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ABSTRACT

Laboratory, growth chamber and field experiments !¡ere conducted

between 1981 and 1984 to determine the effect of urea on the solubility and

plant uptake of banded monoammonium phosphate (MAP).

In a diffusion study MAP v¡as applied with or without cosolutes to soil

columns. After incubation, sections of the column r,rere extracted by water,

then 0.5M H2SO4. Adding urea with MAP increased the quantity of

$rater-extractable P by 20t and 60t after 1 and 5 wk of incubarion,

respectively. Similar treatments were utilized Ín an elution study where

the columns vrere incubated, then leached with water for 48 h. Adding urea

with MAP increased the quantity of P eluted by 10t and 408 from columns

incubated for 1 and 5 wk, respectively.

Plant uptake studies were conducted using spring wheat (Triticum

aestiwum). In the growth chamber, in vivo rnonitoring of 32V intensities

indicated that adding urea with MAP (dual banding) delayed the iniriarion

of fertilizer P uptake at the seedling stage, Iikely due to high

concentrations of ammonia preventing root growth into dual bands. However,

scintillation counting and further monitoring at the heading and mature

stages rewealed that adding urea with MAP eventually increased the uptake

of fertilizex P from MAP bands that r,\tere not close to the seed row. Field

experiments showed that grain yields and early season uptake of P were

generally greater for P placed in the seed row, 18 cm dual bands or 36 cm

separate bands than for P in 36 cm dual bands. Further evidence of delayed

initiation of uptake of fertilizer P during Èhe seedling stage was obtaíned

with the use of 32p 
^t one field site.
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1. INTRODUCTION

Most research on the placement of P fertilizers has been directed

towards studying the behavior of P fertilizers aIone, not in combination

with other fertilizeÍs. However, in order to save labor, the placement of

P and N fertilizers Ln the s¡me band (courmonly referred to as "double

shooting" or "dual banding") has become increasingly popular in l,Iestern

Canada (Harapiak and Penny 1984). This has 1ed to an increased need to

understand more fully the interactions between ferXíTtzers and subsequent

effects on yield and P uptake by the crop.

The purpose of this thesis was to investigate the effects of dual

banded urea and monoanmoniurn phosphate (MAP) on P solubility and P

utilization by spring wheat and to compare P placement in dual bands to

conventional placement of P in the seed row. Urea and MAP were chosen

because they are popular forms of N and P fertilizers in Western Canada. A

potential adwantage of adding urea to I'ÍAP bands is that ammonium-N in the

same zone as P fertíIizer can stimulate uptake of fertilizer P (Rennie and

Soper 1958; Miller 1974). This "ammonium ion effect" is one of the reasons

why ìfAP has generally been regarded as superior to calcium phosphate

sources of P in üIestern Canada (Dion et al. L949a; Dion et al . L949b;

Mitchell 1-957). One potential disadvantage of applying P and N together in

bands before seeding compared to placing P in the seed row is the delayed

uptake of ferLilizer P caused by the increased distance betr¿een the P

fertilizer and the seed.

To more fully understand the reactíons in dual bands and plant uptake



of P from dual bands, a literature review and a series of laboratory,

growth chamber and field experiments were conducted between 1980 and 1984.

The objectives of these studies !¡ere to describe the effects of urea and

placement on the solubility, movement and plant uptake of llAP.



2. REVIEW OF LITERATURE

2.1 Introduction

Most soils in lfestern Canada ate deficient in P and require the

addition of P fertíLLzer for maximum crop production. The traditional

recommendation for wheat has been to place P fertilizer in the seed ror,r to

allow rapid, early uptake (Faculty of Agriculture, University of Manitoba

L977; Bailey et aI. 1980). However, preplant applicarion of p fertilizer

wich large quantities of N fertilizet in the same band (dual banding) has

recently become a popular alternative to placing P in the seed row (LeÍkam

et al. L979; Harapiak 1980; Leikam er al. 1983; Harapiak and penny 19g4).

A potential advantage of dual banding may be stimulation of fertilizer

P uptake due to the presence of additional ammonium-N, a phenomenon

referred to as the "ammonium ion effect" (Rennie and Soper 1958; Miller

L974). unfortunately, dual banding prior to seeding arso results in

increased distance between the seed and P fertilizer, which may delay the

uptake of fertilízer P. Therefore, the efficiency of MAp placed in dual

bands compared to MAp placed in the seed row depends on the relative

importance of these tv¡o factors.

2.2 Rol=e of P as a Nutrient

The role of p in plant nutrition has been reviewed comprehensively by

Bieleski (L973) and Bieleski and Ferguson (19g3). rn general, planr

tissues contain 0.2 to 0.4t P on a dry matter basis or 5 co 10 mM expressed

in Èerrns of concentration in riving tissue (Bíeleski rg76).



All P in higher plants is found in the ful1y oxidized stare as

inorganic orthophosphate or organic forms such as DNA, RNA, phospholipids

and ester-P (Bieleski 1973 , L976; Bieleski and Ferguson 1983).

Concentrations of metabolically active P are less variable v¡ith respect to

time, environment and species than inorganic P (Bieleski 1973; Loughrnan

L978; Chisohn et al 1981; Lefebvre and Glass L982). The inorganic p

fraction serves as a forrn for storing P in the plant. It íncreases sharply

in response to improved P status and accumulates in the vacuole (BÍeleski

L973; Loughman 1978; Chapin and Bieleski 1982). This "luxurious uprake', of

P is likely an ecological adaptation to survive between purses of p

availability.

The benefits of P fertilizaLion include more Èhan a simple nutritional

correct.ion for improved yields. Other agronomic benefits include increased

resistance to frost (Nelson 1956) and common root rot (Verma et al . 1975).

P fertílization also hastens maturity (coe 1926; Nelson 1956), which may

increase yields by compensating for the detrimental effect of late seeding

(Anderson and Hennig 1964; Ciha 1-983).

2.3 Factors Influencing the Effectiveness of Different Methods of Placing p

Fertilizers

The method of placing P fertilizer affects its effectiveness by

influencing the degree to whích soil retains the added p, root

accessibility and timeliness of uptake.

2.3. L Retention of P Fertilizer b_v Soil

l{hen solubre P fertrlizer is added to soil it rapidry becomes



significantly less mobile and less available to the plant, due primarily ro

adsorption and precipitation reactions. The t\ùo processes are difficult to

seParate because they involve similar chernícal bonds (Larsen 1967; Veith

and Sposito L977). However, the adsorption mechanism predominates only aE

low P concentrations, conditions quite different from those near a

fertilizer band or granule.

In base saturated soils, fertilizer P is precipitated initially as

dicalcium phosphate or dimagnesium phosphate which gradually changes to

less soluble forms such as octacalcium phosphate (Lindsay et al. L962;

strong and Racz L969; Racz and soper L97o; Sample er aI. l9g0; Freeman and

Rowell 1981; Talibudeen 1981). In general, higher concenrrarions of added

P appear to result in more soluble reaction products (Larsen and Widdowson

1970). This has led some researchers to speculate that reduced retentíon

of P by soil is one of the reasons why P fertilizer Ls more effective when

banded rather than broadcast (prummel Ig57).

Although irnmobilization of P by microbial activity does not account for

the rapid retention of fertilízer P, organic P accounts for 20-g6t of toral

P in soil (Larsen L967). Recent evidence indicates that added p can be

immobilized during the degradation of crop residues low in p (singh and

Jones I916). Therefore, P fertilizer placed underneath crop residues may

be less likely to be immobilized.

The release of retained P to plants via diffusion is controlled by

several environmental factors, most notably, soil moisEure and soil

temperature. Increases in soil r¡/ater content enlarge the cross sectional

area of hrater films around soil particles, decreasing path length and

torEuosity (Barber 1962, 1980) . The increase in Ëhickness of water films



also reduces resistance to diffusion caused by negative ion attraction and

viscosity changes (Olsen and Kemper l-968). Therefore, P fertilízer will

diffuse slowly if placed at a depËh in the soil where drying is likely to

occur. Increases in soil Èemperature generally increase Èhe solubilíty and

diffusion rates of inorganic P in soil (Sutton L969, Nielsen I97I) .

Hor,¡ever, low soil ternperature and low soil water content discourage

conversion of fertilízer P Èo insoluble forms (Beaton and Read 1963; Beaton

et al. 1965).

2.3.2 Root Access to P Fertilizer

The zone of P depleËíon near plant roots is very small due to

retention of P by the soil. Therefore, configuration and length of the

rooc system are important determinants of P supply Lo the plant (Barley

1970; Newman and Andrews 1973) and placement of P fertilizer relaxive to

the root syscem ís critical.

For cereals Ín the relatively dry environment of Western Canada,

seminal roots are at leasÈ as important as nodal roots (Pavlychenko 1937;

Boatwríght and Ferguson 1967). Seminal roots gro\.r outr,rard only 10-20 cm

away from the vertícal axis of the planC before growing mainly downwards

(Klepper et al. 1983). Therefore, root proliferation and rate of P uptake

are usually greatest when P is placed near the base of the plant (McClure

L972).

RooLs are capable of proliferating in zones rich in P near fertilizer

granules or bands. This has been demonstrated in solution culture and pot

experiments with both barley (Drew L975; Drew and saker L9751' Drev¡ and

Saker L978) and wheat (McClure L972; Strong and Soper 1973). Roor



proliferation in P fertilizer zor,es has also been observed in field

experiments with barley (Bohm L973, L974) .

The moisture content and temperature of the soil affect the ability of

the root to absorb P. Teroporary drying of the root system disrupts the

cortex, resulting in a drastic reduction of uptake and translocation of P

(Clarkson et al. 1968). Cool temperaËures allow for sustained P uptake

along a greater proportion of root length, alÈhough overall root grovrth and

P uptake decline (Bowen 1970b).

2.3.3 Timeliness of Uptake of P Fertilizer

The method of placing P fertilizer affects the time at which the

fertilizer can be utilized by the plant. Although it is often assumed that

P fertilizer must be accessible to the plant early in its growth it is

uncertain how early this access needs to be. There are some contradictions

in the literature especially between evidence reported in terms of yield

and that reporËed in terms of P uptake.

Part of the reason for these contradictions is a feedback mechanÍsm

that allows a plant to regulate its ability to take up P, depending on irs

need for P. Boatwright and Viets (1966) found that if wheat v¡as starved

initially for P and then transferred to a solution containing P, the plants

accumulated rnore P than plants grorrn conÈinuously in a solution containing

P. Others have also found that cereal seedlings are eapable of faster

uptake of P after an initial starvation period (Bowen 1970a; Green et al.

1973; Clarkson et al. L978; Drew and Saker L97B). Abnormally high tissue P

concentrations, as high as 3t, have been observed in plants transferred

from P deficient to P sufficient solutions (Green and l.Iarder L973). P



deficient plants are also capable of increased rates of uptake per unit

length of rooÈ when roots are trimmed (Jungk and Barber L974) or when only

part of the root system is exposed to p (Drew and saker 197g).

The kinetic explanation for this physiological compensation is not

quite clear. It aPPears that inorganic P allosterically inhibirs p uprake

(Lefebvre and Glass L982). As mentioned previously, inorganic p

concentrations are very low in plants deficienE in P, with most of the p

being in the organic form (Loughman rglï; chapin and Bieleski 19g2).

Although planÈs initially starved for P may accumulate P rapidly once p

is supplied, final yields of grain may be reduced. Field studies in the

Northern Great Plains have shown that most of the P accumulated by spring

wheat is taken up before heading (Spinks and Barber 1947; Boatwright and

Haas 1961; Racz et a1. 1965). Ferririzer p, especíally, is raken up by

wheat early in the growing season (Spinks and Barber L947). However rhe

accumulation of P early in the season is not, by itself, sufficient proof

that large amounts of P are necessary at this time. As mentioned

previously, rarge amounts of inorganic p may be stored in the vacuole

during periods of ',luxurious" uptake.

Unfortunately, much of the early research examining the effect of the

time at r'¡hich P is made available to plants has little practical value.

For example, Gericke has been quoEed as having proven the nutriùive value

of P earry in the season (Dion et aI. L949b; sutron er a1. r9g3). yer,

Gericke's original hypothesis was that late season depretion of most

nutríents increased wheat growth and grain yield. In Gericke,s experinents

yields increased when plants v¡ere depríved of not only p, but also Mg and S

after only 4 wk growrh (Gericke r924a, rgzhb, rg25). parr of rhe reason



for these peculiar results may have been due to the lack of Cu, Zn and

aeration in his crude solution cultures. Brenchley (L929) also used crude

solution culture techniques but found that barley could not be deprived of

P beyond the first 2 wk of growËh before there rras an irreversible loss of

tillers. There ¡,¡as evidence thaË the most acute demand for P occurred

between 2 and 4 wk after starÈing grovrth. Brenchley refered to research by

Pember in L917 that showed an early, temporary restriction in P supply was

not detrimental to the yield of the main shoot. Hor¿ever, in Pember,s

experiment tillers were all removed as they appeared.

In pot experiments with l¡heat, Saskatchewan researchers found that

delaying P application up to 4 wk after planting reduced midseason dry

matter yields, although ít increased Èhe uptake of fertilizer P (Barber

1947; Dion et al. L949b). Unfortunately, no harvests of grain were taken.

Other researchers found that the rapid, early vegetative growLh associated

with early uptake of fertílízer P (the "popup" effect) did not always

result in higher final grain yield (I+rallingford 1978; McConnell et al.

1986). Hamid and Sarwar (1977) found that higher v¡heat yields and

fertilizer uptake were obtained from broadcasting P at the tillering stage

than from placing P in or near the seed ro\,r, in spite of an obvious growth

advantage early in the season for the latter treacments.

In solution culture experiments, Boatwright and Viets (L966) found

thaË witholding P from spring wheat for the first 2 wk of growth reduced

grain and dry matter yields by 58t and 20t respectively. However, initial

starvation of P increased the total amount of P taken up. In solution

culture experiments with barley, Drerr and Saker (1978) found that placing

the zone of P supply further away from the base of the shoot reduced the
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initial relative growth rate due to lack of P. Although the relative

growth rate resumed later, absolute growth remained retarded.

Unfortunately, these solution culture experiments generally do not reflect

field conditions where P nay be Iow in supply but not completely absent and

where the early development of a vigorous, healthy plant is essential for

further root exploration for soil P.

In conÈrast Èo the inportance of early season uptake of P, the

withdrawl of the plant's P supply late in the growing season appears to

have little effect on yield (Boatwright and Viets 1966; Chapman and Keay

I97L; Sutton et al. l-983).

2.4 The Effectiveness of Different Methods of Placing P Fertilizer

For reasons that relate to the factors previously discussed, placing P

fertilizer in a band in or near the seed row of wheat often results in the

greatest yield and/or nutrient uptake (Hanway and Olson 1980; Bailey et al.

1980). P which is banded in or near the seed row increases cereal yields

more than broadcasted P especially if fertilÍ.'zation rates and levels of

available P are low (Coe 1926; Lawton et al. 1956; Vavra and Bray 1959;

Ridley and Tayakepisuthe 1974; Macleod et aI. L975). Ifhen P is

broadcasted, two to three times as much P is required to produce grain

yield responses equivarent to those from P placed in the seed row (coe

L926; Lutz et al. 1961; Rudd and Barrow L973; Peterson er al. 1981). For

example, Prummel (l-957) conducted 1-00 field experiments in the Netherlands

and found that two and a half times as much broadcasted P was requíred to

match yields from sidebanded P. He attributed the advantage to less
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retention by soil, a more favorable position beneaÈh Èhe dry surface soil

and betËer P uptake and vigor early in the season. Brandon and Mikkelson

(L979) reached similar conclusions from field experÍ-ments ín California.

Recent research on irrigated soils also demonstrated the advantage of

banded P when the surface soil dries (Vig and Singh 1983). Cool soil

temperatures may also enhance the superiority of localízed versus broadcast

placemenË of low rates of P (Ketcheson L957; Knoll et al . 1964; Englestad

and Allen L97La; Alessi and Power 1980; Sheppard L982). In conrrasr, high

rates of P application and hígh leve1s of available P in the soil may

reduce or eliminate the advantage of placement near the seed row (Peterson

et al. 1981; Sheppard 1982).

Banding P at high rates in the seed row may injure seedlings, reducing

the nutritional benefit of this method of placement. Olson and Dreier

(1956a) found that P placed in the seed row produced higher grain yields of

wheat and oats compared to broadcasted P at moderate rates. The opposite

was true at high rates where P in the seed row damaged seedlings and

reduced emergence. Seedling damage is most likely to occur when diammonium

phosphate is used as a P source (Olson and Dreier 1956a; Stevenson and

Bates L968; Macleod et al. 1975) and/or when Èhe spacing between seed rows

is wide (Kinra et al. 1963). As a result, although P placed in the seed

ro$¡ may be more effective than sidebanded P at moderate rates and Ín soils

with low levels of available P, sidebanded P is more effective at high

rates and in soils with high levels of available P (Sherell er aI. 1965;

Nyborg and Hennig L969).

For sídebanded P, í.ncreasing the distanee beËween the P band and the

seed row can reduce yields. Prummel (f957) found rhat placing P B cm
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rather than 4 cm to the side of the seed row reduced early growth and final

grain yield of oats grovrn in the field. Nyborg and Hennie (L969) found

that placing P 5 cn rather than 2.5 cm to the side of the seed reduced

barley gro!¡th and yield. Sherell et al. (l-965) found Èhat increasing Ehe

horizontal distance between P bands and the seed row reduced ferxilLzer P

uptake and the grain yield of oats. In contrast, McConnell et aI. (1986)

found no consistent differences in grain yield of l¡inter wheat, whether

ammonium polyphosphate was banded in the seed row or 15 cm arvay and 5 cm

below the seed row.

P applied in bands before planting may not produce grain yields as

high as those from placing P in Ëhe seed row because of the likelihood of

increased distance between seed and fertilízer (Coe 1926). In more recent

field studies with wheat, Alston (1980) found a significant decline in

grain yíeld when preplant P bands vlere spaced 50 cm insËead of 18 cm apart.

Placing P fertilizer below the depth of the seed row may have some

advantages over seed row placement. No P can be absorbed by wheat roots in

a dry layer of soil (Boatwright et aI. L964). Even temporary drying

destroys the ability of that portion of the root system to take up P

(Clarkson et aI. 1968). Therefore, banding P a few cm below the seed depth

may allow greater P uptake and yield during periods when the surface soil

is dry (Murdock and Engelbert l-95B; Power et al. l-96L; Singh 1-962;

McConnell et al. l-986).

The supply of moisture to the crop does not, however, always account

for the response of cereals to depth of placement. In field studies with

drought-stressed wheat in Saskatchewan, Mitchell (1957 ) found no advantage

Ëo placing fertilizer deeper than the seed. Meanwhile in the Netherlands,
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where soil moisture supplies v¡ere excellent, Prummel (L957) found that

placing P 4 cm below the seed was superior to placement with the seed or 2

cm belovr the seed. In deep pot studies Alston (L976) found that placemenr

of N and P ax 25 cm below the surface resulted in higher wheat yields and

greater P accr¡mulation compared to placement at a depth of 5 cm. However,

there was no interaction between the effect of placernent and moisture

supply. Later, in a field study he found no benefit from placing P at 15

cm versus 5 cm deep with v¡heat. grovm in dryland or irrigated conditions

(Alston 1980). The inconsistent relationship between moisture supply and

depth of placement may be due to variations in the pattern of adding and

extracting vrater from the soil profile. The surface soil may be drier or

v/etter than deeper soil, dependíng on the balance between evaporation and

transpiration losses combined with the pattern of rainfall or irrigation.

2.5 Effects of N on P Fertilizer

Several authors have reviewed the literature describing the effect of

N, especially in the ammonium form, on P uptake (Grunes 1959; Fried and

Broeshart L967; Miller I974; Miller and ohlrogge 1977; sheppard and Racz

1980). MosÈ of this literature describes Ëhe effect of adding small

amounts of N fertílí-zer to calcíum phosphates. There is very little

information about the effect of adding large amounts of urea to MAP bands.

Some of the earliesË research into the ammonium ion effect was done in

Saskatchewan rvhere researchers found that cereal yield responses to p

fertilizer I¡¡ere greater with ì{AP than v¡ith calcium phosphates (Mitchell

7946; Dion et al. L949a, L949b; Mircherl L957; Rennie and Soper 1958;
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Beaton and Read L963). The superiority of MAP was especially obvious in

early gro!¡th stages and on alkaline soils. olson er aI. (1956a) found

similar results ín field and greenhouse experiments with smal1 grains ín

Nebraska. Recent research wíth wheat and barley in California also

demonstrated the superiority of llAP (Brandon and Mikkelson L97g).

Since the superiority of MAP was attributed to the anmonium ion one

night wonder if the higher anmonium content of dianmonium phosphate (DAP)

would be of further benefit. One night also speculate that the higher

ammonium content and alkaline pH in the DAP reaction zone may resemble the

effect of urea on the otherwise acidic MAP reaction zone. Unfortunately

the performance of DAP compared to MAP ís inconsistent. Bouldin and Sample

(l-959) and Hashimoto and Lehr (1973) extracted more \,rater soluble P from

acídic soils incubated with DAP compared to MAP. Bouldin and Sample (1959)

found the opposite trend in a calcareous soil. Beaton et al. (1965)

extracted similar amounts of r^¡ater soluble I from DAP and MAP treated

soils, regardless of carbonate content. However, in earlier pot

experiments Beaton and Read (1963) found that oats took up less fertíIízer

P from DAP compared to MAP. Lindsay et al. (1962) found large differences

between DAP and llAP in Ëhe nature of their reaction products, but Racz and

Soper (L967) found that dicalcium phosphate was the urajor reaction producr

for both DAP and MAP. BeIl and Black (1970) found some differences in

reaction products from DAP compared co MAP, but dicalcíum phosphate

predoninated in both cases. Lewis and Racz (1969) found that P moved less

extensively fron DAP compared to MAP pellets, but others have reported the

opposite trend (Read and Beaton 1963; BelI and Black LglO) .

Early research using arnmonium sulfate or ammonium nitrate plus
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ordinary superphosphate showed that placing arnmoniun-N within rather than

beside the P band increased the uptake of ferti-1-izer P in a variety of

crops gro!¡n under field and greenhouse condítions (VoIk L944; Robertson et

al. L954; Olson and Dreier 1956b; Olson et al. 1956b; Miller and Ohlrogge

1958). Increases in yield were less frequent, especially after the early

growth stage.

Similar observations r¡ere reported using am¡nonium fertilizers plus

triple superphosphate or monocalcium phosphate on grain crops (Rennie and

Mitchell L954; Duncan and Ohlrogge 1957; Rennie and Soper 1958; Grunes et

al. 1-958; Miller and Ashton 1960; i^Ierkhoven and Miller 1960; Englestad and

A1len 1-97lb). Conversely, for cool season forage crops, adding ammonium-N

to monocalcium phosphace bands gave no consistent benefit (Sheard I914,

1980).

Rennie and Soper (1958) examined the influence of addítional

ammonium-N on the uptake of monocalcium, monopotassium and monoammonium

phosphate. In one of their experiments, N fertTlizers.and MAP were placed

in the seed row and a relatively low rate of N was applied (33 kg|na).

They found increased uptake of fertilizer P by wheat after 53 d of growth

when urea or ¡mmonium sulfate hras mixed with the P fertilizers. The

ammonium ion effect !¡as most obvious at an early growth stage and N had

relatively little influence on fertil ízer P uptake when applied separate

from the P band or in a niËrate form.

Over the years there have been nany hypotheses put forth to explain

how ammonium-N stimulates the uptake of P fertlLizer. The facÈors cited

fall into two primary groups: those that are directly related Ëo chemical

reactions of the fertilizers within the soil and those that are related to
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plant physiology or root norphology.

2.5.1 Effects of N on Movement and Solubilicl¡ of P Fertilizer

The two principle chemical effects of adding arnmonium salts to P

f.erxll-ízers are changes in the pH and ionic strength of the soil solution.

The availability of P is usually greatest at neurral pH (Cho and

Caldwell 1959). At higher pH, the solubility of preeipirared calcium

phosphates is decreased and the strength of adsorption is greater (Olsen

and Kemper 1968). At low pH, the solubility of iron and aluminum

phosphates is restricted.

Acidification of alkaline soils can release soil P, allowing higher P

uptake by plants (Ryan and Stroehlein L979). Part of this increase in P

uptake may result from the plant's physiological preference for H2PO4-

versus HPO4: ions (Hagen and Hopkins 1955). Volk (1944) found rhar rhe

addition of lime to the fertilízer layer reduced Ëhe stimulatory effect of

ammonium sulfaÈe on superphosphate uptake. He hypothesized that the

acid-forming nature of arnmonium sulfate was, therefore, the principle

factor involved. Rennie and Mitchell (1954) also attributed the ammoniurn

ion effect to the acidifyíng effect of nitrification, based upon greenhouse

experiments in which the oxidaÈion of elemental S had increased the uptake

of dicalciurn phosphate by wheat (Mitchell et al. L952; Lorenz and Johnston

i-953). However, in a later paper, Rennie and Soper (1958) disproved rhe

nitrification theory. They found that the addition of acidic salts to

bands of P fertllizer had an adverse effect, if any, on the uptake of

fertilizer P. Rennie and Soper then postulated that ammonium increased the

ability of plants Èo take up P and did not increase directly the
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availability of P. Olson and Dreier (1956b) and Grunes et al. (195S) also

found that the acidification of a P band yras not beneficial, especially in

calcareous soils. In both papers, the authors postulated that

acidification increased the concentration of soluble calcium allowing

greater precipitation of the P fertilizer, counteracting the positive

influence of the lower pH on P solubility.

More recent research using nitrification inhibitors provided further

evidence that nítrification lras an unlikely factor in the ammonium-ion

effect. In several experiments, inhibition of nitrification increased

fertilizer P uptake from bands of ammonium phosphates or ammonium plus

phosphate fertilizers (Nielsen et al . 1967; Miller et al . L970; Engelsrad

and Allen L971-b; Spratt 1973; Leikam et al. l-983).

One must question the general premise that acidification of alkaline

soils always increases the solubility of soil and fertiLizer P. Although

Isensee and l.Ialsh (L97L, 1972) reported that adding urea to monocalcium

phosphate depressed the solubility of fertilizer P, Hanson and l{estfall

(1985, l-986) added ammonium hydroxide to ammoníum polyphosphate and

increased the levels of sodium bicarbonate- and Bray-extractable P. The

conmon extractants used to assess plant available P in alkaline soils are,

themselves, alkaline. And, although starostka and Hill (1955) are often

cited for theír observation of the íncrease in solubility of dicalcium

phosphate upon the addition of ammonium sulfate, they also noted that the

solubílity of diealcíum phosphate was enhanced by alkaline salts such as

sodium carbonate and potassium carbonate more than any of the other 15

cosolutes tested, It the same short tern experiment, urea did not enhance

P solubility, although the urea may not have hydrolyzed.
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Bouldin and Sarnple (1-958) found rhar a wide variety of salrs,

including both anmonium and potassitul salts, increased the uptake of

concentrated superphosphate by oats grovrn in acidic soils. Most of this

effect was explained by an increase in P solubílicy. In this and

subsequent studies wiËh concentrated superphosphate (Bouldin et a1. 1960;

Taylor and Gurney 1-965) reseachers found that the addition of ammonium and

potassíum salts reduced the proportion of granule residue at the site of

applicatíon. Similarly, Blanchar and Caldwe11 (L966a, l-966b) found Ehat

both ammonium and potassium chloride increased the solubility of

monocalciurn phosphate. However, in pot studies, corn took up much more

fertirizer P from the ammonium chloride treatment. Therefore, they

concluded that most of the ammonium ion effect was due to physiological

factors. Other researchers have found Èhat adding ammonium salts to

monocalcium phosphate reduces P solubility while stiIl allowing plants to

take up more fertí-li'zex P (Miller and Vij 1962).

In an early review, Grunes (1959) noted that an increase in ioníc

strength caused by adding salt to soil solution may decrease the activity

coefficients of a srightly soluble sa1t, such as dicalcium phosphate,

resulting in an apparent increase in solubility. However, he also noted

that at high ionic strengths, such as those in a fertLl-izer reaction zorre,

the acÈivity coefficients may actually increase, reducing the apparent

solubility of a slightly soluble salÈ. Another poËentially deleterious

effect of adding large amounts of salt with P fertilizer is displacement of

calcium from cation exchange sites allowing it to react with the P (Grunes

1959; Isensee and l"ialsh L972). The benefit of any so-called "sa1t effecr"

is further dirninished when one considers that placing nitrate or poEassium
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fertilizers in the P band has liut1e, if any, positive effect on fertilizer

P uptake (Robertson et al. 1954; Olson et al. 1956b; Grunes et al. 1958;

Rennie and Soper 1958; Leonce and Miller 1966; Bhandari and Virmani 1972) .

2.5.2 Effects of N on Abílity of Plants to Take Up P Fertilizer

Chernical reactions in the fertilizer reaction zone do not, by

themselves, account for most of the inerease in fertilízer P absorption

caused by the ammonium ion (Rennie and Soper l-958; Miller L974; Miller and

Ohlrogge L977). Plant-related factors cited in explanations of the

ammonium ion effect include physíological acidification of the rhizosphere,

eaxion/anion balance, root morphology and metabolÍc influences of ammonium.

The acidic rhizosphere of plants fed ammonium is a result of the

excretion of hydrogen ions in exchange for the uptake of ammonium ions

(Kirkby and MengeI L967; Kirkby 1968). Conversely, nitrate uptake resul-ts

in the excretion of bicarbonate.

Many years ago Chapman (1936) proposed that physiologically acid N

fertilizers would increase the availability of P. Loxenz and Johnston

(l-953) reinforced this hypothesis during experiments that compared the

addition of aumoníum sulfate versus calcir¡m nitrate to bands of P

fertilizer. Unfortunately, much of these data are inconclusive because of

the confounding factors of added calcium and changes in Èhe pH of the

fertilizer reaction zone that were unrelated to plant activity.

Leonce and Miller (1966) observed that labelled P fertilizer

accumulated on the surface of corn roots when planÈs were supplied with

concentrated superphosphate plus potassium nitrate but not when supplied

with concentrated superphosphate plus ammonium chloride. AlLhough they
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hypothesized ínixially that emmonium affected P carríer activity within the

plant root Miller and his colleagues proved later that the absence of

P acctrmulation on Èhe root surface !¡as due to a reduction in the pH of the

rhizosphere (Miller et al. L97o). Riley and Barber (L97I) arrived ar a

similar conclusion ín experiments with soybeans. The pH of the rhizosphere

of plants fed with ammonium was significantly lower than that of the bulk

soil. Conversely, the pH of the rhizosphere of plants fed with nitrate was

higher than that of the bulk soil. There lras a significant, negative

correlation between fertilizer P uptake and rhízocylinder pH. In the same

yeat, Miller and his associates showed that the degree of ammonium

enhancement of P fertilizer uptake vras relaLively greater at higher soil pH

(B1air et al. L97L). Later, Soon and Miller (1977) isolared rhe

rhízocylinder of corn plants fed with monocalcium phosphate plus nitrate or

ammoníum-N and found that the lower pH of plants fed ammonium was

accompanied by increased solubilíty and uptake of fertil izer P. Although

the aforementioned research was done with corn and soybeans, there is no

reason to expect that wheat would respond dífferently. The lowering of pH

in the rhizosphere of wheat fed ammonium-N has been observed both in the

greenhouse and in the field (Smiley L974; Marschner and Romheld 1983).

Changes in the pH of the rhizosphere not only influence retention of P

by the soil, they also affect the physiology of P uptake. Hagen and

Hopkins (1955) found that excised barley roots absorbed the greatest amount

of P from solution cultures at pH 4 to 5. They attributed reduced uptake

of P at higher pH to cornpetition with hydroxyl ions. Recent research

suggests that an elecÈrogenic ion purnp drives the P uptake system and that

the pH influence rnay be due to the role of the hydrogen ion gradient in
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that system (Ullrich-Eberius et al. 1981; Bieleski and Ferguson 1983;

Pitnan and Luttge 1-983). Centripetal passage of P through the roots is

also enhanced at lower pH (Ernurert 1983) .

There are oËher differences between ammonium and nitrate nutrition, as

pointed out in recent reviews (Haynes and Goh L978; Runge 1983). Besides

changing the pH of the rhizosphere, the form of N also affects the balance

of other cations and anions taken up. Ammonium uptake encourages the

absorptíon of anions. Nitrate uptake, on the oÈher hand, encourages cation

absorpËion (Mengel and Kirkby 1979). This observation is not ner^r. Arnon

(1939) observed that barley fed with ammonium in nutrient solution

contained more P and had a lower content of cations compared to plants fed

with nitrate. He found thaÈ the pH of the shoot sap vras lower in plants

fed with ammonium and attributed the response to the "weIl-known

physiologícal acidity" of ammonium nutrition. More recently, Blair et al.

(f970) found that plants fed with ammonium took up more P and S from

nutrient solutions, even though the pH of the solutions was kept constant.

Also, Cox and Reisenauer (L973) found that adding ammonium to a flowing

nutrient solution containing adequate nitrate increased the uptake of P and

S by wheat.

The practical irnportance of these sËudies is unclear. In soil where

nitrate is available to the planÈ the influence of ammonium fertilÍzers on

Èhe balance between cations and anions in the plant may not play as great a

role. In pot experiments with soil, ammonium fertilizer increased the

uptake of fertilizer P, but had no influence on the uptake of S (Marnaril

and Miller 1970). Also, Dogar and Van Hai (L979) found rhar rhe

enhancement of P uptake by ammonium in nutrient solutions reached a maxímum
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at approxirnately l rnM NH4, a lol^r concentration compared to that within a

fertílizer band.

Several reseachers have noted that seedlings pretreated wich nitrate

or ammonium take uP more P from nutrient solutions than untreated seedlíngs

during short Ëerm experimenÈs (CoIe et al. L963; Taber and l,lcFee L974).

The effect has been attributed Lo the formation of a nitrogenous metabolite

which aids P uptake. RecenÈly, Barneix and co-workers found that wheat

seedlings pretreated with arnmonium sulfate or urea were able to take up

more P from flowing nutrient solutions than plants pretreated with calcium

nitrate (Barneix and Arnozis 1980; Barneix 1981). Barneix also suggested

Èhat a nitrogenous intermediate related to the P uptake mechanism was

responsible. However, because the unique role of ammoniurn relative to

nitrate is rather poorly defined and inconsÍ.sÈent, it is unlikely that

nitrogenous metabolites account for the ammonium ion effect.

RooË proliferation by a eereal crop is stimulated by a localized

supply of nitrate or anaonium provided that the concentration of salts,

ammonia or nitrite is not high enough to be toxic (Passioura and Lietselaar

L972; Drew 1975). Root proliferation is enhanced further when both N and p

are supplied in the same zone (Grunes et a1. 1958; Duncan and ohlrogge

1958a; Drew L975; Alston L976; Drew and saker L978). Therefore, the

ammonium ion effecE has occasionally been attributed to the increased root

proliferation in the P band rvhen N is added (Miller and ohrrogge 1958;

Miller and Vij L962).

Hov¡ever, root proliferation, alone, cannoË explain the ammonium ion

effect. Root proliferation is also stimulated by KNO3 and KCI without much

subsequent effect on P uptake (Duncan and ohlrogge 1958a; Blanchar and
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Caldwell 1966b; Blair et al. L971). The ammonium ion effect has also been

observed where there was little or no increase in root proliferation

(l'filler and Vij 1965; Leonce and Miller L966; Mauraril and Miller L970;

Riley and Barber L977). Therefore one must agree with earlier authors that

there are physiological factors other than a physical increase in root

proliferation v¡hich are responsible for ¡þs emme¡ium ion effect (Olson and

Dreier 1956b).

In summary, after reviewing the wide variety of hypotheses, one

concludes that the ammonium ion effect is likely not due to only a single

factor (Miller 1974). Rather, there is likely a combination of several

factors that are responsible, with root proliferation and physiological

acidification being the primary ones.

2.5 Research Needs

There are many research papers that describe either the effect of

placing P in different positions relative to the seed rorv or the

interaction between N and P. Unfortunately there is little informatÍon

about the relative efficiency of ìlAP applied in the seedrow versus MAP

placed v¡ith urea in dual bands prior to planting, especially for cereals

growrt under Western Canadian conditions. Although researchers in Kansas

recently investigated preplant dual banding, they used ammonium

polyphosphate as a P source and winter wheat as a test crop (Leikam et al.

1979; Leikaur et al. f983). Leikam et a1. (1983) reported that dual banded

P resulted in higher P concentrations in plant tissue and higher grain

yields than P banded in the seed row. LaÈely, though, Kansas researchers
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have suggested that some seed row P may be advantageous when N and P are

banded before seeding, especially íf band spacings exceed 20 cm (MaxwelI et

al. L984; Cabrera et al. l-986). In Colorado, although ammonium

polyphosphate was applied in conjunction with N, different placements r,rere

not compared (Hanson and Westfall 1985).

Also, there is very little inforrnation that describes the effect of

using ratios of N to P as high as those appried typically in wesrern

Canada. Duncan and Ohlrogge (1958b) found that increasing the N:P2O5 rario

from 1:1 to 3:1 depressed ferti-l-izer P uptake. Miller and Ohlrogge (1971)

suggested that an N:P205 ratio of 1:4 is optimum, meaning they would not

expect enhancement of P uptake from adding more N to a band of MAp. yet

Rennie and Soper (1958) found that adding 33 kg/h^ of urea-N xo 26 kg/ha of

P2O5 in an MAP band increased the uptake of P fertilizer by wheat after 33

and 53 d of growth. Unfortunately, no grain harvest was taken.
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3. EXPERIMENTAL PROCEDURES AND RESULTS

3.1 Diffusion Experimenr

As mentioned in the literature review, the ammonium ion effect is
caused by several factors (Miller rg74). And, although most of the

research to date indicates that the predominant factors are root

proliferation in the fertilized zone and pH reduction in the rhizosphere,

there is evidence that ammoniacal fertillzers may also enhance the chemical

availability of fexxiLLzer P (Hanson and tdesrfall 1985, 1986). Therefore,

laboratory studies were conducted with incubated soir columns to

investigate the effects of urea on the chemical nature of the fertilizer

reaction zone and, specificalry, the effects on MAp movement and

solubility. Some of the effects of urea on the ionic environment of the

fertilizer reaction zone include an initially high pH, erevated

concentrations of sart and, in partÍcular, higher concentrations of
ammonium. Therefore, K2co3, KCl and NH4c1, respecLively were added to the

MAP reaction zone in an attempt to imitate those individuar

characteristics.

Experimental procedures

The soil used in this experiment was obtained from the Ap horizon of a

Gleyed Rego Black Chernozem loamy fine sand, Almasippi series, collected

near Graysville, Manitoba, sE 24-7-6 I,I1 (Tab1e 1). prior to use, che soil
was air dried, mixed and passed through a 1 mn sieve.

The soil was moistened with O.24 kg water/kg soil and rhoroughly mixed

in a polyethylene bag immediately prior to being packed gently into acryric
cylinders (the experimental procedures are described in greater detail in
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Table l-. Some Properties of the Soil Used in che Diffusion and Elution
Flow Experiments

Texture loarny fine sand

pH (1:1, soil:water) 7.8

NaHCO3-extractable P 10 ng/kg

No3-N 5.4 ng/kg

NH4Ac-extractable K 92 ng/kg

So4-S L.L ng/kg

Carbonates (CaC03 equiv. ) less rhan I g/kg

Organic C (l,Ialkley-B1ack) 7 .2 ng/kg

CEC (lM NH4Ac, pH 7)
Exch. Ca
Exch. Mg
Exch. Na
Exch. K

Field Capacity (33 kPa)

9 .4 cmol (+) /ke
8.2 cmol (+) /kg
1.7 cmol (+) /ke
0.02 cmol (+) /ke
0. 15 cmol (+) /ke

282

Appendix A). The soil was packed layer by layer with a long tined fork to

a bulk density of 1.33 g/cn3. The cylÍnders were 5.1 cm in diamerer, l0 cm

long and were formed by stacking 20 - 0.5 cm acrylic ríngs and taping them

together usíng vinyl tape. The bottom ríng was glued to an acrylic plate

whích had been drilled with approxiurately 15 - 3 mm holes for aerarion.

Polyethylene mesh (Spectramesh wíth .150 mm openings) was placed between

the bottom ring and the plate to cover the aeration ho1es.

chemical treatments r{rere applied as reagent grade, finely ground

crystals or granules to the surface of the moist soil corumns. The

treatments included 226 mg MAP , 226 mg MAP plus 521 mg urea, 226 mg MAp

prus 929 mg NH4cl , 226 mg MAP plus 1295 mg KCI , 226 mg MAp plus tt98 mg

K2CO3 and a control with no salts added. The rates of P and N application
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were equivalent to those in a fertíIizer band if 25 kg P/ha anð, 100 kg N/ha

were applied in a band width of 2,5 cm and at a spacing of 30 cm between

bands. Potassiuur salts were applíed at a rate equivalent to the moles of N

added. A protective acrylic collar, 3 cm long and 5.1 cm ín diameter vras

then taped to the top of each column and covered with parafilm which was

punctured with sma1l holes to a1lo¡¿ air exchange. The soil columns were

incubated in an upríght position inside a humidified chanber for 1 or 5 wk

at 20oC. Each treaÈment was replicated twice.

After the incubation period, the 0.5 cm sections of the soil columns

vrere separated with a sharpened putty knife. An 8.3 g sample or

approximately half of each moist disk of soil was weighed and placed Ínto

an Erlenmeyer flask for extraction; the other half was placed into a

moisture tin for moisture content determination. Both the construction and

dísmantling of the soil columns r,¡as done in a ful1y humidified room to

avoid dehydration.

Samples were shaken in 135 mL of distilled water for 30 min

(soil:solution ratio approximately 1:20) and then centrifuged ar 6000 rpm

for 10 nin. one 12 mL sample of supernatant was collected for pH and

electrical conductivity analysis; another L2 mL was acidified with .05 mL

conc. H2so4 and analysed for P, (N03+N02), NH4, cã, Mg and K. The soir was

Èhen extracted with 135 nL of 0.5M H2S04 for 30 urin. The acid exrracrs

were filtered using llhatman #42 filter paper and the filtrate collected for

chemical analysis.

I,Iater extracts were analysed for pH using a Fisher Accumet 620 pH

meter equipped with a pencil thin polymer body combination electrode.

Electrical conductivity was measured using a Radiometer CDM 2e conductivity
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meÈer. I.Iater and acid extracts were analysed manually for p using che

aseorbic acld-molybdate blue nerhod (Appendix B, Murphy and Riley (1962)).

Ihe concentratíon of conbined (NO3+NO2) -N in water extracts was determined

using a modification of the automaËed procedure of Kamphake et al. (Lg6l).

ffi+-N in waËer extracts was determined by the Nessler method (Jackson

1958) . Ca and Mg in water extracts and K in water and acid extracEs $/ere

deteruined using a Perkin Elmer 560 Atomic Absorption SpectrophotomeËer.

Results

The concentration profiles of pH, q¡ater-extractable ions and total

(acid plus water) extractable P were dravm by hand through data poinrs thar

represent the mean data from duplicate soil columns (Figures 1 to 16).

Although the data from individual replicates are not shown, Èhe variation

in water-extractable ions between duplicate soil colurnns vras generally

smaIl (Appendix B). The total amounts of p, N, K and ca extracted from

individual sections of the soil columns v/ere surnmed together and are

presented in Table 2, 3, 4 and 5. Considering the large raÈio of water to

soil (20:1) used ín the water extraction, these data may not be a

quantitatively accurate description of Èhe amount of water soluble ions

within the soil solution of intact soil columns, buE the data are still

very useful for comparisoñs among treatments.

I.Iater- Extractable p

The amount of water-extractable P ín the fertilized soil columns after

I wk of incubation varied subsrantially with trearmenr (Tabre 2). The

amount of water-extractable P recovered from the soil columns fertilized

with MAP increased 20t with the addition of urea and more than 608 wirh the
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Table 2. Effects of Cosolutes Plus
Soil Colurnns - Diffusion

MAP on Extractable P in Incubated
Experiment.

Treatment
LIater-

Extractable
P

0.5 M H2SO4-
Extractable

P

rorãr Þ]-
Extracted

1 I{k Incubation

Control
MAP (only)
Urea + MAP

NH4C1 + MAP

KC1 + MAP

K2CO3 + MAP

5 Lrrk Incubation

Control
MAP (only)
Urea + MAP

NH4CI + MAP

KCl + MAP

K2CO3 + MAP

mg/column mg/column mg/column

93 + 0.5
L52+L
156+7
I53+2
L55+2
I57+2

93 + O.l
155+4
156+0
155+2
153+3
L57+I

1.1
3l-.1
37 .9
29.2
30.0
50. 9

0.022
0.5
2.8
0.1
0.5
1.1

92
T2L
118
]-23
125
106

0.5
0.5
4
1

0.5
0.5

0.8
3

2

2

3

I

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

1.1
20.8
33.3
I8.7
20.2
44.s

0. 04
0.8
1.8
0.7
0.1
0.1

92
]-34
123
]-37
133
113

+
+
+
+
+
+

Sum of vlater- and 0.5 M H2SO4-extractable P (fertilized soil columns
received 61- mg of P as MAP) .

Plus or minus figures indicate the range between the mean and the two
replicates.

addition of K2co3. Adding KC1 or NH4cl had very little effect on rhe

solubility of P.

After 1 wk of incubation, fertilizer p had diffused 3 to 4 cm from rhe

site of application (Figure 1) Differences in extent of fertilizer p

movement were sma1l.

síte of applicaÈion in

movement for the other

Water-extractable P was detected furthest from the

soil columns treated with K2C03 + MAp. Distance of

treatments decreased in the order: MAP (only), NH4C1

+ MAP, Kcl + MAP and urea + MAP. Differences in concentration of
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water-extractable P were quite large. The concentration of

water-extractable P in the control and beyond the MAP reaction zone of the

fertílized soil columns was extremely low and consistent. Therefore, one

can assume that the differences in concentration are due to differences in

the behavior of MAP and not due to the effect of the cosolute on soíl p.

For all treatments, Èhe concentration of water-extactable P was highest

near the application site. Comparing treatments, the concentration of

urater-extractable P throughout the MAP reaction zone was highest \^rith K2co3

+ MAP. The urea + MAP treatment also resulted in a high concentratÍon of

$rater-extractable P within 2 cm of the application site, but the

concentration dropped sharply beyond that distance. At a distance of 0 to

L.25 cm from the application site, the concencration of vrater-extractable p

in soil columns treated with KCl + MAP was slightly higher than in those

treated with NH4C1 + MAP or MAP (only), respectively. However, the ranking

among the latter three treatments vlas reversed at distances beyond 1.25 cm

from the application site.

The amount of water-extractable P in the fertilized soil columns after

5 wk of incubation l^7as less than after 1wk of incubation, but the ranking

of the treatments !¡as quite sÍmilar (Table 2). The amount of

vlater-extractable P recovered from the soil columns fertilized with MAp

increased 60t with the addition of urea and over 100t with rhe addítion of

K2c03. sorubilíty of P was not increased and may, have been decreased

slightly by the addirion of KCl or NH4C1 ro MAp.

After 5 wk of incubation, fertilizer P had apparently diffused 4 to 6

cm from the application site (Figure 2). Differences in extenr of

fertilizer P movement were generally similar to those after 1 wk of
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incubation but were less easily differentiated. Fertilizer P diffused

furthest with the K2CO3 + MAP and MAP (only) treatments. The extenr of

fertilizer P movement lras less with the other fertilizer treatments but no

obvious differences anong them were observed. The concentration of

lrater-extractable P was highest near the application site with urea + MAP.

However, the K2CO3 + MAP treatment resulted in concentrations of

lrater-extractable P higher than those of the urea + MAP treatment at

distances between 2 and 6 cm from the application site. The MAP (only) and

KCI + MAP treatments resulted in similar amounts of water-extractable P

but, as noted after 1 wk of incubaËion, the negative slope of the

concenËration profile was steeper for the KC1 + MAP treatment. The

concentration of r,¡ater-extractable P with NH4C1 + MAP did not appear to

exceed that of IÍAP (only) at any location in the soil columns.

Acid-Extractable P

Extraction with 0.5 ¡4 H2S04 removed any fertilízer P that remained in

the soil after the water extraction, resulting in similar totals of P

extracted for the various fertilizer treaËments and incubation periods

(Table 2).

The extent of fertilizer P movement as described by acid-extractable P

for the various treatments r,ras similar to that observed for

v¡ater-extractable P, although the higher concenLrations of acid-extractable

soil P made interpretation of the data more difficult (Figures 3, 4) .

For both incubation periods, the concentration of acid-extractable P

within L ox 2 cm of the application site lras lower when urea or K2CO3 vrere

added with MAP than when MAP was added alone, indÍcating less

hraLer-insoluble fertilizer P was retained at the applícatíon site. rn
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contrast, the profiles of acid-extractable P concentration of the oLher

treatments r{ere similar in shape and hierarchy to those of the r^¡ater

extraction. The peak concentration of extractable P and rate of decline

\'¡ith distance from the appiication site vrere greater with KCl + MAp than

with NH4CI + MAP or iyAp (only) .

Total (i,iater + Acid) Extractable p

As mentíoned previcusly, the total amount of P extracted with water

and 0.5 I'f H2s01, Ìa,as similar for alr fertiiized soil columns and

accounted for the rotal amount of p fertílízer added (Table 2).

Fertilizer P diffused furthesr in rhe K2co3 + I'lAp and MAp (only)

treatments for both íncubation periods (Figures 5, 6). This observation

was siinila-r co the obse::vetions made on the basis of the \rater-extractable

P concentrations.

After 1 wk of incubation the dÍstribution of total extractable p

itithin the fertiLLzer reactÍon zone varied substantially with the cosolute

addecì - Adding urea or K2CO3 to },f.AP resulted in P concentration profiles
which \,/ere concave to the origin for part of the distance from the

application site. The P distribution profiles for other treatmenrs,

including l{AP (only) were convex to the origin with a large proportion of
fertil-izer P retained near the application site. Although the

concentration of P with urea + MAP was the highest of any treatment at a

distance of 1.5 cm from the application síte, the concentration of p

dropped dramatically beyond .that point and was the lowest of any fertilized
treatment at a distance of 2.5 cm. The concentration of p at disÈances

greater than 2 cm from the application site was highest with K2co3 + MAp.
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During the 1 to 5 wk incubation period substantial amounts of

fertilizer P diffused from the application site in the soil columns treated

with urea + MAP or K2co3 + MAp. Total p concentrations near the

application site in the other soil columns v¡ere relatively similar for both

incubatíon periods. After 5 wk of incubation the P concentraËion 1^rich

urea + MAP was the highest of any treatment at a distance of 1.5 cm from

the applicati-on site, but at dlstances beyond 2 cm, the concentration with

K2co3 + MAP was highest. Beyond 3 cm from Ëhe applicarion site, Ehe p

concentration with urea + MAp was less than that with MAp (only).

I,Iater- Extractable NH4 -N

Most of the fertirizer N was stilt in the NH4 form afrer 1 wk of

incubation (Table 3). Adding KCl or NH4C1 rather than alkaline cosolures

Èo MAP resulted in somewhat higher amounts of water-extractable NH4-N. The

extent of NH4 movement varied between 3.5 and 8 cm from the application

site, distances that were considerabry greater than for p movement,

especially for treatments where NH4C1 or urea was added with MAp (Figure

7) ' The extent of NH4 movement from the application sÍte was greatest with

NH4cl + MAP and decreased in the order: urea + MAp, KCI + I'lAp, K2co3 + MAp

and MAP only for other treatments.

The highest concentraÈions of NH4-N occurred with NH4C1 + MAp followed

by urea + l'fAP. Differences in concentration of NH4-N among other

treatments were quite small although the addition of KCI with MAp resulEed

in slightly higher concenrrarions of NH4-N than wirh MAp (only), perhaps

due to some exchange wÍth soil-NH4 or reduced fixation of fertilizer-NH4.

Addíng K2c03 ro MAP appeared to enhance movement of NH4-N from the

applicatíon site, although the total amount of NH4-N extracted was sirnilar
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Table 3. Effects of Cosolutes Plus
Soil Columns - Diffusion

MAP on Extractable N in Incubated
Experiment.

Treatment
I.Iater-

Extractable
NH+-N

I.Iater -
Extractable
(N03+No2) -N

Total Lrlater - I
Extractable

N

mg/column rng/column mg/column

1 llk Incubation

Control
MAP (only)
Urea + MAP

NH4C1 + MAP

KCl + MAP
K2C03 + MAP

5 lfk fncubation

Control
MAP (only)
Urea + MAP

NH4C1 + MAP

KC1 + MAP

K2Co3 + MAP

2.7
23.8

191
2sr

34.3
22 .8

o.12
r.9
8

1

1.8
0.1

8.4
9.2
7.2
6.9
8.5
9.0

1.8
0.0
0.3
r.6
0.3
0.4

11
33

198
2s8
43
32

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+2
+2
+8
+1
TLir

8.6
22.8

100
]-92

20.9
12.4

4.0
1.8
3

1

0.5
2.2

Is.7
36.2
9s.3
64.0
34.s
28.3

0.1
2.2
3.0
0.2
0.5
1.0

24+4
59 + 0.5

195+5
256+I
55+1
41 +3

Sum of water-extractable NH4 plus (N03+N02)-N (ferrLlized
soil columns receÍved 25 mg of N as MAP. Soil columns treated wÍth
urea or NH4CI received an additional 240 mg of N).

Plus or minus figures indicate the range between the mean and the two
replicates.

to that with MAP (only)

Between the first and fifth v¡k of incubation the total amount of

water-extractable NH4-N extracted from Ëhe fertilized soil

declined, presumably due to nitrification (Table 3). The

occurred with urea + MAP and NH4C1 + MAP where the amounts

declined by approxirnately 50 and 25t, respectively during

wk of incubation.

columns

largest declines

of NH4 extracted

the additional 4
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The distribution of r,rater-extractable NH4-N in the soil columns

changed only slightly between I and 5 wk after trearment (Figure B). NHa

had diffused to the end of the soil columns with NH4C1 + ¡{Ap and 7.5 cm

from the application site with urea + MAP. The extent of NH4 diffusion

with other treatments vras quite similar to that after 1 wk of incubation.

Concentrations of water-extractable NH4-N near the application site of the

NH4C1 + MAP and urea + MAP treatments had declined over 50t. Genera1ly the

concentratíon of NH4 declined with increasing distance from the application

site. However, a small increase in concentration of NH4 was observed in

both replicates of the urea + MAP treatment, between 5 and 6 cm from the

application site.

Water-Extractable K

Soil columns treated with K2CO3 contained less water-extractable K

than soil columns treated with KCl for both incubation periods (Table 4).

In this regard, the behavior of K with respect to carrier is similar to

that of NH4. Less K or NH4 rvas extracted from soil columns where the

carrier Ì¡¡as or became an alkaline carbonate salt than where the carrier was

an acidic or neutral chloride sa1t. Comparing the effect of urea to that

of NH4CI one míght be tempted to attribute the difference in extractable

NH4 to ammonia volatilization. However, Èhe same behavior was noted with

extracËable K where K salts were applied. Considering this facE plus the

observation that the acid extraction accounted for most of the K in the

K2CO3 treatment which was not extracËable with water (Table 4), one must

conclude that applying alkaline rather than neutral or acid salts resulted

in stronger retention of NH4 and K by the soil.
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Table 4. Effeccs of Cosolutes Plus
Soil Columns - Diffusion

MAP on Extractable K in Incubated
Experiment.

Treatment
l.later-

Extractable
K

0.5 M H2S04-
Extractable

K

Total K

Extracted

nng/colunn mgrlcolumn mg/column

1 I+rk Incubation

Control
MAP (only)
Urea + MAP

NH4C1 + MAP

KCl + MAP

K2CO3 + MAP

5 llk Incubation

Control
MAP (only)
Urea + MAP

NH4CI + MAP

KCl + MAP

K2CO3 + MAP

11.6
13.9
16.8
L8.2

599
501

10.1
t2.6
L4 .6
22.3

s33
4t9

+
+
+
+
+
+

0.62
0.7
L.4
1.0
3

1,4

30.9 + 0. 9
26.5 + O.3
25.9 + 0.7
27.3 + 0.4

148 t9
2]-L +9

28.2 + 0.9
26.2 + 0.8
22.6 + 2.9
L6.l + 4.2

160 +2
280 +8

42.5 + 0.3
40.3 + 0.4
42.6 + 4.6
39.5 + 0.6

741 + 6

136 + 23

38.3 + 3 .2
38.8 + 3.4
37 .2 + 1.1
38.9 + 6.4

693 + 15
699 + 10

+
+

t
+
+
+

1.3
1.8
1.8
1.3

L]
2

Sum of vrater- plus 0.5 M H2SO4-extractable K (soil columns treated with
KC1 or K2CO3 received an additional 680 mg of K).

PIus or minus figures indieate the range between the mean and the two
replicates.

The distribution of water-extractable K in soil columns treated wich

KCl and K2CO3 was quite similar to the

NH4 in soil columns treated with NH4C1

10). K or NH4 added in the form of a

- lJ- I :- !L^ t^-- ^5Itlrtrngr LflaIt wltell auucu J.rl LllE lu!lu v!

distribution of v¡ater-extractable

or urea, respectively (Figures 7 to

chloride salt appeared to diffuse

,l Þl- ñ I l. o¡ ama a4 9V¡rrPVq¡¡U Lr¡ê u

it is likely that the alkalinecarbonate salt. As explained earlier,

compounds resulted in stronger retention of NH4 and K by the soil.
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Water- Exrracrable (N03tN0Z)

Srnall total amounts of (NO3+NO2) were extracted from the soil columns

after 1 wk of incubation (Table 3). No substantial differences among

treatments were observed. considering thaË a large quantity of NH4 was

added and subsequently extracted after l- wk of incubation, these data

índicate that very little nitrification of fertilizer N had taken place

during the first wk. However, the concentration profiles showed that the

local concentration of (NO3+NO2) varied within the soil columns (Figure

11). The concenrration of (NO3+NO2) near the apprication sire of the

fertilized soil columns was less than that of the control. Apparently the

high concentration of fertili-zer Ln this zone had severely restrícted

nitrification. Concentrations of (NO3+ NO2) in fertilized soil columns

increased above that of the control at distances of 2 to 8 cm from the site

of fertilizer application. It was also noted that (NO3+NO2) concentrarions

in fertilized soil columns was higher than that of the control at a

distance of approxÍmately 3 cm from the furthest extent of NH4 movement.

The rnaximum concentration of (NO3+NO2) occurred with K2CO3 + MAp, not with

urea + MAP or NH4cl + l'fAP. At the distal end of the soir column the

concentration of (N03+NO2) with NH4CI + MAP and KCl + l.{Ap appeared ro be

lower than with the control or other fertirizer treatments.

The total amount of (NO3+NO2) extracted from the soil columns

increased dramatically between 1 and 5 wk of incubation, primarily due to

nítrification (Table 3). The largest amount of (NO3+NO2) was exrracred

frorn the soil columns treated with urea + MAP and decreased in the order:

NH4CI + MAP, MAP (only), KCl + MAp, K2CO3 + MAp and rhe conrrol.
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After 5 wk of incubation, the distribution of (NO3+NO2) in the soil

columns was much different than after 1 wk (Figure 12). The maximum

concentration of (N03+NO2) occurred with urea + MAP followed by NH4CI +

MAP. The concentration of (NO3+NO2) in soil columns with K2CO3 + MAP was

generally lower than vrith any other fertilizer treatment. Also, peaks in

the concentration of (NO3+NO2) were much less defined and less consistent

than after 1 wk of incubation. The profile of (NO3+NO2) concentrarion with

urea + MAP was a broad curve, concave to the x-axis and peaked at 6 cm from

the application site. The profile for NH4cl + MAp \{as a relarively

straight line, increasing towards the distal end of the soil column.

Restricted nitrification of fertilizer N due to high concentrations of

ammonium salts near the application site was likely responsible for the

decline in concentration of (N03+NO2) towards the site of application of

urea or NH4C1. The difference in distribution of (NO3+NO2) between rhe

urea and NH4CI treatments may have been due to the more extensive movemenÈ

of NH4 in the case of the latter. The profile of (NO3+NO2) in soil columns

treated wíth MAP (only) rvas 'also a relaÈively straight line, but decreased

towards the distal end, similar to the dístríbution of vrater-extractabl-e

NH+.

pH of l.Iater Extracts

The pH of water extracts frour the soil columns after I wk of

incubation varied substantially with treatment (Figure 13). The pH of rhe

untreated soil columns v¡as approximately 8.5. Adding K2CO3 + MAp or urea +

MAP to the soil columns increased the pH lrithin 4 cm of the applicatÍon

site to 9.9 and 9.0, respectivery. rn contrast, the additíon of MAp

(only), NH4CI + MAP or KCI + MAP decreased Ëhe pH of exËracrs by as much as
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1.5 units below that of the control, presumably due to the acidity of MAp

and/or NH4c1, Ëhe salt effects of cosolutes and a localized zone of

nitrification at the distal end of the reaction zone. The effect of

f.erxlLizer treatment on pH extended approxinately the same distance as the

furthest movement of added NH4 or K.

After 5 wk of incubation, the pH differences among treatments vrere

greater than those observed after I wk (Figure 14). The pH of the

unÈreated soil columns vTas approximately 8.7. The only soil columns more

alkalíne than the untreated soil columns were those treated wíth K2CO3 +

MAP. All other treated soil columns, including those with urea + MAP, vrere

considerably more acidic than the untreated soí1 columns. The acidifying

effect of these fertilizer treatments excended further into the soil

columns than after 1 wk, presumably due to further diffusion of the

fertilizer and much more nitrification of added NH4. similar to the

results after 1 wk of incubation, the effect of fertilízer treatment on pH

extended as far as the furthest movement of added NH4 from the application

site, but slightly less than the furthest movement of added K.

Water-Extractable Mg and Ca

water-extractable Mg concentrations parallelled those for

water-extractable Ca, although concentratíons of Mg were much less than

concentrations of Ca (Appendix B). Since the behavior of these two ions

qras essentially the same, only the Ca data is discussed.

The amount of v¡aÈer-extracÈabie ca in che soil col-umns varied

inversely with the pH of the various soil columns (Table 5). Afrer 1 wk of

incubation, soil columns treated with K2CO3 + MAP or urea + MAP contained

the lowest amounts of water-extractable Ca, whereas the untreated soí}
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Table 5. Effects of Cosolutes plus MAP on Extractable Ca in Incubated Soil
Columns - Diffusion Experiment.

TreatmenÈ I,Iater- Extractable Ca

ng/column

Control
MAP (only)
Urea + MAP

NH4C1 + MAP

KCI + MAP
K2C03 + MAP

1 LIk
Incubation

LO2 + L7L
66+15
47+ 5

96+ 7
93+ 6

51 + 3

5 I,IK

Incubation

L24+4
L28+7
141+1
2I2+2
L9L+2
95+9

1 Plrr" or minus figures indicaEe the mean and the two replicates

columns and soif columns treated with NH4C1 + MAP or KCI + MAP contained

the greatest amount of water-extractable ca. The high pH and high

concentration of HC03 in the reaction zone of urea or K2co3 likely

decreased the solubí1ity of basic calcium compounds which may have been

present. The soil used in the soil column study contained no measurable

calcium carbonate. Therefore much of the extractable Ca must have come

from exchange sites. The displacement of Ca from exchange sites by added

salts caused less Ca to be extracted frorn soil columns treated with MAp

(only), than from those to which Kcl salt had been added, in spite of

similaritÍes in pH. Less Ca ÞJas extracted from soil columns treated with

i'ÍAP (oniy) chan from untreated soil columns, indicating that the degree to

which Ca remaíned soluble !¡as influenced not only by the varÍous cosolutes

added but also by rhe availabiliry of p.
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The dlstrlbutlon of !¡ater-extractable Ga wlthin the fertilized soil
columns afËer 1 wk also fllustrates the effects of the cosolutes added wirh

l{AP (Ffgure 15). Much less Ca was extracted fron the first 8 cm of soil
colu¡nns treated with K2CO3 or urea than frorn soil columns treated with

NH4CI or KCl' Peak concentrations of water-extractable Ca were observed at.

disÈances of 5 to 6 cm fron the applicatlon site. The peaks were

particularly obvious with the chloride salu treatmenÈs. Hor¡ever, the

reason for these peaks is uncertain. The peaks may be due to an

accumulatlon of ca displaced by dlffusíng NH4 or K, causing ca to be

"snowplowed" off exchange sites (olsen and Kemper 196g; cho 19g5). The

displaced ca, if at least slightly soluble, would have been partially
extractable with qtater, considering the large dilution effect of the l:20,
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soil:solution ratio used for extraction. Also, the peaks occur in a region

where nitrification, and therefore, acidífícation were also occurring.

Therefore it is uncertain whether the high concentrations of

wateï-extractable ca were due to displacement or to an íncrease in

solubility of Ca compounds in situ.

After 5 wk of incubation, the least amount of Ca eras extracted frorn

soíl columns treated with K2CO3 + MAP (Table 5). Soil columns treared wirh

K2C03 were also the only fertilized soil eolumns from which less Ca was

extracted than from those treated with MAP (only). The solubility of Ca

had increased dramatically between the first and fifth wk Ín soil columns

treated with urea + MAP, Iikely due to the decline in pH associatecl with

nitrifieation of the urea. This observation agrees with that of Isensee

and I'Ialsh (1972) who observed a similar increase in solubility of Ca durÍng

the incubation of soil columns treated with urea + monocalcium phosphate.

The distribution profiles of water-extractable Ca v¡ithin the soil

columns after 5 wk parallelled the observations made from the data on total

amount of Ca in the entire columns (data not shown). However, the profiles

\¡/ere considerably more erratic than after 1 wk of incubation and contained

no obvious peaks of r,¡ater-extractable Ca.

Discussion and Conclusions

The solubility of P in the MAP fertilizer reaction zone was increased

for both incubation periods ruhen urea or K2CO3 was added wíth IlAp. This

increase in solubility was likely due to reduced Ca activity and greater

anionic competition caused by high pH and high concentrations of HCO3 Ín

the fertilizer reaction zotte.
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Alkaline bicarbonate compounds are rvell known for their abílity to

solubilize P. For example, a conmon extractant for determining the

available P in alkaline soils is NaHCO3 solution, buffered at pH 8.5,

Jackson (l-958) attributed most of the increase in P solubility during

NaHCO3 extraction to a lowering of Ca activity, due Èo the effects of pH

and HCO3 (as a common ion) on the solubility of CaCO3. Increases, either

in pH or HC03 concentration, greatly increase the ability of NaHCO3 to

extract P from soil (Barrow L976). Barrow also noted that the

extractability of P from a soil treated with monocalcium phosphate was

ínversely proportional to the abÍlity of the extractant to displace calciun

(Barrow and Shaw 1979). The diffusion of NH4 or K and the high pH wirh rhe

urea or K2CO3 treatments extended well beyond the limíts of movement of P

fertilizer, allowing a Large portion of P fertí!ízer to remain water

soluble. As a result, there Ì¡Ias a strong, inverse relationship between the

Lotal amount of water-extractable Ca and the total amount of

!¡ater-extractable P for entire columns where MAP was added with a cosolute

(Figure 16). However, it should be noted that for alkaline carbonate

extractions, the reduced activity of Ca may not be the only factor which

enhances the solubility of P. There may also be significant competitive

anionic displacement of P by the HCO3 ion (Motr l-981).

Increases in P solubility upon adding K2CO3 have been observed before.

Das (1930) proposed the use of 18 K2co3 as an exrracting solution for

available P after finding that it <iissolved substantial quantities of P in

alkaline soils. Starostka and Hill (1955) reported that the solubility of

dicalcium phosphate was increased by K2C03 more than any other cosolute

tested. In fact, Jackson (1958) reported that the major fault with using
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K2CO3 as a P extractant !¡as that it dissolved too much of the alkali-

soluble P and was relatively insensitive to the availability of p to
plants. Am¡nonium bicarbonate, a compound which is likely to form upon the

hydrolysis of urea, has also been used to extract. P during soil testing
(Soltanpour and Schwab Lg77).

The practical implications of the results of the diffusion experimenr

are not clear. Normally one v¡ould expect that the increase in p solubilirl,

as a result of adding urea to the MAP reactlon zone o:ould benefit planc

growth' However, only one soil type was examined and the incubation period

was short relative to Ehe growing season of a crop. Because of Ëhe

eventual decline in pH of the urea + l,fAP reaction zone, one can surmise

thaË, eventually, the greaËer activity of calcium in a ni¡rified urea * MAp
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band may encourage greater retention of fertílizer p by the soil.

Experiments with other fertilizers have shown that the nitrification of

ammonir:m applied with P fertilizers does, indeed, eventually decrease the

uptake of fertílizer P by pranrs (Sprarr L973; Leikam er al. l9g3). And,

regarding the correlation between P solubilíty and P uptake by plants, one

must also consider that adding ammonium salts to P fertíli,zer may decrease

P solubility while still allowing plants to take up more p (Miller and Vij

L962).

rn addition, the implications of high ammoniacal N and hígh pH in

the reaction zone of urea + MAP, although positive with respect to chemical

availability of P, may be negative with respeet to root growth in the band.

These conditions are favourable to the generation of free ammonia which,

even at low concentrations, is toxic to roots (BenneLx Lg74).
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3.2 Elution Experiment

Most of the movement of P to plant roocs ís by dÍffusion rather than

mass flow. However, elution Èechniques are useful for studying the

movement and retenËion of p fertiii zer added to soil (cho et al. 1970) .

Therefore an elution experiment was conducted, using soil columns which

were treated with MAP plus various cosolutes and incubated for I or 5 wk,

similar to Ëhe diffusion experiment.

Experimental Procedures

The soil used in the elutíon experiment l¡as the same soil used in the

diffusion experiment (Table 1). Prior to use, the soil was air dried,

mixed and passed through a l rnm sieve. The soil columns \¡rere formed using

acrylic cylinders 15 cm long with an inside diameter of 2.54 cm. The

bottorn ends of the cylinders were fitted with perforated acrylic discs.

The cylinders were assembled by placing polyethylene mesh ("Spectramesh",

0.150 mm opening) and llhatman +42 filxer paper over top of the discs and

friction fitting the discs into the base of the cylinders.

The cylinders were then fílled to a 10 cm heíght wirh 67.5 g of dry

soil. A disc of filter paper, 2.5 cm in diameter was placed on top of the

soil column to protect the soil surface while 25 mL of water was added

slowly to the soil columns. After 5 min the soil columns were placed into

a humidified vacuum apparatus where 9 rnl. of lrater r4ras extracted, resultÍng

in a final water content of 23.7*. The colunns v¡ere incubated for 24 h in

a humidified chamber at 20oC before adding the ferti!ízer treatments

(Appendix A).

TreatmenÈs were símilar per unit of surface area to those in the

diffusion experiment. The tops of the acrylíc cylinders r¡¡ere covered with
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parafiln which was Ehen punctured with small holes Eo allow air exchange.

The soil columns were incubated in an upright position inside a hu¡nidified

chamber for 1 or 5 wk at 2ooc. Each treaÈEent was replicated twice.

After the incubation period the soil columns were eluted with

distilled v¡ater over a 45 h period. The surface of each column lras covered

with 5 rnm of moíst, washed sand and a filter paper disc to distribute the

\^rater and to protect Ëhe soil surface during elution. I.Iater was then

applied to the soil columns at a rate of 3 nL/h using an LKB 2132

Microperpex perisÈaltic pump. Eluate v¡as extracted from the soil columns

using a Masterflex 7553-10 pump (cole-parmer, chicago, rllinois). Eluare

fractions were collected on an hourly basis into preweÍghed test tubes

using an rnstrumentation specialties model 560 fraction collector.

Eluate sampres were weíghed and measured for pH. one mL of 1.0 M HCl

was then added to each sample to precipitate dissolved organic matter and

to maintain the solubility of eluted P. Samples of eluate were analysed

for Mg, Ca and K by atomic absorption and for P by an automated ascorbic

acid-molybdate brue method (Murphy and Riley ],962, Appendix A) . The

concentration of (N03+N02) - ¡l in the eluate was determined using an

automated procedure rnodified from Kamphake er al. (Lg67, Appendix A). NH4_N

was determined by modified Nessler merhod (Jackson 195g, Appendix A) .

The intervals between fractions irere recalculated in units of pore

volume' During the elution period there r.¡as some variabiliEy in flow rate
through the soil columns. Therefore the !¡aËer filled pore volume in each

soil column was estimated on an hourly basis assuming it would be 16 mL

plus or minus the net inflow or outflow of eluate measured in each fraction
collected. Although the absolute volume of water eluted through each soil
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column was similar, the differences in flow behaviour among the columns

resulted in differences in apparent total eluate volume when expressed as

pore voluues. Therefore all totals of eluted ions were adjusted to

describe the eluate accumulated after an equivalent of 6.8 pore volumes.

one day after elution, 1 cm sections of the soir corumn were

sequentially extracted v¡ith !¡ater and then 0.5 M NaHCO3 buffered at pH 8.5.

Both extractions were conducted for 30 min at 20oC, using a soil:solution

ratio of 1:20. The water extract was clarified by centrifugation. The

NaHCO3 extract was decolored by the additíon of 0.5 g prewashed charcoal

and filtered through Lrhatman #42 filter paper. Ilater extracts vrere

analysed for P using a manual ascorbic acid-molybdate blue method (Appendix

E). Sodium bicarbonate extracts were analysed for P using an automated

ascorbic acid-molybdate blue rnethod (Appendix A).

Results

Elution of P

The total amount of P eluted varied substantially with treatment, but

the results $lere quite different from those for the diffusion experiment

(Table 6). After 1 wk of incubation, the greatest amounË of P was eluted

from soil columns treated with K2CO3 + MAP, followed by those treated with

NH4CI + MAP, KCl + MAP, urea + MAP and I'ÍAP (only). This conrrasts wirh the

results of the diffusion experiment where the addition of KCl or NH4cl with

MAP had a negligible, if any, effect on the amount of water-extractable p

(Table 2).
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Table 6. Effects of Cosolutes PIus MAP on the Elurion of P from
Incubated Soil Coh¡mns.

Treatment P Elutedl Ca E1uted

1 lfk Incubation

Control
MAP (only)
Urea + MAP

NH4C1 + MAP

KCl + MAP

K2CO3 + MAP

5 llk Incubation

Control
MAP (only)
Urea + MAP

NH4CI + MAP

KCl + MAP

K2CO3 + MAP

0.02
5.22
s.88
9.62
8.29

10.43

0.012
0.0s
0. 16
o.L7
0.41
0.01

mg/column mg/column

3.62 + 0.24
7 .34 + 0.63
6.90 + 0.28

5]-.72 + 0. 19
35.17 + 3.75
L0.79 + I.92

4.28 + 0.01
9 .23 + 0.24

27 .I5 + 4.0
57.62 + 0.32
40.97 + 0.76
9.54 + 0.10

+
+
+
+
+
+

0
4.48
6.2s
7 .59
7 .02
6.84

0.06
0 .67
0.78
0.08
0.18

+
+
+
+
+

All quantities are based on amount of P eluted with an equivalent of 6.8
pore volumes of vlater (fertilized soil columns received 15.2 mg of P
as MAP).

Plus or minus figures indicate the range between the mean and the two
replicates.

After 5 wk of incubation, the greaËest amount of P was eluted from

soil columns treated with NH4cl + MAP, opposite to the results of the

diffusion sËudy where adding NH4c1 to I'IAP had resulred in rhe leasr

r.¡ater-extractable P of any fercilizer treatmenE. rn contrast to the

diffusion experiment, adding I,IAP with K2c03 or urea resulted in less

vrater-extractable P than wíth NH4C1. There was, however, considerable

variation between replicates of similar treatments, so the effect of the

various cosolutes r.¡as not distinguishable. Considerably less P, though,
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vras eluted from soil columns treated with I,IAP (only) . This contrasts with

the diffusion experiment r,¡here soil coltmns treated with MAp (only)

contained at least as much hrater-extractable P as those treated with NH4C1

+ MAP or KCI + MAP.

The elution profiles for P differed subsÈantiaIly for the various

fertilizer treatments (Figures 17 and 1-8). For both incubation periods,

the híghest peak in P concentration was observed with NH4C1 + I'ÍAP and

decreased in the order: KCI + MAP, K2co3 + MAP and MAp (only) which was

similar to urea + MAP. The position of concentration maxima for the

various treatments increased from approximately 1.5 to 4 pore volumes in

the same order. However, the position of the maximua concentration of P

¡.rith urea + MAP was much more retarded than with the other treatments. The

distinctively dispersed elution profile for P v¡ith the urea + MAP treatment

was surPrising. One would have expected the profile to resemble at least

one of the other treatments based upon the salt, NH4 or pH effect of the

added urea. The dispersed and retarded elution profile with urea + MAP

compared to that with MAP (only) might suggest that the addirion of urea

caused greater retention of MAP. However, more P was eventually eluted

from the soil columns where urea rras added with l,fAp. Therefore, it is

likely that although the addition of urea with l{AP had increased retenrion

of P, the degree of retention was moderate.
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Elution of Ca and Mg

Concentrations of Mg eluted from the various treaËments followed the

trends noted for Ca although the concentrations of Mg were much less than

those of Ca (Appendix C). Since the behavior of these two cations qras so

similar, only the elution of Ca is discussed.

Differences among treatments in the total amount of Ca extracted from

soil columns '$Iere much greater in the elutlon experiment than in the

diffusion experiment (Tables 5, 6) . It should be noted that the columns

used in the diffusion study contained four times as much soil as those used

in the elution exPeriment. In the diffusion experiment the amount of Ca

extracted from the soil columns treated with NH4C1 + MAp or KCI + MAp was

approximately twice that from columns treated rvith urea + MAp or K2CO3 +

MAP. In the eluÈion experiment the amount of Ca extracted from columns

treated with MAP plus NH4CI or KC1 vüas up to seven times as great as that
from columns treated with MAP plus urea or K2CO3. One reason for this is
the low urater content maintained during extraction by elution. By

comparison, the higher solution:soil ratio of the batch extraction Ín the

diffusion experiment increased the dissolution of ca compounds of

moderately low solubility in soil. This factor is likely responsible for
the 85t reduction in efficiency of extraction of Ca per g of soil for the

control Ëreatment when the soii was eluted rather Èhan extracEed by a batch

method. The large effect of cosolute on extracËable Ca in the elutíon
experiment was due arso to the elution process allowing ca which was

displaced by KC1 or NH4C1 to freely exit the soil columns. This allowed

considerably more Ca per g of soil to be eluted rather than batch extracted

from colunns created ¡.¡ith NH4cl or KCI and incubated for 1wk, for example.



60

The largest amount of Ca eluÈed from soil columns incubated for 1 wk

was from columns treated with NH4C1 + MAP followed by those treated with

KCl + MAP, K2CO3 + MAP, MAP (only), urea + MAP and the control. In

contrast, in the diffusion experimenË the K2co3 + MAP and urea + MAp

treatments resulted in the lowest amount of water-extractable Ca of all

treatments. Thus, it appears that pH was a less dominant factor

deternining the extractability of Ca in the elutíon study than in the

diffusion study. In contrast to the data obtained from the diffusion

experiment, no inverse relationship between Ca and P exLractable with v/ater

s¡as noted for data from the elution studies. There was no consistent

relationship between hrater-extractable Ca and P in the elution study. More

Ca and P were eluted from soíl columns Èreated with MAP plus NH4CI or KCI

than from those treated with ÌfAP added alone or with urea. However,

comparing the effect of K2CO3 to that with KCl, K2CO3 allowed considerably

more P to be eluted while allowing more Ca to be retained.

The elution profiles of ca for soil columns incubated for 1 wk

indicated that nearly all the eluted Ca was extracted before the P was

leaehed, with rnaximum concentrations consistently occurring within the

first pore volume followed by a decrease to low concenËrations ax L xo 2

pore volumes (Figure 19). This indicaËes that the highest concentration of

eluted Ca was already some distance arsay from the surface of the soil

column. The Ca had been in an exchangeable form which was displaced or

"snowplowed" by NH4 or K. The distribuËion pattern of the Ca concentration

profile was similar for all treatmenÈs. Therefore, the concentration

maxima reflected the ranking of the total amounts of Ca eluted for the

various treatments.
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Elution of Ca from soil columns which had been incubated. for 5 wk

revealed Èrends similar to those for the l- wk incubation, except that

substantially more Ca was eluted from columns treated with urea + MAP after

5 wk (Table 6). Presumably, the acidifying effect of nitrification was

responsible for an increase in solubility of Ca compounds in the soil.

The elutíon profiles of Ca for soil columns incubated for 5 wk were

generally similar to those after 1 wk of incubation (Figure 20). However,

the peak concentrations of Ca after 5 wk occured earlier in the elution

period and the peak concentration with urea + MAP was much greater than

after 1 wk.

Elution of NHz,. K. (NO3+NO2) and H

The maximum concentration of NH4 or K eluted from soil colurnns treated

with NH4C1 or KCI, respectively, occurred at 1 pore volume after 1 wk of

incubation and at 0.75 pore volume after 5 wk of incubatíon (Figures 21 to

24). These maxima occurred after those observed for Ca and before those

observed for P. Peak concentratíons ¡,¡ere much higher for NH4CI or KCl than

for urea or K2CO3. The greater mobility of the chloride salts compared to

theír alkaline counterparts qTas also observed in the diffusion experiment.

The displacement of Ca from the soil columns by the cosolutes added with

MAP was likely responsible for more P being extracted from all columns

treated with cosolutes than from columns treated with MAp (onry).

The <ieciine in i\Ï4 concentration between the firsÈ and fifth wk was

accompanied by a dramatic increase in (NO3+NO2) (Figures 25 anð. 26). As

expected, the (N03+No2) was elured within the first pore volume. The

amount of (NO3+N02) produced for the various treatments and incubations
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was similar to that observed in the diffusion experiment. Very little

nitrification of fercilizer N occurred during the first wk of íncubation.

After 5 wk of incubation, the greatest amount of (NO3+NO2) was eluted from

soil columns treated with urea * MAP, followed by those treate_d with NH4C1

+ MAP. Soil columns treated with MAP (only), KCI + MAP and K2CO3 + MAP

contained similar quantities of (NO3+N02).

Differences in pH ¡rnong treatments followed a pattern similar to that

observed ín the diffusion study (Figures 27 and 28). After 1 wk of

incubation, the eluate from soil columns treated with MAP plus K2CO3 or

urea vras considerably more alkaline than that from the control, whereas

eluate from columns treated with KCI + MAP, NH4cl + MAP or MAP (only) was

more acidic. After 5 wk of incubation, the only eluate more alkaline than

that for the control was that for K2CO3 + MAP. All other fertilized soil

columns including those treated with urea + MAP lrere more acidic than the

control. Presumably, nitrification resulted in the eluate from soil

columns treated with MAP plus urea or NH4CI being considerably more acidic

than those with MAP (only) or KCI + MAP.

Batch Extraction of Column Sections After Elution

The residual P extracted by water and NaHCO3 from eluted soil columns

I.Ias generally greatest for treatments that had resulted in the least P

extracted during elution (Table 7). As a result, the total amount of p

extracËed by water during the elution plus batch extractíons \¡¡as relatively

sinilar for all treatments.
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The concentration profiles of residual P extracted with water from

individual soil coltrmn sections r.rere generally parallel to those for the

NaHCO3 extraction. Thus the totals of the tqTo extractions are plotted

(Figures 29 and 30). The highest concentration of residual p was extracted

near the surface of soil columns treated r¿ith I,IAP (only) . The distributíon

profile of residual P in soil columns treated with NH4C1 + MAp or KCI + MAp

was similar in overall shape to Ëhose with ì,lAp (only) , except the

concentrations were lower. The distribution profile with K2CO3 + l,fAp was

much different than for other treatments. The concentration of extractabl_e

Table 7. Residuar P Extracted wíth l{ater rhen NaHCO3 from Eluted soil
Columns.

TreatmenÈ I^Jater -
Extractable P

NaHCO3 -
Extractable P

Total P

Extractedl

1 Ilk Incubation

Control
MAP (only)
Urea + MAP

NH4C1 + MAP
KCl + MAP
K2CO3 + MAP

5 llk Incubation

Control
MAP (only)
Urea + MAP
NH4C1 + MAP

KCl + MAP

K2CO3 + MAP

0. 16
3.01
3.86
1.98
r.96
2.30

0.012
0. 10
0.77
0.01
0. 13
0. 16

mg/column mg/column

0.32
2.75
2.LL
r.45
1.35
L.45

0. 10
0.29
0.23
0.03
0.02
0.02

0.47 + O.O7
3.30 + 0.31
1.76 + 0.01
1.91 + 0.03
2.31 + 0.15
2.40 + 0.05

mg/column

0.05 + 0.1
11.9 + 0.7
I2.7 + 0.7
13 .2 + 0.1
11.8 + 0.4
L4.5 + 0.1

+
+
+
+
I
+

+
+
+
+
+
+

+
+
+
+
+
+

0.L7
2.74
2.95
2.TL
2.44
3.59

0.0
0.L7
0.L7
0.01
0.02
0.L7

0.6 + 0.1
11.0 + 0.5
lL.4 + 0.2
11.9 + 0.7
L2.3 + 0.I
13.1 + 0.2

Includes rrater-extractable P eluted over entire 45 h elution period plus
P extracted with water and NaHCO3 from soil coltunns during baÈch
extractíons of sections of eluted columns.

Plus or minus figures índicate the range between the mean and the two
replicates.
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P was very low near the application site in soil columns treated with K2CO3

+ MAP wich maximum concentrations near the middle and towards the distal

end of the soil columns. Reasons for this distinctive behaviour are not

clear. The P concentraËion profiles observed in the diffusion experiment

(Sec. 3.1, Figures 1-6) reveal that the low concentration of residual P

near the application site was likely due to increased mobility of

fertilizer P. However, there is lítt1e inforuration from the diffusion

studies that would explain the increased concentrations of residual P at

the middle or end of the soil columns. A sinilar increase in the

concentration of P at the distal end. of soil columns \¡ras observed for urea

+ MAP (another alkaline treatment) when incubated for 1 wk. No such

increase t¡as observed after 5 wk of incubation in soil columns treated with

urea + MAP, perhaps due to nitrification having acidified the columns. One

possible explanation for this profile of residual P is Ëhat Ca may have

been excluded from the application site because of the diffusion of other

cations. The excluded Ca may then have precipitated as CaC03 in the middle

of the column. During elution this region may then have retained P in a

moderately soluble form which was solubilized during the subsequent batch

extractions with water and NaHCO3.

For both incubation periods there was a broad peak in the

concentration profile of residual P near the application site for soil

columns treated r^rith urea + MAP. There lras no indication of the reason for

the unique concenLration profile of resídual P for this treatmenÈ.
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Discussion and Conclusions

Results of the elution experiment were often quite different from

those of the diffusion experiment. Although Ëhere had been an inverse

relationship between water-extractable Ca and water-extractable P in the

diffusion studies, no such relationship occurred in the elutÍon studies.

Adding KCl or NH4C1 with MAP increased water-extractable Ca in borh

experiments and increased vrater-extractable P in the elution columns, but

did not increase wate.r-extractable P in the diffusion columns. In the

elution study, the Ca displaced by the KCl or NH4CI was quickly forced our

of the soil corumns, lessening P reËention during elution. rn the

diffusion study the displacement of Ca by KCl or NH4CI offered no such

advantage in terms of enhancing P solubility because the Ca had no means of

leaving the soil column. I,Iithout elution, much of the Ca displaced by the

chloride salts likely diffused back to its original posirion (Cho 1985).

Under the conditions for the diffusion study alkaline cosolutes added with

MAP resulted in the most $/ater-extracÈable P, like1y due to their low pH

reducing the activity of Ca r,rithin the confined system.

The conditions selected for the elution experiment \¡/ere not very

representative of soil in the field where a fertilizer band ís unlikely to

encounÈer a continuous leaching event. The diffusion studies are likely

somer¿hat more useful for estimatíng the chemical availability of a dual

band of urea + MAP under field conditions.

However, iË is importanL io remember chat chemicai avaitability,

alone, is not the sole factor ínfruencing the plant uptake of p from

localized placements of P with other fertilizers (Blanchar and Caldwell

1966b) .



/z

3.3 Initial N and P Placement Studl¡

The dístance betv¡een plants and P fertilizer in preplant dual NP bands

is variable. In instances where the distance between the seed row and

fertilizer band is great, young seedlings are less 1ike1y to initiate

utilization of fertilizer P as soon as where the P is applied in or near

the seed row. Also, the utilization of fertilizer P applied far from the

seed row rnay be reduced because the root density away from the crown is not

as great as that near the cror{Tl. The distance factor is especially great

when there is a wide spacing between preplant bands (A1ston 1980; ì,laxwell

et a1. 1984).

The addition of ammonium-N to P fertilizer bands often increases

fertilizer P uptake (Miller I974). This "ammonium-ion effect" may

counteract the negative influence of the distance factor. Monoammonium

phosphate (MAP), the most common P fertíIizer in l.Iestern Canada, has an

ammonium-N:P205 ratio of 1:5. This ratio is near the optimum 1:4 suggested

by Miller and Ohlrogge (1977) but much less than the 1.5:1 ratio ar which

Rennie and Soper (1958) found urea sÈimulated MAP uptake early in the

growing season.

A growth chamber study was conducted in 1981 to examine the influence

of urea and distance between the P band and the seed row on the uptake of

MAP by spring wheat. 15¡l was used to label the urea and 32p was used to

label the MAP. Large soil containers were used to allow bands to be placed

G^- f--- ¡L^ --^) ----- --l a- - ---1 -- ---rar lÍom Er-rê SÊÊG ¡:o-e¡ ar-ic Eo more neafiy fePfesenc trelci conditions, such

as minimized root confinement and increased time intervals between

waterings which reduced leaching of fertilizer bands. A soí1 with a

typical, but moderately low concentration of available P l¡as selected for
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the experiment. Although soils extremely low in P provide a greater yield

response to added P, unusually low p soírs also provide an atypicar

advantage for near-row P placement (peterson et al. 1991).

Experimental Procedures

The soil used in this experiment was obtained from the Ap horizon of a

Gleyed Rego Black chernozemic loamy fine sand, Ilillorvcrest series,

collected near Carman, Manitoba, Ni^/ 25-5-5 i^71 (Table 8). prÍor to use the

soil was air dried, mixed and passed through a 10 mm sieve.

Large wooden boxes (45x25x28cm deep) Iined with polyerhylene bags were

used as soíl containers (Figure 31) . Each box contained 36 kg soil, 25 cm

deep. The soil was placed in the boxes in layers according to the depth at

whÍch the N and P bands vrere to be applÍed. The appropriate depth of soil,

either 17.5 or 20 cm, !^¡as added to the box and moistened prior to applying

the fertiLízer bands.

The fertilízer treatments consisted of a control with urea only and

eight placements of urea and MAP applÍed in bands at rates of 0.92 g N/box

(80 kg N/ha) and 0.23 g P/box (20 kg p/ha). The ferririzer bands !/ere

placed across the shorter dimension of the boxes. Therefore, the

concentration of N and P fertilizer vtas equivalent to that of bands placed

at 45 cm spacings. Nitrogen application was equalized in aII treatments to

account for the N added as MAP. MAP was placed in one of four positions

relative to the seed row:

(1) 2.5 cm below and 2.5 cm beside

(2) 7.5 cm below and 2.5 cm beside

(3) 7.5 cm below and 7.5 cm beside

(4) 7.5 cm below and 12.5 cm beside
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Table 8.

pH (1:1, soil:waÈer)

NaHCO3-extracCable P

NO3 -N

NH4Ac-extractable K

SOr. - S

Carbonates

TexÈure

t water, field capacity

Some Properties of the Soil
P PlacernenË Study

Used in the Inirial N and

6.4

L2.2 ng/kg

L0.6 ng/kg

34.5 ng/kg

2 
^g/ke

none detected

loarny fine sand

25*

l'.túsæda.*>-fertitizer

ffi

Figure 31. Orientation of fertilizer band and seed row for initial
N and P study.
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Urea was placed either with MAP in the same band (dual band) or separate

from the MAP on the opposite side of the seed row (separate band). I{here

urea and MAP were placed separately, the bands \¡¡ere an equal distance from

the seed row. There vrere three replieates of each treatment. Urea and MAP

were each applied in 10 mL of solution pipetted onto the soil. Llhere dual

bands were placed, the urea solution was applied first, followed by l"fAP.

The MAP solution consisted of reagent grade MAP dissolved in distilled

Í7ater and was labelled with 74 knq H332fO4/nL. The urea solution contained

2.06t. atom percent exces" 15t1, prepared from reagent grade urea, distilled

r¡¡ater and 50 atom percent exces" 15N-rrr.". After the bands were placed,

the top layer of soil was added and moistened to field capacity. Sulphur

was applied to all treatments at a rate of 30 kg so4 -s/ha in the form of

K2S04 broadcast onto the soil surface prior to watering.

One d after banding the fertiLízer, 20 seeds of spring wheat (Triricum

aestiwum cv. Neepawa) were planted in a row 2.5 cm below the soil surface

perpendicular to the midpoint of the length of the box (Figure 31). The

boxes vrere arranged in randomized complete blocks on growth benches and

rotated weekly. Lighting v,¡as from a mixture of fluorescent and

incandescent lamps giving an average intensity of 350 ¡Em-2s-r ax the top

of the canopy (measured with a Licor Lr-1858 Quantum meter and e4027

Quantum sensor). Dayrength was 16 h. Day and nighc air temperatures

averaged 25oc and 18oc, respectively. The plant stand was thinned to 12

plants per box 4 d after emergence. The soil was rvatered to field capacity

once Per wk in the initial stages of growth and twice per wk near the end

of the experiment.
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Radioactive phosphorus intensity in the plants was monitored duríng

the first 6 r¡k of plant growth using a handheld Nuclear Chicago 2652 survey

meter with an end-window Geiger-Mueller probe. The probe was moved

steadily back and forth along the row of plants, taking care to survey the

boxes consistently and to estimate the a'verage intensity from the analog

meter. In vivo readings were corrected for radioactive decay.

Quantitative estimates of fertilizer phosphorus uptake v/ere not obtained

using this method due to such problems as varíable geometry and biological

dilution. However, especially for measuring differences between treatments

in the juvenile plant stages, this simple, non-destructive technique

provided a useful, semí-quantitative estimate of 32P upcake.

The shoot portion of plants was harvested 58 d after emergence when

the wheat was fully headed. Sarnples were dried at 70oC, weighed and

ground. Subsamples to be analysed for total and fertil-í-zer phosphorus r¡rere

wet-ashed using a nítric-perchloric acid mixture, (Appendix D). Total P

concenürations in the digests v¡ere determined using the ascorbic

acid-molybdate blue method (Appendix E, Murphy and Riley (1962)).

Fertilizer P contents of digests were determined directly using the

Cerenkov counting method and a Beckman 7500 liquid scintí1lation counter.

Correction for differences in counting efficiency between samples was made

using a modification of the sample channels ratio procedure provided in the

data reduction accessory of the scintillation counÈer (Appendix F).

Subsanples ltere also analysed for toËal and fertilizer N content using a

modified Kjeldahl procedure (Appendix G) and a VG-Micromass 602C mass

spectrometer (Cho and Sakdinan 1978).
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Stetistlcal analyses ltere performed uslng Èhe AìIOVA procedures of the

Statistical Analysis System (SAS 1982).

Results and Discussion

ÞlAP Uptake During Gro!¡th

rn vivo monitoring of the 32p írrt"ositfes reveared thaÈ plants

contained fertilfzer P on the day of energence where urea and l,fAp were

placed separately and near the seed row (Figure 32). The uptake of

fertilizer P was delayed for at least I wk in all other treamenÈs. The

delay fn P uptake was slightly greater for dual NP bands than for separaËe

NP bands when the P bands were placed away from the seed row. Distance

between the plants and fertilizer band was the likely cause of delayed MAp

uptake from the urea and MAP bands placed separaEely. However, for dual

bands placed near the seed rors the delay in uptake of MAP ¡vas most likely
due to ammonia from the urea preventing root penetration into the dual

bands (Figure 33). Delayed P uptake from dual bands placed far from the

seed row was likely due to a combination of ammonia toxiciLy in the bands

and the distance between the fertilizer band and Èhe seed row.

Although the shoots showed no visible signs of anmonia Èoxicity, Ehe

roots were likely impaired by an incipient ammonia toxiciÈy (Benne tE Ig74) .

BenneÈt noted that the rooÈ Lip is especially sensitive Èo ferÈilízer
toxiciÈ1es because it is the most physiological-ly active part of the plant.

Urea bands contain not only hlgh concentraÈions of.ammoniacal nltrogen,

they also contain a large proportíon of N ln the form of ammonia ínstead of

ammonium because of the initially high pH of the band. The chreshold

concentration of aqueous ammonía that is toxic to root growth is only 0.15
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mM and 6 nM has been found Ëo be lethal (Bennett L974). Concentrations

within the bands almost certainly exceeded those leveIs. Laboratory

studies using a soil type and fertilizer concentrations similar to those of

this growth chamber study indicated that ammonia plus NH¿'-N concentrations

in the band were in excess of 2000 ng/kg of soí1 and the pH of the water

extract was approxirnately 9 (section 3.1). At a pH of 9, approxímately 40

percent of this nítrogen would be in the forn of ammonia (Court et a1.

L964). Thus, the concentration of amrnonia in the band could have been

approximately 250 mM, assuming a moisture content of 257 in the soil.

Although roots may not have penetrated the interior of the urea band, roots

may have gror,rrt normally in the bulk soil and, in fact, may have

proliferated around the periphery of the band (Passioura and Wetselaar

L972). Hence, the toxicity of ammonia which may have prevented root grovrth

into the fertilizer band need not have resulted in any obvious syrnptoms on

the shoot portion of the plants.

Ammonia toxicíty is most likely to occur v¡hen ammoniaeal fertílizers

such as urea are confined to a small volume, such as in widely spaced bands

(Ifetselaar et al. L972) and when it is applied immediately prior to

planting (Colliver and Ilelch I97O) such as in this experimenr. Ammonia

toxicity is also most likely to occur on soils v¡ith 1o\,¡ clay and organic

matter content (Nyborg ]-96L; Allred and ohlrogge L964; Toews and soper

1978), characteristics that also describe the soil used in this experiment.

The release of free ammonia is also more likely when the soil contains free

lirne and/or the pH is alkaline (Allred and Ohlro gge L964; Fenn and Kissell

1973). Although the laËter characteristics do not pertain to the soil used

in this experiment, the low buffering capacity of rhis soil would Iikely
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allow the fertilizer reaction zone to be very alkaline.

The adverse effecË of urea on early uptake of fertilizet p was also

observed by Liegel and l,Ialsh (1975), using banded urea ammonium

pol¡rphosphate. Urea toxícity was also likely responsible for the poor

performance of superphosphate placed \tixh 264 kg of ureaþa ín experíments

conducted by Starostka and HílI (1-955). Salt toxicity to roor growth has

also been observed in very highly concentrated bands of ammonium chloride

plus monocalcium phosphare (Blanchar and caldwell 1966b).

Rapid uptake of 32p from dual bands followed. rhe initial delay period

(Figure 32). After 30 to 40 d of growth, ferrilizer p uprake from rhe all

dual bands equalled or exceeded fertíLízer P uptake from the separately

banded MAP nearest the seed and was much superior to that from separately

banded MAP further from the seed row. placing urea with MAp did not

increase MAP uptake substantially when the MAP was banded near the seed

ro!/. Minor delays in phenologÍcal development vrere noted for treatments in

which fertilizer P uptake rrras delayed.

The lag in fertilízer P uptake followed by the very rapid uptake of

fertilizer P from dual bands has been observed previously. Duncan and

ohlrogge (L957) noted that urea did not enhance ferrilizer p uprake in rhe

first 10 d after emergence but enhanced fertilizer p uptake greatly

thereafter. The Ínteraction between band position and the uptake of p from

dual bands compared to separate bands has also been observed previously.

Werkhoven and Miller (1960) observed that placing phosphare ferrl:-¡,zer

bands further from the seed row decreased fertilizer p uptake by

sugarbeeÈs, except when ammonium nitrate u/as banded with the phosphate.

Maxwell et al. (1984) observed uptake of p from ammonium polyphosphare
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plus anmonia bands was equal at lateral distances of 0, 10 and 20 cm from

the seed row in winter wheat gror^rn f.or 44 d.

Final harvest.

Dry matter yie1d, at final harvest, lras not increased significantly by

P fertilizaLíon, despite a visible response Ëo P fertilization at the

tíllering stage of growth (Table 9). Yield responses to P have been

observed using this soil in other field and growth chamber experíments.

However, in this study the soil temperatures v¿ere considerably higher than

those typical for the field and the soil to plant ratio was much higher

than those typically used ín other growth chamber experiments.

Sígnificant differences in fertilízer P uptake were observed among MAP

placement methods. Scintillation counting of digested samples indicated

trends sirnilar to those observed by surveying for 32p irrt".,sity with the

hand held GM meter. This shows that the in vivo monitoring vias a

reasonably accurate method of assessing fertilizer P uptake at the seedling

stage. Uptake of fertilizer P was significantly less when the dístance

between the seed row and the separate MAP band was increased from 2.5 cm

below and beside the seed to 7.5 cm below and I2.5 cm besíde the seed. In

contrast, the uptake of MAP from the dual bands was relatively similar

regardless of distance from Ëhe seed row and was not significantly

different from the amount taken up from separate lfAP bands 2.5 cm below and

beside the seed row. It is not known why the presence of urea in MAP bands

enhanced the uptake of ferti-li'zer P from dual bands placed further from the

seed row. The availability of MAP may have been improved chemically by the

urea in a manner similar to that observed in the diffusion studies (section

3.1) . The availability of the MAP rnay also have been ímproved by
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Table 9. Effects of Urea
Uptake by Spring

and MAP Placement
Wheat Grown in a

on Growth and Fertilizer
Growth Chamber.

Placement of P,
Below and Beside

Seed

Dry
Matter
Yield

Fertilizer Total Fertilízer Total
PPNN

Uptake Uptake Uptake Uptake

Urea and MAP Banded Separatell¡ (Separate Bands)

cmxcm

Control (N onlv)

2.5 x 2.5
7.5 x 2.5
7.5 x 7.5
1.5 x L2.5

2.5 x 2.5
7.5 x 2.5
7.5x7.5
7 .5 x L2.5

Pr)F

E/box

44.8

48.4
45.8
45 .0
49 .5

mgþox

51. 5A
40. 58
33.sC
36.78C

mgþox

12081

158A
156A
150A
162A

mg/box

T66C

227 A
188A8
1858C
1BlBC

199ABC
2O5AB
2O5AB
2O6A8

0. 04

mg/box

]-220

1310
12s0
L230
13 30

Urea and MAP Banded Together (Dual Bands)

46.s
46.0
46.0
46.s

0. 51

54.0A
53.1A
55.8A
52.1A

0. 0001

160A
165A
154A
L52A

0.0007

tzt0
r250
L230
L240

0.52

1 Mu"rr" followed by the same letter are not significantly different
according to Duncan's Multiple Range Test, alpha : .05.

physiological acidification of the rhizosphere during ammonium uptake

(Miller et al. 1970) or by increased root proliferation in a zone enriched

with both N and P (Duncan and Ohlrogge 1958a; Drew Ig75).

Total P uptake was increased as a result of applying fertilízer P, but

no significant differences in total P uptake among MAP placements v¡ere

observed. The substantial differences in fertilízer P uptake among P

treatments were counterbalanced by differences in soil P uptake. This

observation is similar Èo that observed in N-P interaction experiments with
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corn growrl on high P soils (Miller and Ohlrogge 1958). Ir is likely thar

the plants, with access to moderaEe supplies of soir p, were able to

regulate their intake of P in accordance with their internal p sratus

(Lefebvre and Glass L982). rt is doubrfur, though, whether this sorr of

comPensation would have occurred if the plants had been grown in soils more

deficient ín available P.

No significant differences in total N uptake were observed. The small

differences in fertilizer N uptake that were observed followed a pattern

similar to differences in fertilizer P uptake. However, the dífferences in
fertilizer N uptake among tïeatments viere relatÍvely small- compared to

those for fertilízer p.

Conclus ions

Uptake of fertilizer P from separate MAP bands and dual MAp-urea

bands was delayed by approximately 7 d when MAP was placed at a distance

greater than 2.5 cm below and beside the seed. However, lh" presence of
urea in duar bands also derayed uptake of fertil ízer p, probably as a

result of ammonia toxicity. Although the evidence of ammonia toxicity is
indirect, the literature surveyed indicated ammonia toxiciEy problems in
fertilizer bands is likely Lo be most pronounced when the fertilizers are

banded imrnediately before seeding and where wide spacings between bands

Íncrease the fertilízet concentration in each band. There Tdas no effect of
delayed uptake of fercilízer P on dry matter yield in this study. However,

no significant yield increase was obtained due to any method of apprying p

fertilízer. It is not known whether or not delays in p uprake during che

seedling stage would significantly reduce yields on soils responsive to p

application.
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The rate of uptake of fertilízer P and total amount of fertilizer P

utilized decreased with increases in distance between the seed row and MAP

band when the MAP and urea were banded separately. In contrast, uptake of

fertilizer P from dual bands was relatively similar regardless of dístance

from the seed row and v¡as equivalent to the highest for the separate MAP

placements. The reasons for this large enhancement of fer:-il-ízer P uptake

from dual bands were unclear.

In summary, the ratío of N:P205 for optimum uptake of fertilizer p

appears to vary with band placement relative to the seed row. Ratios

greater than 1:4 suggested by Miller and Ohlrogge (1977) may offer

advantages when MAP is banded at considerable distances from the seed rorv

príor to planting.



85

3.4 Optimum Urea Concentration Stud.r¡

In the initial N and P placement study Èhe ratio of N:P2O5 for optimum

uptake of fertilizer P appeared to vary with the position of the band

relative to the seed row. Adding urea to the MAP band greatly enhanced

fertilizer P uptake when MAP was banded far from the seed row. However,

uptake of fertilizer P was also delayed by the presence of urea in the

band, probably as a result of ineipient ammonia toxicity deraying

penetratíon of the root into the dual band.

The purpose of the second growth chamber experiment was to examine the

influence of different concentrations of urea in the MAP band on uptake of

fertilizer P, attempting to achieve the greatest urea-induced enhancement

of P uptake with the least amount of urea-induced delay of p uptake.

Similar to the first experiment, Iarge soil containers and a soil

moderately low in available P were used in an atËempt to represent typícal

field conditions.

Experimental Procedures

The soil used for this experiment was obtained from the Ap horizon of

a Greyed Rego Black chernozemic loamy fine sand, willowcresL seríes,

collected near Graysville, Manitoba, sE 24-7-6 ltI (Table 10). prior ro

use, the soil was air-dried, mixed and passed through a 10 mm sieve. A

basal application of 200 mg K, 90 mg s, 10 mg cu and 10 mg zn/kg soíl was

applied to the soil. These nutrients were applied as an aerosor of

dissolved sulfate sarts and thoroughly mixed into the soir.

Large wooden boxes (45x25x28 cm deep) lined with polyerhylene bags were

used as soil containers. Each box contained 36 kg soil, 23 cm deep.
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Table 10. Some Properties of the Soil Used in the Optímum Urea
Concentration Growth Chamber Experiment

pH (1:1, soil:waÈer) 7.8

NaHCO3-extractable P lO ng/kg

No3 -N 5 ng/kg

NH4Ac-exüractable K 90 ng/kg

S04-S L ng/kg

Carbonates none detected

Texture loamy fine sand

8 v/ater, field capacity 23 Z

The soil and fertíIizer bands were added to the soil in a procedure similar

to that in the initial N and P placement study.

Treatments íncluded a conLrol with urea only and eight placements of

urea and MAP applied in bands at rates of 0.92 g Nþox (80 kg N/ha) and

0.23 g Pþox (20kg P/ha). N application was equalized in aII treatments to

account for N added as MAP. MAP was placed either 2.5 cm below and 2.5 cm

beside ot 7.5 cm below and 7.5 crn beside the seed row. The proportion of

urea applied in the MAP band r+as either 0, 33, 66 or l-00t of the Ëota1

applied. The remainder of the urea was applied in a band on the opposite

side of the seed ro\,r at an equal distance. The fertilizer bands v¡ere

placed across the narrower (25 cm) dimension of the boxes, resultÍng in a

concentration of fertilizer in the bands equivalent to that of bands

applied at 45 cm spacings. There were three replicates of each treatment.

The ìlAP and the total complement of urea were each applied in 10 mL of
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solution pipetted onto the soil. Ilhere urea and MAP were applied in the

same band, the urea solution was applied first, followed by MAP. The urea

solution consisted of reagent grade urea dissolved in distilled water. The

MAP solution consisËed of reagent grade MAP dissolved in distilled vrater

and was labelled r^¡ith 148 knq H332fO4/rrrL. The band zone \ras then covered

with the top layer of soil, which was then watered to field capacity.

One d after banding the fertiLízer, 15 seeds of spring wheat (TritÍcum

aestivum cv. Neepawa) were planted in a row 2.5 cm below the soil surface,

perpendicular to the midpoint of the length of the box. The boxes were

arranged in randomized complete blocks on growth benches and rotated

weekly. Lighting \¡Ias from a mixture of incandescent and fluorescent lamps

gíving an average intensity of 350¡Em-2s-1 at the top of the canopy

(measured with a Licor LI-185 B Quantum meter and. Q4027 Quantum sensor).

Daylength was 16 h. Day and night temperatures averaged 25oc and 18oc,

respectively.

The plant stand was thinned to 10

The soil was watered to field capacity

growth and twice per wk thereafter.

plants per box 6 d after emergence.

once per wk in the initÍal stages of

Radioactive P intensity in the plants was monitored in the plants

during the first 6 wk of growth using a method similar to rhat in the

initial N and P placement study.

The shoot portion of the plants was harvested 61 d after emergence

when the l¡heat was fully headed. Harvest procedures, sample handling,

tissue analyses for toËal and fertil-izer P and statístical analyses \¡rere

similar Ëo those outlined for the initial N and P placement experiment.
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Results and Discussion

MAP Uptake During Growrh

In vivo monitoring of 32p intensities revealed trends that were

simíIar to those observed in the initial N and P plaeement experiment. The

enhancement of f,ertll-izer P uptake by adding urea to MAp bands r¡as

relatively 1-atge when bands were placed far from the seed row, but not when

placed close to the seed row. Uptake of fertilizer P commenced at time of

emergence where MAP was banded without urea 2.5 cm below and beside the

seed row (Figure 34). urea in the MAP band delayed the uptake of

fertilizer P banded near the seed row by 3 or 4 ð,, considerably less than

in the initial experiment. After the initial delay in fertilizer p uptake,

rate of uptake of fertilízer P from dual bands was rapid and accumulations

became similar to that from separate bands applied near the seed row.

Placing the MAP bands 7.5 cm below and beside the seed row delayed

uptake of fertilízer P until approximately 6 to 9 d after emergence. The

delay ín P uptake increased with amounts of urea placed in the dual band

(Fígure 35). After 17 d of plant growth, urea in the MAP band enhanced

uptake of fertilizer P from the bands placed 7.5 cm below and beside the

seed. Placing 47 kgþa of urea-N in the MAP band 7.5 cm below and beside

the seed ro\¡r aPPeared to al1ow optimum uptake of fertil i.zer P; the delay in

fertilízer P uptake was brief and 32p intensiries were high. Adding 23

kg/ïr^ of urea-N did not enhance fertilizer p uptake as much as higher

rates. After 4 wk of growth the uptake from all dual band placements in

which 47 ot 70 kgþa of urea-N was added r.¡as at least as great as that from

MAP bands placed 2.5 cn below and beside the seed row.
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Final Harvest

Dry matter yíeld, at the fully headed stage, r¡¡as not increased

significantly by adding P fertilizer, despite a visible response to P at

the tillering stage (Table 11). Although the soil used ín this experímenr

l¡as different from that used in the initial N and P placement experiment,

similar problems slere encountered. Crops responded to P fertilization of

this soil- in the field, but there was a P response only in early stages of

grotTth in the growth chamber using the large soil containers.

Total P uptake was al-so not increased significantly by adding p

fertilizer.

The average efficíency of fertilizer P uptake \¡¡as zLz of that applied.

Fertilizer P uptake r.tas influenced significantly by the concentration of

urea in the MAP band and distance of the MAP band from the seed row.

Fertilízer P uptake from separate MAP and urea bands v/as greatest for MAP

placed 2.5 cm belo¡+ and beside the seed, which was sÍgnifícantly greater

than that for MAP and urea banded separately, 7.5 cin below and beside the

seed row. Urea in the dual bands enhanced uptake of fertilizer P from MAP

bands placed 7.5 cm below and beside the seed row but the degree of

enhancement varíed according to the proportion of urea placed in the band.

This interaction between band position and amount of urea in the fertilizer

band was statistically significant (F-test value of 0.025 according to

ANovA). MAP uptake was highesr from bands rhar conrained 47 kg/ha of

urea-N, whether Ëhose bands I¡Iere near or far from the seed row. Although

the increase in P uptake from duar bands lras not statisticarly

significant when bands were placed 2.5 cm below and beside the seed row,



9I

Table 11 Effects of Urea Concentration
Growth and P Uptake by Spring
Chamber.

in the MAP Band on
LIheat ín a Growth

Urea-N in
the MAP Band

Dry Matter
YieId

Fertilizer
P Uptake

TotaI
P Uptake

ke/ha

@-ie@
Eþox

72

ngþox

0

mgþox

3s8

MAP Banded 2.5 cm Below and 2.5 cm Beside the Seerl

MAP Banded 7.5 cm Below and 7.5

48.381
47 .OB
51.98
48 .48

cm Beside the Seeri

0
23
47
70

0
23
47
70

Pr)F

76
7I
74
7L

0.77

40.4C
46.IBC
58.8A
s0. 3B

0.002

387
363
379
344

388
373
373
337

0.59

74
74
77
69

1 M..n, followed by the same letter are not significantly
different according to LSD comparison, alpha : .05.

the increase was significant T,rhen bands were placed 7.5 cm below and beside

the seed row. This interaction between N:P ratios and placement may help

explain why dífferent oPtimum N:P ratios have been cited in the lÍterature

(Rennie and soper 1958; Duncan and ohlrogge 1-958b; Mirler and ohlrogge

Le77>.

The uptake of soil P was suffírient to offset any differences in

fertllizer P uptake, resulËing ín no significant differences in total p

uptake among differenÈ MAP application methods.
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Conclusions

The optiroun urea concentration study confirmed several observations

made during the initial N and P placement study. Less fertiLizer P was

taken up from MAP bands as distance between the seed row and fertiLízer

band increased except for treatments where a substantial amount of urea r¡/as

placed in the MAP band. The effect of urea on fertilizer P uptake varied

wíth distance between the dual band and the seed row. Although adding urea

to the MAP band increased uptake of fertilizer P only slightly when the MAP

was banded 2.5 cm below and beside the seed row, it increased fertilizer P

uptake subsËantially when MAP was banded 7.5 cm below and beside the seed

ro\,7. Urea in dual bands also delayed fertilizer P uptake, especially with

70 kgþa of urea-N in the dual band. These observations reinforce the

concept that the optimum concentration of ammonium-N in a dual band varies

with the likelihood of urea toxicity and the position of the band relative

to the seed row

In this and the initial N and P placement experiment the ferti.Lizer

bands were applied to a coarse Èextured soil, irnmediately prior to planting

and at concentrations equivalent to band spacings of 45 cm, conditions

which are conducive to ammonia toxícity. AIso, the plants vüere not

harvested at maturity in either experíment. Thus, the observations from

the first tvlo grostth chamber experiments do not have clear implications

with respect to the effect of dual banding on yield of grain under typical

field conditions.
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3.5 Urea Detoxification Study

The previous grovlth chamber experiments showed that fertiLízer p

uptake was enhanced when urea r.ras added to MAP bands placed far from the

seed, but the quantity of urea required to achieve this enhancement also

delayed fertilizer P uptake from MAP bands placed near the seed row.

Although the optimun concentration of urea-N in the band in the second

growth chamber experiment r{as 47 kgþa, the optimum urea concentration

under field conditions would vary with soil type, environmental conditions,

band spacing and the time between fexxiLization and planting. These

factors make it very difficult to predict the optimum urea concentration in

dual bands. Therefore it may be better to reduce the toxicity of the dual

band, allowing enhanced MAP uptake without the risk of delay.

Several techniques have been used to deÈoxify ammoniacal fertí1izers.

Delayíng planting for several wk after applying ammoniacal fertilizer

allows diffusion and nitrification to reduce the concentration of free

ammonia (stephen and ilaid 1963; colliver and welch r97o). However, if

nitrite accumulaÈes in the band a second phase of ammoniacal N toxicity

develops (Passioura and Wetselaar 1972). A long delay period may also be

impractical where fertilizer is applied in the spring, before planting.

However, where fertilizer is applied in the fall, the delay period presents

few problems.

Coating urea granules with various compounds has been shown to reduce

ammonia concentrations in the fertilizer reaction zone. Coating urea with

sulfur slows the dissolution and hydrolysis of urea, reducing the release

of free ammonia (Matocha 1976) and reducíng che toxicity of urea applied at

planting with spring wheat (Deibert et al. 1985). Urease inhibitors such
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as phenylphosphorodiamidate (PPD) may also reduce urea toxicity by

decreasing the rate of nmmonia release (Byrnes et aI. 1983; Martens and

Bremner L984; Broadbent et al. 1985). Acidic substances such as tríple

superphosphate, phosphoric acid and sulfuric acid have also been used in

attempts to reduce the alkalinity of the fertilizer reaction zone (Terman

L979; Nelson 1982). Buffering agents and carbonate-precipitating, soluble

calcium salts have also been added with urea to reduce the alkalinity of

the reaction zone (Sander and Barker 1978; Fenn et al . L982).

Delayed planting and using urea incorporated with PPD urease inhibitor

were selected as the two methods of urea detoxification to be evaluated in

the third growth chamber experiment. This experiment differed in several

ways from the previous two. To evaluate the influence of dual banding on

grain yield, the wheat was gror'rrr until mature. Also, a midseason harvest

was taken during this study because the previous gror4¡th chamber studies

revealed a temporary, early season response to added P. Also, instead of

placing the seed and bands across the narrower dimension of the growth

boxes, both were placed along the longer dimension, reducing the equivalent

band spacing and decreasing the soil to plant raÈio. The soil used in this

study qras extremely deficient in P, in contrast vrith previous experiments

where the degree of P deficiency vras less severe but more typical of

I^Iestern Canadian field conditions.

Experimental Procedures

The soil used for this experirnent was obtained from the Ap horizon of

a Gleyed Rego Black Chernozemic very fine sand, Haywood series, collected

near Haywood, Manitoba, sE 36-8-6 I.J (Tab1e 12). Prior ro use, rhe soil was
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air dried, mixed and passed through a

270 mg R, 1-3.5 mg Cu and 1-3.5 ng Zn/kg

dissolved sulfate salts and thoroughly

10 run sieve. A basal

soil was applied as

mixed into the soil.

application of

an aerosol of

Table 12. Some ProperËies of

pH (1:1, soil:water)

NaHCO3-extractable P

No3 -N

NH4Ac-exËractable K

SOr. - S

carbonates

fexture

t v¡ater, field capacity

Soil Used in Urea Toxicity Study

7.8

3 ng/kg

2L ng/kg

40 ng/kg

>20 ng/kg

low

very fine sand

204

Large wooden boxes (45x25x28 cm deep) lined with polyethylene bags

were used as soil containers. I{hen filled, each box contained 31 kg soil,

20 cm deep. The sequence of filling the contaíners with soil and applyíng

the fertiLizers was similar to that of the first tt/o grov¡th chamber

experirnents.

In one series of treatments dual and separate bands of urea and MAP

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

below and 7.5 cm beside the seed row 1 d prior to planting. IJhere urea

bands and MAP bands r¡rere separated, the bands were placed at an equal

distance on opposite sides of the seed row. A second series of deep and

shallow dual bands was applied 11 d prior to planting and incubated at

field capaciLy and room temperature. A third series of deep and shallow
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dual bands vras treated wíth urea that had been incorporated r{rith 1g

phenylphosphorodianidate (PPD). For each of the three series of treatments

there vras a control with 0 .92 g Nþox (80 kg NÆa) . All p rreatmenrs

received 0.92 g Nþox plus 0.23 g pþox (20 kg p/ha). There were rhree

replicates of each treatment.

Contrary to the prevíous tv¡o grov¡th chamber experiments the seed rows

and ferLiLizer bands were oriented along the longer dimension (45 cm) of
Èhe boxes, decreasing the soil to plant ratio and reducing the equivalent

band spacÍng to 25 cm. Also, granular urea was appried to the soil
dírectly insLead of as a urea solution. This Ì,,/as necessary because of the

Iow solubility of PPD in vrater. The PPD-urea was produced by IFDC, Muscle

Shoals, Alabama and was in the form of minus 6 plus 14 mesh granules made

by compaction. Urea for the other treatments v¡as in the form of commercial

prills.

After the urea was appried, MAp was appried by pipette in 10 mL of
solution. The MAP solution consisted of reagent grade MAp dissolved in
distilled water and was labelled with 222 knq H332eo4/nL. The ferrÍ1'zer

bands were immediately covered with the top layer of soí1 which r,r'as vratered

to field capacity 1 d prior to planting.

Forty-four seeds of Spring Llheat (Triticum aestivum cv. Neepawa) were

planted in a row 2.5 cm below the soil surface 12.5 cm from the longer

sides of the box. The boxes were arranged in randomized complete blocks on

growth benches and rotated weekly. Lighting l¡as from a mixture of
incandescent and fluorescent ramps giving an average intensity of 350

fE*-2s-1 at the top of the canopy (measured with a Licor LI-1g58 Quantum

meter and Q4027 Quantum sensor.) Daylength was 16 h. Day and night
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temperatures averaged 25oC and 16oC respectively.

The plant stand was thÍnned to 20 plants per box, 12 d after

emergence. The soil was watered to field capacity once per wk in the

inítial stages of growth and tv¡ice per wk near the end of the experiment.

Between flag leaf and flowering, the wheat was fertiLízed with two

additional 55 kgþa applications of N in the form of calcium nitrate.

The intensity of 32P radiation in the plants was monitored during the

first 40 d of growth. The method used was similar to that used in the

previous grovrth chamber studies.

The shoot portion of 5 of the 20 plants was harvesxed 22 d after

emergence. The wheat was in the tillering stage (Feekes 4 to 5). Dry

matter yie1d, fertilizer P uptake and total P uptake data for midseason

harvest were multiplied by four to estimate these parameters on a per box

basis. The intensities of 32P xadiation monitored after the midseason

harvest vrere multiplied by 1.33 to compensate for the harvested plants.

Final harvest of the shoot portion was taken at maturity, 96 d after

emergence. For both harvests, sample handling, tissue analyses for total

and fertili-zer P and statisical analyses were similar to those outlined for

the previous grovlth chamber experiments. Final harvest data were not

adjusted for Èhe removal of plants at midseason, assuming that the removal

of 25t of the young seedlings would have had a minor effect on the final

yield from each box.
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Results and Discussion

MAP Uptake During Growth

In vivo monitoring of 32Y intensities revealed trends sÍmilar to those

observed in the previous grolrth chamber experiments (Figures 36 and, 37).

Uptake of fertilizer P was observed at tiure of emergence where MAP and urea

were placed separately in bands 2.5 cm below and beside the seed row.

Uptake of fertilizer P was delayed for approximately 6 d where dual bands

were applied 2.5 cm below and beside the seed row at time of planting.

Delayed uptake of fertilizer P due to the presence of urea in MAP bands was

not observed where dual bands v¡ere incubated 11 d before planting. PPD

appeared to have only a small, if any, detoxifying effect on the dual bands

placed 2.5 cm below and beside the seed row at time of planting. Because

PPD is less soluble than urea, perhaps it did not diffuse to the periphery

of the dual bands where the incipient toxicity to root grovrth is likely to

have occured. Adding urea to MAP bands placed near the seed row did not

appreciably enhance MAP uptake at any stage of growth.

As in the previous experiments, urea enhanced the uptake of fertili.zer

P from MAP bands placed 7.5 cm below and 7.5 cm beside the seed row.

However the uptake of fertilizer P was delayed 7 to 9 d after time of

emergence v¡hen MAP was placed 7.5 cm below and beside the seed row. Uptake

of fertilízer P was initiated approximately 2 d earLier from MAP bands

placed separately from urea or incubated 11- d prior to planting, than from

dual bands with or without PPD applíed at time of planting. The uptake of

fertilizer P from all dual bands applied at time of planting continued to

lag behind that from other treatments for approximately 15 to 20 d. After

approximately 20 d uptake of fertilízer P from dual bands applíed with or
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without PPD at time of planting appeared to be superior to thar from dual

bands incubated I1 d prior co planting. After 20 d of growth, banding I4Ap

separately from urea at time of planting or with urea 11 d prior to

planting resufted in the lowest uptake of fertilizer P from ltAp bands

placed 7.5 cm below and beside the seed row. Adding ppD co duar bands

applied at planting did not appear: to enhance uptake of fert tLizer p from

dual bands pì-aced 7.5 cm below and beside the seed rorv.

Midseason Harvest

A midseason harvest of 5 of the 20 plants in each box was take¡ 22 d

after emergence, when the planis \rere beginning to tiller. At this stage

thei:e vras a very large and statisticalìy signíficant yield response io

fertil Lzer P esPecially ¡,vhere ll,AP rqas banded near the seed (Table 13) .

fncreases in yield corresponded closely with increases in fertilizer p

uptake and Íncreases in total P uptake. However, because of variabilit-v

among replicaces there were no statistical-ly signifÍcant dÍfferences in

fertiLízer P uptake. The variability was greatest in the treatments where

delayed uptake of fertiltzer P had been observed earlier during the in vivo

monitoring. Larger subsamples, a later harvest or more replicates may have

alleviated some of the variabiì-ity. In spite of the variability there was

a clear trend for the dry matter yield and uptake of fert í.Iízer p to be

greater for P bands placed 2.5 cm below and beside the seed than for bands

placed 7.5 cm below and besíde the seed. row.

The midseason harvest data reflect most of the trends observed during

in vivo monitoring of 32e intensity for treatments where MAp r¡as placed 2.5

cm below and besíde the seed row. The lag in uptake of fercilizer p from
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Table 13. Effects of Delayed Planting and PPD on Growrh and MAp Uptake
by Spring llheat Harvested ar the TíIlering Srage.

Dry Matter FertlLizer Total p
Treatment Yield P Uptake Uptake

E/box mgþox mgþox

P band 2.5 cm below and beside the seed.

P band 7.5 cm below and beside the seed.

MAP and Urea
separafe

DuaI banded,

6.08C

delayed planting 4.8CD

Dual banded with
PPD at planting 6.08C

Dual banded at
planting

Dual banded at
planting

MAP and Urea
separate

Dual banded,

6.8A8

delayed planting 8.04

Dual banded with
PPD at planting 6.48

L7 27BC

21 34A

L7 2BABC

13 25BCD

11 23CDE

8 2ODEF

15 30AB

11 24BCD

14c

l7EFG

16FG

0.10 0.0001

6.18C

4. 8CD

Control (N onlv)

Urea, delayed planting 3.7D

Urea * PPD at planting 4.l_D

Urea at planting 4.3D

Pr)F 0.0001

Note: Means followed by the same letter are r.t rig"ifi"r"tiy
differentaccordingtoLSDcomparison,aIpha:O.o5
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dual bands applied at time of planting resulted in low yields and low

uptake of fertilízex P at the tillering stage. PPD had a small detoxifying

effect on the dual bands. Delayed planting allowed dual bands to detoxify,

resulting in yield and fertilízer P uptake greater, although not

statistically greater, Èhan that from separate urea and MAP placement.

The nidseason harvest data from treatments where MAP was banded 7.5 cm

below and beside the seed row were not always consistent with the trends

observed during in vivo 32P rnonitoring. Although dual banding 7.5 cm belorv

and beside the seed row 11 d prior to planting resulted in the lowest

fertilizer P uptake, similar to the trend observed in the in vivo

moniËoring, the ranking of the other treatments was different. According

to the harvest data, adding PPD to the urea in dual bands appeared to

increase MAP uptake and yield s1ightly. At 22 d, in vivo monitoring

indicated no such increase and perhaps some decrease in uptake of

fertilizer P as a result of adding PPD to urea in dual bands. Also,

according to the harvest data, separate banding of MAP and urea resulted in

dry matter yield and uptake of fertíIízer P at least as large as those from

dual bands applied without PPD at time of planting. In vivo monitoring at

the same stage indicated higher uptake of fertilizer P from dual bands

compared to the separate MAP bands.

The differences in estimates of fertilizer P uptake for the different

methods of measuring the uptake of fertilizer P are probably due to several

factors. First, the fertilizer P uptake data from the midseason harvesr

were not very accurate, as indicated by the lack of statistically

significant differences. The variability between replicates harvested at

midseason was largely due to the sma1l number of plants harvested. In vivo
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monitoring indicated that the effects of urea toxicity for dual bands and

distance between the band and the seed row for treatments where the MAp

band was placed 7.5 cur below and beside the seed were inconsistent from one

plant to another within a ro!¡. 32P irrt..rsities measured in vivo were l-ess

variable from replicate to replicate because Ëhe readings were averaged

along the length of the entire seed row. secondly, Èhe uptake of

fertilizer P for treatments where dual bands lrere applied at time of

planting was in a phase of very rapid uptake afrer inirially lagging behind

the other treatments. This meant that the 32p intensity curves from

various treatments !¡ere intersecting at this growth stage.

Total P uptake for all treatments where MAP was banded 2.5 cm below

and beside the seed row was significantly greater than for the respective

control (N-only) treatments. Also, where MAP was placed 2.5 cm below and

beside the seed row, fertilizer p comprísed at least harf of total p

resurting ín parallel trends in fertilizer and total p uptake.

Tota1 P uptake for all treatments where MAP was placed 7.5 cm below

and beside the seed row was also significantly greater than for the

respective control (N-only) treatments. However, increases in total p

uptake for dual bands placed 7.5 cn below and beside the seed were usually

less than where the dual bands were placed 2.5 cm below and beside the seed

rovr. There !¡as a trend, however, for the total p uptake for dual band

treatments applied at time of planting to be greater than for dual bands

applied 11 d prior to planting or for separately praced MAp and urea.

Fertilizer P accounted for a smaller proportion of total p in the

treatments applied 7.5 cm, instead of 2.5 cm, below and beside the seed

row. Trends in fertilizer P uptake \rrere paralIel to those for total p
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uptake ín both placements. Conparing equivalent fertili zex tTeaxments at

the two band positions, there v¡as one case of a statistically significant

difference. Delayed planting after applying Èhe dual bands 7.5 cm below

and besíde the seed row resulted ín significantly less total p uptake

compared to the same treatment applied 2.5 cm below and beside the seed

Tow' Otherwise, placeuent of MAP bands 7.5 cm, instead of 2.5 cm below and

beside the seed row did not result in significantly less total p uptake.

Mature Harvest

Differences in yield and P uptake among treatments vrere smafler at

maturity than at the tillering sÈage (Table 14). Dry marrer yieJ_d was

increased significantly by the addition of MAP fertili.zer, regardless of
time and method of MAp placement. However, the average dry matter yield

increase due to P fertili zey vlas fZt "t maturity compared to 52t at the

tilleríng stage. In contrast to yíe1ds measured at the tillering srage

there $lere no significant differences in total dry matter yield at naturity
among the different MAP treatments. The yield response to early uptake of
P fertilizer observed at the tillering stage vras no longer evident. No

significant differences in total dry matter yield were observed among the

three control (N-only) treatments.

Grain yield was increased significantly by the addition of MAp

fertilizer except when dual bands were placed 7.5 cm below and beside the

seed row at time of planting. The latter treatment did, however, result i'
a 13t increase in yield over its respective check and a significant

increase in dry matter yield. Part of the reason for the small discrepency

betvreen dry matter yield response and grain yield response is the slightly
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Table 14. Effects
Uptake

of Delayed Planting and PPD
by Spring hrheat Harvested at

on Yield and MAP
Maturity.

Treatment Dry Matter
Yield

Grain
Yield

Fertilizer Total P

P Uptake Uptake

g/box gþox

P band 2.5 cm belo¡u and beside the seed

mgþox mg/box

MAP and Urea
separate

Dual banded,
delayed planting

Dual banded with
PPD at planting

Dual banded at
planting

P band 7.5 cm below and

118A 49A

bes ide the seerl

116A

112A

118A

50A

46A8C

50A

95A

77CD

87ABC

87ABC

7lD

72D

258A

2308

254A

245A8

MAP and Urea
separate

Dual banded,
delayed planting

Dual banded with
PPD at planting

DuaI banded at
planting

Control (N onlv)

Urea delayed planting

Urea+PPD at planting

Urea at planting

Pr>F

t16A 48A 89AB 256A

112A 45ABCD 83BC 243A8

120A

TI2A

988

1008

998

0.001s

48A

47AB

38D

4OBCD

4OCD

0.009 0 .002

2348

2308

150D

T75C

167 C

0. 0001

Note: Means followed
different according to

by the same letter are
LSD connparison, alpha

not significantly: 0.0s.
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Larger coefficient of variation in the grain yields. Differences among

grain yields for various l.fAP üreatments qrere not statistically sígnificant.

No significant differences in grain yield were observed among the three

control (N-only) treatnents.

The efficiency of fertilizer P uptake averaged 36t of that applied,

which was greater than in the previous two growth chamber studies. fn the

previous experiments plants were harvested at the fully headed but immature

stage. In this experiment the plants were harvested at maturity. The

change in orientation of the seed row resulted in a higher plant to soil

ratio. These factors, combined with the lower concentration of availabl-e

soil P resulted in a greater utilizaxlon of fertilizer P than in the

previous growÈh chamber studies.

Fertilizer P uptake lras influenced signíficantly by method of MAP

application. Bandíng MAP and urea separately but 2.5 cm below and beside

the seed row resulted in the greatest uptake. Slightly but not

significantly less fertilízer P was taken up from dual bands placed in the

same position at Ëime of planting, with or without PPD. However, delayed

planting after dual banding 2.5 cm below and beside the seed row resulted

in sÍgnificantly less fertiLizer P uptake compared to banding MAp

separately in the same posiËion. This observation v./as contrary to findings

noted at the tillering stage when the fertilizer P uptake from dual bands

placed 2.5 cn below and beside the seed row 11 d prior to seeding treatmenr

was the greatest of all treaÈments and was significantly higher than that

for the urea and MAP banded separately. one possible reason why the

fertilizer P uptake at final harvest was lowest in the delayed seeding

treatment is that nitrification in the band may have acidified the reaction
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zorle, resulting in the dissolution of CaC03 and the precipitation of the P

with Ca. Other researchers have observed that fertilizer P uptake from P

fertilizers is reduced when the P band is acidified (Soper 1955; Olson and

Dreier 1956b; Grunes et al. 1958).

For treatments where MAP was banded 7.5 cm below and beside the seed

rov/, delayed planting did not result in greaËer fertilizer P uptake from

dua.l bands than fron MAP bands placed separate from urea. In contrast,

fertilizer P uptake from dual bands applied aË time of planting, with or

without PPD, was significantly greater Ëhan from separate MAP and urea

bands. So, although delayed planting may have reduced the initial toxiciry

of dual bands, it also reduced the enhancement of fertil izer P uptake by

urea in later growth stages.

The net effect of banding MAP 7.5 instead of 2.5 cm below and beside

the seed row on uptake of fertilízer P differed for the various fertifizer

treatments. Uptake of fertilizer P was significantly less where MAP

applied separately from urea !/as banded further from the seed row. In

conLrast, dual banding with or without PPD at time of planting resulted Ín

similar uptake of fertilizer P from MAP bands placed 2.5 em or 7.5 cm belory

and beside the seed row. However, uptake of fertillzer P from all dual

bands applied at time of planting was slightly lower and in one case

significantly lower than that frorn the separate MAP and urea bands placed

2.5 cm belov¡ and besíde the seed row. Uptake of fertilizer P from dual

bands placed 11 d prior to planting rvas low and relatively unaffected by

distance between the seed row and the MAP band.

Total P uptake was increased significantly by p fertilizarion, in

conürast to the first two growth chamber experiments. Fertílizer p
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accounted for an average 34t of total P uptake, a smaller percentage than

at the tillering stage. This decline in the proportional contribution of

fertilizer P to total P uptake with increasing plant age is consistent with

the observations of spinks and Barber (L941). However, fertilizer p

accumulation at rnaturity was still large enough that the dÍfferences in

Èota1 P uptake parallelled the differences in fertilizer p uptake. Among

the control treatments total P uptake was significantly less for delayed

planting than for the other treatments.

Generally, fínal dry matter and grain yields did not correlate well

with early season fertilizer P uptake. These findings contrast with those

of Bole (1966) who found an excellent correlation between early season

fertilizer P uptake and yield. Treatments that resulted in rapid early

fertilizer P uptake did not necessarily result in higher final MAp uptake,

grain yield or dry matter yield at final harvest. McConnell et al. (19g6)

and Hamid and Sarwat (L977) also observed that early P uptake vras not

necessary for maxímum yield. In field experiments on Saskatchewan soi1s,

Soper also observed Èhat the ammonium ion enhanced early season fertilizer

P uptake but did not effect higher total P uprake at maturity (Soper 1955).

In Soperrs experiments, total P uptake at maturity from dual bands r,¡as

lower than fron other treatments because of a substantial reduction in the

uptake of soil P. one possible reason for the above phenomena may be the

ability of plants initially grovrn at lov¡ P status to become more effícient

at taking up P in later growth stages (Barber L947; Boatwrighr and Viets

L966; Green and Warder 1973). This allows a plant initially starved for p

to resume a relative growth rate that is similar to that of plancs grown

with a conÈinuously high supply of p (Drew and saker rg:-g). However, in
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the present study, the high efficiency of fertilí'zer P uptake (368) points

to another possible factor. The rate of P applied was relatively low (20

kg Pþa) for a growth chamber study. Perhaps the plants vrere so stressed

for P that growth was linited rnore by the amount of MAP added than by

method of application. For v¡hatever reasons, the differences between

treatment effects at the tillering stage and those at uraturity illustrate

the significance of timing of harvest on cônclusions about P placement.

Conclus ions

Adding urea co the l{AP band increased uptake of fertil izer P only when

the bands were applied at time of planting and only when MAP was placed 7.5

cm below and besíde the seed row. Urea in dual bands applied at time of

planting delayed uptake of fertilizer P but did not result in significanrly

less fertiLizer uptake, grain yield or total dry matter yield at final

harvest. Delayed planting or adding PPD to the urea did not increase total

upÈake of feruilízer P from dual bands. Although delayed planting allowed

early, rapid uptake of P fertll-í.zer it did not enhance fertili-zer P uptake

from dual bands at later growth stages. In fact, delayed planting resulted

in Uhe lowest total fertilizer P uptake from any of the dual bands. The

effect of PPD on urea toxicity in dual bands applied at time of planting

was minor or nonexistent.
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3.6 Field Experirnents Using Commercial MAP

Observations from the growth chauber studies indicated that adding

urea to a MAP band could delay and/ot enhance uptake of fertílizex P.

However, it was decíded that information about the performance of dual

bands under t)æical field conditions lras also needed. Field experiments

were conducted in Southern Manitoba in 19Bl-, 1982 and 1983 to evaluate the

response of wheat to preplant band applícations of urea and MAP together or

separately relative to MAP applied in the seed row. The effects of spacing

between dual bands and effect of small amounts of t'starter" P placed with

the seed in addition to preplant banded urea and MAP were also

investigated. To be representative of typical soils in I,Iestern Canada, the

sites chosen contained moderately low but not extremel-y low concentrations

of available P.

Experimental Procedures

Six field sites, (two in eaeh of 1981, 1982 and 1983) on land which

had been cropped the previous year, vrere selected for study (Table 15).

All fertiLlzer treatments qrere applied in the spring, immediately prior to

planting. In 1981, one síte near Carman !ùas damaged by excess residues of

trifluralin herbicide and was not harvested. Therefore only five

site-years of data are presented. The Latin square experimental design

consisted of five replicates of five main treatments. The main treatments

urere a control with 80 kg N/ha and four methods of banding 80 kg N/ha and

15 kg P/ha using conmercial grade urea and MAP (see Table 16). Immediately

prior to planting, preplant fertiLizer bands were placed approximately 1O

cm deep using a double disc press drill. Each of these main plots r\ras
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Tab1e 15. Description of Field Plor Sitesl

site Texture pH in organic carbonates Nitrate- NaHCo3-
1: 1 H20 Matter N Exr. p

t I CaCO3 nB/kC ng/ke

Teulon L9B1 FS 8.0 4.0 18
sir 35-15-1_ E1
Po1son, Gleyed
Rego Black

Elm Creek 1982 LFS 7.O 2.5 2.5 3
NE 32-9-5 r{1
Kronstal,
Gleyed
Black

Bagot 1982 LFS 7 .8 2.3 4.3 3
srn 7-11-9 r^r1

Almasippi,
Gleyed
Rego Black

Roland l-983 FSL 1 .9 3. 3 0 .4 5
si^i 12-4-5 Wl
Altona, Gleyed
Rego Black

Carman 1983 LFS 6.7 2.8 0.6 6
NW 25-5-5 Wl
Willowcrest,
Gleyed
Rego Black

1 Characteristics reported describe the 0 to 15 cm depth of soil except
for NO3-N which describes the 0 to 60 crn depÈh.

15
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was split and 5 kg of P/ha was added with the seed ro one half of each.

The rate of N applied as MAP and/or urea r,ras equalized in all subplors.

The double disc press disc drill was also used to plant spring wheat at a

depth of 5 cm in rorvs 18 cm apart, perpendicular to the fertilizer bands.

The variety of wheat was Neepa\^ra at all sites except at Elm Creek in 1982

r¿here Benito v/as sol,rrt. Spring rvheat was also planted in alleys and borders

to reduce edge effects. Nutrients oiher than N and P, where necessary,

rvere broadcast over the entire site and íncorporated. Herbicides were

applied at recommended rates to control weeds.

Table 16 Description of }fain MAP pracements in Duar Banding Fierd
Experimenis

Treatment
Designation

Description of Treatments

Control

Seed Row P

18 cm Dual

36 cm Dual

36 cm Separate

B0 kg N,/ha, banded

B0 kg N/ha, banded
P/ha, placed in the

B0 kg N/ha plus 15
18 cm.

80 kg N/ha plus 15
36 cm.

at spacings of 36 cm

at spacings of 36 cm
seed row.

kg P/ha dual banded

kg P/ha dual banded

bands

bands i5 kg

at spacings of

at spacings of

80 kg N/ha plus 15 kg P/ha banded separarely, each ar
spacings of 36 cm.

Four midseason and one final harvest \,rere taken, each consisEing of

the shoot portion of two seed rows, 3 m long. Each harvest \^/as taken from

seParate areas of the same subplot. The four midseason harvests were taken

every 2 wk after emergence and the final harvest at maturity. As a result,
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the wheat was harvested at approximately the three leaf, Eillering,

heading, flowering and mature growth sÈages. Details of the growth srages

at various harvest dates and sices are in Appendix H. Samples taken early

in the growing season were dried at 70oC, weighed and ground. Samples

taken later in the growing season were air dried prior to grindÍng and

yields were adjusted for moisture content to an oven-dry basis. Subsamples

vlere wet ashed using the nitric-perchloric acid digestion described in

Appendix D. P concentrations of digests vrere determined using the ascorbic

acid-molybdate blue method described in Appendix E (Murphy and Riley 1962).

The main MAP placement treatments and the rnain plus additional starter P

treatments ùrere statistically analysed separatery using the ANovA

proeedures of the Statistical Analysis Sysrem (SAS 1982).

Results and Discussion

The soils of the sites contained low to medium amounts of nitrate-N

and sodium bicarbonate-extractable P. Except for Teulon, the sites

received adequate precipitation and yielded we11. Sti11, grain yield was

not increased significantly by P fertilization except at the Roland sire

(Table 21) which had the lowest concentration of sodium bicarbonate-

extracËable P. The yield responses to P at EIm Creek and Carman $7ere small

and inconsistent. At Bagot grain yield was not increased at all by p

fetxilization and at Teulon the yíeld response to P was very erratic due to

inadequate moisture. However, ín spite of inconsistent yield responses to

P, the field data reveal some important trends, especially in uptake of p

during the early portion of the growing season. In general, the

applícation of an additional 5 kg Pþa as starter fertilizer wirh the seed
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increased P upÈake and yields slightly, reducing but not eliminating the

differences between the main MAP placement methods (Appendix I). The

trends observed in the data from the nain treatments plus starter P were

generally similar but less significant than those from Ëhe main MAP

placements without additional starter P.

will be discussed in detail.

Therefore, only the latter data

P Response After 2 IJk of Growth

The wheat at most sítes was in the three leaf stage 2 wk after

emergence. Dry matter yields were generally higher for MAP placed in the

seed row, in 18 cm dual bands or 36 cm separate bands than without P or for

MAP placed in 36 cm dual bands (Table 17). At this srage of growth, dry

matter yields with P placed in the seed row were similar to those with P

placed in 18 cm dual bands or 36 cm separate bands. However, dry matter

yields for the latter tvro treatments were significancly greater than those

for the control treatment at turo sites, whereas the dry matter yíe1ds for

seed row P treatments vrere not significantly greater than those for the

control Ëreatment at any of the sites. Application of an additional 5 kg

P/ha with the seed, resulted in no significant differences in dry matter

yield due to placement at any site (Appendix I, Tab1e 26) .

At Elm Creek the yield for the seed row P treatment s¡as significantly

lower than thaÈ for the conÈrol (Tab1e 17). The reason for the early

season yíeld depression from seed row P application at Elm Creek is not

known. Tissue samples from seed rolr treatments did not contain abnormal

concentrations of K, Ca, Mg, Zrt, Cu, Mn or Fe. The soil at the Elm Creek

site did, however, contain higher concentrations of available P cornpared to
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Table 17. Effect of MAP and Urea Placement on p
Spring Wheat Harvested 2 llk after

Uptake and-Yield
Emergence. r

of

Treatment Teulon Elm
Creek

Bagot Roland Carman

Control
Seed Rov¡
18 cm Dua
36 cm Dua
36 cm Sep

Pr)F

0.074
0.097
0.078
0.086
0. 103
0. 16

rate

Dry Matter Yield (Mglha\

0.087A82 0.082 0.0968 0.0928
0.059c 0.087 0.111A3 0.117A8
0.089A8 0.090 0.I24A 0.130A
0.0748C 0.085 0.0888 0 .0898
0.095A 0.084 0.I22^ 0.L29A
0. 01 0 .94 0. 04 0.03

0.29D
0. 34BC
0. 39A
0. 30cD
0. 36A8
0.002

Total

0.35C 0.28C 0.338
0.53A 0.41A 0.50A
0.40c 0. 348 0. 388
0.37C 0.29C 0.368
0.468 0. 37AB 0.48A
0.0001 0.0001 0.004

P Uotake (ks /j:a\

0.36C
0. 51A
0.448
0.38c
0. 52A
0.0001

0.22
0. 33
0.31
0.26
0.37
0.077

0. 318
0. 328
0. 35AB
0.28B
0.43A
0.04

0.23
0. 35
0.31
0.24
0.31
0.09

0.31C 0.348
0.55A 0.58A
0.448 0.56A
0. 31C 0.338
0.54A 0.66A
0.0003 0.001

P

I
1

a
3

P Concentration ín Tissue (tP. dry weíght basis)

Control
Seed Row P

18 cm DuaI
36 cm Dual
36 cm Separate

Pr)F

Control
Seed Row P

18 cm Dual
36 cm Dual
36 cm Separate

Pr)F

1 et rnost sites the wheat was at the three-leaf stage.

Means followed by the
different accordíng

Level of significance

same letter are not significantly
to the LSD test (alpha : 0.05).

according to analysis of variance.
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the other sítes. The concentration of P in the tíssue from the seed row

treatment at Elm Creek was high but not much different from the Roland and

Carman sites and uuch lower than the l-t toxicity threshold reported by

Bhatti and Loneragan (i-970). Ridley and Tayakepisurhe (Ig74) also observed

a reduction in yield where low rates of P were applied wíth the seed on a

soil high in available p. However, in theír experiment the soil had

received a high rate of broadcast P and they suspected that the high rare

of P fertlrizer had induced a micronutrient deficiency.

concentration of p in prant tissue was affected significantly by

treatment. MAP placed in the seed row or in separate preprant bands

resulted in tissue P concentrations sÍgnificantly greater than those of the

contror treatment at all sites. rn contrast, dual bands applied at 36 cm

spacíngs did not effect significantly higher P concentrations compared to

those of the control treatments at any of the sites. Dual banding at 1g cm

spacings generally resulted in intermediate concentrations of p in Èissue.

Total P uptake data followed the trends noted for yierd and p

concentrations. P uptake r¡as higher for p appried in the seed row, lg cm

dual bands and 36 cm separate bands than without P or for 36 cm dual bands,

except at Elm Creek where P applied in the seed row depressed dry marter

yields. The low P uptake from the 36 cm dual bands was likely due to urea

Ëoxicity in the dual bands preventing root growth in the dual band and

uptake of P fertíLizer. Narrower band spacings (1g em) appeared to help

alleviate the probrem somewhat. The p uptake from the 36 cm separate

preplant MAP bands at thís early growth stage sras surprísingly excellent.
Adding 5 kg P/ha with the seed to each main treatment resulted in no

sígnifieant differences between main treatmenËs except at Roland (AppendÍx
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I, Table 26). At Roland the addltion of starter P to the main treatments

lncreased the total P uptake for all ËreaÈments except seed row p. As a

resulE, the P uptake for the seed row P treatnent was not signlficantly
higher than that for any preplant banded creatment. However, it is
lmportanË to note that the data listed are for sarnples of 3 rn of two seed

rows planted perpendicular to the bands. There was likely large variation
ín plant to plant P uptake depending on the proxirntty of plants Èo rhe p

band (Maxwe1l et aI. 1984). Thus, the average P uptake was excellent, some

plants may have had luxurious amounts of P while others in the same ror¡r may

have been deficient fn p.

P Response After 4 llk of Growth

Four wk after emergence the wheat at most sites was in the tillering
stage. Most of the daEa obtained for this stage of growth reflect the

trends observed aE the three leaf stage. Significant differences between

main treatments were observed at four of the five sites (Table 1g). Dry

matter yields were generally higher for MAP placed in the seed row, in 1g

crn dual bands or in 36 cm separate bands Èhan withouÈ p or for 36 cm dual

bands. Yield for P placed in the seed row was símilar Èo yields for p

placed ln 18 cm dual or 36 cn separaÈe preplant bands, except at the Roland

siÈe where the yield for 36 cm separate bands was'significantly less than

for P placed ln the seedron. The concentratlon of available p in Ehe soil
at Roland was less than that of the other sltes. These data, therefore,

corroborate the theory that placement of P in Èhe seed row Ís of greates¡

value where the concentration of available soil P is low (peterson et al.
1981). Dry matter yields for the 36 cm dual band treatment lrere nor
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Table 18. Effect of I,IAP and Urea Placement on P Uptake and
Yield of Spring Llheat Harvested 4 l{ks afrer
Emergence. r

Treatment TeuIon Elm
Creek

Bagot Roland Carman

Dry Matter Yield (Mglha)

Control
Seed Row P

18 cn Dual
36 cm Dual
36 cm Separate

Pr)FJ

Control
Seed Row P

18 cm Dual
36 cm Dual
36 cm Separate

Pr)F

Control
Seed Row P

18 cm Dual
36 cm Dual
36 cm Separate

Pr)F

0.38282
0. 553A
0. 563A
0.483A8
0. 567A
0.04

0.948 0.603
0.888 0. 7s1
1.13A 0.699
0.888 0.615
1.02A8 0.682
0.03 0 -29

0.544C 0.6068
0. 863A 0. 869A
0.751A8 0.828A
0.520C 0.5728
0.7048 0.791A
0.002 0.00s

P Concentration in Tissue (*P. dry weight basis\

0.248
0.268
0. 31A
0. 31A
0. 26A8
0.03

Total

0. 28C
0.34A
0. 34A
0. 3oBC
0. 318
0.0004

P Uotake

0. 28BC
0. 33A
0. 31AB
0.26C
O. 3OABC

0.035

(ks /ha\

0.37C
0.438
0. 55A
0. 51A
0.448
0 .0001

0.29C
0.368
0.39A8
0. 38AB
0.40A
0.0001

0. 95C
L.428
1. 75A
1. 50AB
1. 51AB
0.002

2.658 1.698C
3.018 2.45A
3.82A 2.16A8
2,618 L.57C
3.148 1.97ABC
0.004 0.03

2.02D 1.758
3.64A8 3.16A
4.13A 3.19A
2.62CD 2.208
3.098C 3.15A
0.0002 0.002

1 et most sites the wheaL was at the tillering stage.

Means followed by the same letter are not significantly
different according to the LSD resr (alpha - 0.05).

Level of significance according to analysis of variance.
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significantly grearer than those without p at any site. Adding 5 kg p/ha

with the seed to the main treatments did not result in any significant

differences between treatments in dry matter yields (Appendix I, Table 27).

Differences in concentraÈions of p in plant tissues qrere not as

consistently related to yield differences as those for the first harvest.

Main treatments that resulted in large increases in dry matter yields did

not necessarily result in higher tissue p concenËrations, likely as a

resulË of biological dilution.

Total P uptake data followed trends noted for the first harvest.

Signíficant differences beÈween main treatments were observed at aII sites.

However, the differences among main placements were less sígnificant than

those observed at the first harvest. Placing P in the seed row, 18 cm dual

bands and 36 cm separate bands effected greaËer uptake of P than without p

or for 36 cm dual bands. At all sites except Teulon, dual banding at 36 cm

spacings díd not result in significantly greater uptake of p compared to

the control. At all sites except Bagot, placing p in 1g cm dual bands

resulted in the highest total P uptake, possibly because of the posicive

influence of arnmonium from the urea in the dual band (Soper 1955) and 1ess

urea toxicity in the 18 cm versus 36 cm dual bands. Application of an

additional 5 kg P/ha with the seed to all rnain placements did not resulr in

significant differences between methods of placement except at Carman

(Appendix r, TabLe 27). split placemenr of MAp in 36 cm dual bands \,rirh 5

kg P/ha as "starter" resulted Ín the lowest P uptake of all treatments

receiving 20 kg P/}..a. However, placing all the MAP in rhe seed row did nor

result in sígnificantly higher P upLake than for any treatment where MAp

was split between the seed row and preplant bands.
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P Response After 6 llk of Grov¡th

Six wk after emergence the wheat at most sites was in the heading

suage. Dry matter yield at this growth stage vras noË increased

significantly by P ferÈilization except at Teulon (Table 19). The yields

for the control and 36 cm dual bands contínued to be lower than for other

treatnents, but that trend was less obvious than it was earlier in the

growing season. The yields for P placed in the seed row vrere very similar

to those for P placed ín 18 cm dual bands and 36 cm separate bands.

At the Elm Creek site, the yield for P in the seed row equalled that

of the control. Previous harvests indicated lower yields for p in the seed

row than for the control. Thus the plants had apparently recovered from

the negative effect of P in the seed row.

Concentrations of P in plant tissue for dual bands tended to be at

least as high if not higher than those for the separate and seed row p

treatments. The high tissue P concentration for the 36 cm dual band

treatment was due in part to reduced biological dilution of fertilizer p

because of less growth.

No differences in total P uptake were observed among the placement

methods. Total P uptake for P placed in 36 cm dual bands had increased

consi-derably since the prevíous harvest. After 6 wk, Ëhe p uptake for the

36 cm dual bands lras equivalent to the other l"IAp treatments and

significantly higher than the control in three of five sites. Thus, the

paËÈern of P uptake for 36 cm dual bands r¡as similar to observations from

the growth chaurber experiments. The toxic effect of urea in 36 cm dual-

bands had likely dissipared, al1owíng rapid uptake of MAp.
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Table 19. Effect of ì,fAP and Urea Placement
Yield of Spring Lrheat Harvested 6
Emergence. r

on P Uptake and
Wk after

Treatment Teulon Elm
Creek

BagoË Roland Carman

Dry Matter Yield (Melha)

Control
Seed Row P

18 cro Dual
36 cn Dual
36 cm Separate

Pr)F

L.æC2
2 .05A8
2 .08A
T.67BC
2.30A
0.011

3.34 2.0L
3.s2 2.46
3.66 2.6I
3. s8 2.25
3.34 2.36
0.33 0 _ 063

2.L6 2.48
2.70 2.88
2.7I 3.18
2.39 2.48
2.66 2.88
0.19 0.0s1

P Concent¡ation in Tissue (tP. drv weishr besís)

Control
Seed Row P

18 crn Dual
36 cm DuaI
36 cm Separate

Pr>F

Control
Seed Row P

18 cm Dual
36 cm Dual
36 cm SeparaËe

Pr)F

0 .23 0. 20c
0 .2s 0. 238
0.23 0.23A8
0.22 0.26A
0 .23 0. 21BC
0.Oss 0.009

P Uotake (ks /ha\

0.298 0.30D
0.32AB 0.34C
0.35A 0.368
0.34A 0.40A
o .298 0. 35BC
0.016 0.0001

6.198 7 .48
8.41A 9.8A
9 .45A 11. 5A
8.05A 9.9A
7 .74A8 10.0A
0 .02 0. 003

0.23
0.23
0.24
0.2s
0.22
0.31

Total

3.768
4.7LA
4. 90A
4.14A8
4.97A
0.04

7 .68
8.77
8 .48
7.80
7 .7L
0.08

4.018
5.60A
5.97A
5.73¡.
5.05A8
0.01

1er most sites the wheat was at the heading stage.

Means followed by the same letter are not significantly
differenc according to rhe LSD resr (alpha : O.O5).

Level of significance aecording to analysis of variance.
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P Response After 8 Lrk of Growth

Lrheat at most sites was in the flowering stage 8 wk after emergence.

Dry natter yields were increased significantly as a result of P

fertilization at most sites, but there was no clear trend for one method of

P placement to yield nore than oËhers (Table 20).

Concentrations of P in plant tissue did not show any consistent

Patterns among Lreatments at the various siÈes. The P concentration in the

plant tissue for the control was often similar to that for treaLments where

P fertilizer t,ad been applied.

As a result of the inconsistent differences in dry matter yield and

tissue P concentration, only one site showed significant differences in

total P uptake. Total P uptake was increased significantly by P

fertilization at only the Roland site, where the concentration of available

P in soil was less than at other sites. At Roland the uptake of P was

greatesL for the 18 cm dual band treatment. AlEhough total P uptake for

the 36 cm dual band treatment was significantly greater than the control it

was the lowest of all the P treatments. In general, however, the method of

MAP placement had little influence on total P uptake. The small influence

of llAP application and placement on total P uptake at the flowering stage

contrasts with the large differences observed earlier in the growÍng

season. Toxicity of the dual bands and proxirnity of the bands relative to

Èhe seed row had likely become less important factors ínfluencing the

plants access to fertilizer P and the plants were also more capable of

taking up soil P.
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Table 20. Effect of ìlAp and Urea plaeement
Yield of Spring Llhear Harvested 8
Emergence. r

on P Uptake and
Ilk after

Treatment Teulon Elm
Creek

Bagot Roland Carman

Control
Seed Rov¡ P
18 cm Dual
36 crn Dual
36 cm Separate

Pr)FJ

Control
Seed Row P

l-8 cm Dual
36 cm Dual
36 cm Separate

Pr)F

Control
Seed Row P

18 cn Dual
36 cm Dual
36 cm Separate

Pr)F

Dry Matter Yield (Mg hal

2.3082 5.288 s.47D
2.70A8 5.75A 5.72CD
3.28A 5.84A 6.18A
3 .01A8 5 .418 5 .798C
3 .43A 5. 86A 6 . 01AB
0.046 0.004 0.001

4.28F_ 4.94
5.89A 5 .73
5.71A 5.50
5.42A 5.19
6.07A 5.54
0.005 0.sl

0.16c 0.18
0.188 0.18
0.22^ 0.19
0.188 0.19
0.178C 0.20
0.0001 0 .27

6.7C 8.7
10.58 10.1
L2.4A 10.3
9.58 10.0

10.18 11.3
0.0001 0.34

P Concentration in Tissue (gp. drv weight basis\

0.1s 0.22B.C 0.L7
0. 17 0. 21BC O .L7
0. 15 0. 21BC 0 .L7
0.L7 0.25A 0.I7
0. ls 0. 23AB 0. 16
0.22 0.02 0.93

Total P Uptake (kg tra)

3.49 11.5 9 .s
4.50 r2.2 9.9
4.87 I2.3 I0.2
5.02 L3.4 9 .7
5.01 L3.7 9.8
0.072 0.062 0.90

1 et most sites the wheat was aÈ the flowering stage.

Means followed by the
different according

Level of significance

same letter are not significantly
to the LSD tesc (alpha : .05).

according to analysis of variance.
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P Response at Maturity

Grain yield was increased significantly as a result of P fertilization

at only the Roland site (Table 21). At Teulon, Elm Creek and Carman, the

responses to P fertilization were small but insignificant and at Bagot

there v¡as no yierd response to p. At Roland, only the seed row p, 1g cm

dual band and 36 cm separate band treatments resulted in grain yields that

were sígnificantly greater than those without P. Alrhough the yield for 36

cm dual bands v¡as not significantly greater than the yield without p, rhere

were no significant differences among the methods of MAP placement. At

Teulon and Elm Creek the yield for the 36 cm dual band treatment ¡,¡as also

the lowest of the MAP treatments. At Carman the yields f,or a1I placements

of MAP were very símilar, except v¡here 5 kg P/ha was added wÍth the seed ro

arr main treatments (Appendix r, Table 30). where 20 kg p/ha was splir

between the seed row and preplant bands, the grain yield for 1g cm dual

bands was significantly less than for other treatments. AddÍng 5 kg p/ha

with the seed to the main treatments at Roland resulted in no significant

differences between treatments.

Applying llAP in 36 cm dual bands resulÈed in lower final grain yields

than for MAP placed in 18 cm dual bands, 36 cm separate bands or placed in

the seed row at all sites except Carman (Table 21). At Roland, where there

was a signifieant grain yield response to P, trends in grain yield appeared

to be similar to those of early season p upuake. This trend has been

observed by other researchers in Ilestern Canada. Total P uptake at the

tillering stage has been cited as an excellent indicator of grain yield

response when comparÍng different placements of similar fertilizers in the

field (Bole L966). This contrasts with the lack of correlarion berween
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Table 21. Effecr
Yield

of MAP and Urea
of Spring l,Jheat

PlacernenE on P Uptake and
Harvested at Maturity

Treatment Teulon E1m

Creek
Bagot RoIand Carman

Grain Yield (Mglhal

P Check
Seed Row P

18 cm DuaI
36 cm Dual
36 cm Separate

pr>i'2
CV3

P Check
Seed Row P

l-8 cm Dual
Jb cm DuaI
36 cm Separate

Pr)F

P Check
Seed Row P

18 cm Dual
36 cm Dual
3 6 crn Separate

Pr)F

P Concentratíon in Grain (tp, drl¡ weight basis)

1.33
1.5s
l. 54
1.14
I.42
0 .44

27

2.75
3.00
_?.05
2.80
1 rì?

0.20
8.6

0 .48A
0.51A
0. 52A
0.408
0.418
0. 0001

13.38
L5.2A
15.9A
LL.2C
T2 .6BC
0 . 0001

2.88
2.84
2.80
2.73
2.93
0 .61
-74

0. 3s
0.43
0 .37
0.40
0 .42
0.059

10.0
12.2
10.5
11.0
L2.3
0.11

2.4581 2.59
3.01A 2.80
2.83A 2.72
2.69A8 2.80
2.88A 2.85
0.047 0.L2
8.8 5.s

0.398 0.40
0.41AB 0.41
0.44A 0.46
0.41AB 0.43
0.43A 0 .43
0.021 0. L0

9.68 10. s8
12.4A 11.6A8
12.3A 12.4¡,
11.0A8 12.0A
T2.3A 12.4A
0.004 0.03

0.26
0.30
0.30
0.30
0 .29
0.s2

Total P Uptake in Grain (kg,/ha)

3 .48
4 .64
4 .59
3 .49
1 00J. OO

0.22

Means follorued by the
different according

Level of significance according to analysis of variance.

Coefficient of variation between replicates, in t.

same letter are not significantly
to the LSD tesr (alpha : .05).
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early season uPtake and yield observed in the urea detoxifícation

experiment in the growth chamber. Soper (1955) found that early season p

uptake did not correrate very well with final p uptake or grain yield
during field experiments in Saskatchewan with different chemical

conbinations of fertílizers. Part of the inconsistencies in the field data

and literature may be due to excessive or r'luxurious" p uptake by seedlings

early in the growing season. P, in excess of plant requirements would be

stored as ínorganic P (Bieleski L973), contributing little to plant growth

and perhaps inhibiting p uptake allostericarry later in the season

(Lefebvre and Glass l-9B2).

The trend for yields to be higher for 18 cm versus 36 cm bands \,ras not

always consistent, but is similar to the results reported by Maxwell et aI.
(1984) in Kansas, who concluded that dual band spacing should be 1ess than

20 cm for winter wheat. Data from Ëhe present study support a similar
recommendation for spring wheat. I.Iider band spacings rnay cause uneven

growth and are also more lÍkeIy to contain high concentrations of ammonia

preventing early root proliferation in the dual band. The subsequent delay

in l{AP uptake is like1y more important to a spríng versus a winter wheat,

because of spring wheat's shorter growing season. The relatively coarse

texÈured and alkaline soils of the test sites plus the application of dual

bands immediately prior to seeding contribuÈed to the toxic effect of urea

in the dual bands. the Èoxic effect l¡ou1d likely be less severe in soíIs
with a higher clay content or lower pH and where dual bands were applied

several wk prior to seeding.

Concentrations of P in the grain showêd no consistent pattern but were

generally increased by p fertilizaËion.
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Significant differences in total P uptake were observed for the main

treaEments at three of the five sites. Total P uptake in the grain showed

the same pattern as grain yield. However, the differences in p uptake

among treatments were more significant than differences in grain yieId.

Greater uptake of P early in the season tended to result in greater

accumulation of P at maturity, although this tendency \,¡as not arways

consistent for reasons outlined earlier. Adding 5 kg pþa with the seed to

all main treatments resulted in no significant differences between methods

of placements except at carman (Appendix r, Table 30). At carman totar p

uptake was highest for 2O kg P/ha split between the seed row and 36 cm dual

bands. Hovrever, none of the treatments with preplant MAp plus 5 kg p/ha

resulted in total P uptake significantly greater than that for 2O kg p/ha

in the seed row.

Conclus íons

Grain yields and early season P uptakes vTere greater for p placed ín
the seed row, 18 cm dual bands or 36 cm separate bands than in 36 cm dual

bands. Preplant banded P did not result in significanrly higher grain

yields compared to seed row p at any site. Nor did seed row p effect a

consistent "popup" effect compared to the best of the preplant banded p

treatments.

Although placing P in the seed row did not signifícantly increase

grain yields compared to placing P in 18 cm dual or 36 cm separate bands at

four of the five sites, it did result in a small advantage at Roland, the

site with the lowest concentration of avairable p in soir. AddÍng 5 kg

P/ha as starter to the preplant band treatments at Ro1and eliminated this
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advantage (Appendix I). Therefore there appears to be a need to place ar

least a small emount of P in the seed row on soils which have very low

concentrations of available P especially if preplant bands are widely

spaced. This observation concurs with those of Peterson et al. (1981) and

Maxwell et al. (1984) from experiments ín Nebraska and Kansas.
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3.7 Radiotracer FíeId Experiment

Field studies in Kansas showed that dual bands applied at 46 cm

spacing result in uneven growth of wheat (Leikam et al. 1983). Subsequent

field studies showed that grain yields of winter wheat were not influenced

consistently by spacing of dual bands of ammonia plus ammonium

polyphosphate (Maxwell et al. 1984). However, growth and early season p

upÈake !¡ere more uniform frorn bands at closer spacíngs. In a subseguent

greenhouse study, Maxwell and co-workers (1984) found that P uptake from

the dual bands was delayed until between 11 and 22 d. afxer planting. After

44 d, P uptake from dual bands placed up to 20 cm away from the seed rorv

did not decline significantly with increasi-ng distance from the seed row

except when other plants shielded the P from access by the more distant

wheat plants.

As a result of these findings from Kansas and those from the previous

growth chamber experiments a radiotracer experiment was conducted in the

fíeld. The objectives of the radiotracer field experiment r¡/ere to monitor

more closely the onset of fertilizer P uptake under field conditions and ro

determine how índividual wheat plants in rows competed for preplant banded

P. l{AP labelled with 32P tt" used in a small plot trial adjacent to rhe

commercial MAP field site at Roland during i-983. The radiocracer plot and

the commercial MAP plot were planted at the same time and received a

similar rate of urea and MAP application. However, in the radiotracer plot

the MAP and urea were díssolved and injecÈed in smarl amounts at a

consÍstent depth and at close spacings in a straight line to simulate

fertilizer bands.
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Experimental Procedures

The radiotracer plot was adj acent to

Roland, Maniroba in 1983 (Tab1e 16). The

applied in rows at 18 cm spacing and at a cm after planting

to duplicate thespring wheat (cv. Neepawa). Treatments

effecc of banding urea and MAp together or separately perpendicular or

parallel Eo the seed row. The fertilizers, in solution form, urere injected

into the soil using a syringe type of pÍpettor with a 15 cm cannula which

had a closed end and a side pori. A series of 2 mL injectÍons, 5 cm apart

and 10 cm below the soíl surface, formed a simulated band 5 cm belorv the

seed depth. Reagent grade urea and 32P-l"b.lled MAp were applied ac rates

of B0 kg IJ/ha and 20 kg P/ha except for che control which received urea and

"carrier-free" 32p (the solution referred to as "carrier-free,, contained I

ngTt- 3Lr for greater safety and to reduce adsorption losses during

handling). The radioacrive sol-urions contained 123 knq H332eo4 per mL.

Unfortunately, only one replicate of each treatmenc !/as possible due co a

shortage of time, equipment and amount of 32p which could be safely handled

with available equipment.

Banding Perpendicular to the Seed Row

Radioactive solutions for the three treatments were injected in sets

of bands perpendicular to the direction of the seed ror,rs. Spacing between

labelIed bands \tithin each set was 36 cm. Each series of radioactive bands

\'ras separated from the other treatments by at least 1 m and by fertilizer

bands of a similar but nonradioactive treatment. The treatments íncluded:

the commercial MAP plot near

fertilizer treatments v¿ere

depch of 5

were designed
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-"carrier-free" 32p *ith urea banded betweer- 32p bands (Control)

-labelled MAP with urea placed in the same band (36 cm Dual)

-labelled MAP and urea banded separately (36 cm Separate)

Harvests l¡ere taken from separate portions of the treatment ateas at 2

and 6 wk after emergence and at maturity. Samples were obtained at 6 cm

increments, at distances up to 36 cm a!¡ay from the fertilizer band. Each

sample was from four rows of plancs. In addition, the wheat plants were

monitored weekly using a handheld Geiger-ìlueller survey meter.

Banding Parallel to the Seed Row

Radioactive solutions rrere injected in six single band treatments

adjacent and parallel to every sixth seed row. Similar but non-radioactive

bands were placed 36 cm to either side at the radioactive treatments. The

treatmenËs included:

-"carrier-free" 32P banded below a seed row and urea banded separately

(Contro1, Below)

-"carrier-free" 32P b"rrd"d 6 cm beside a seed row and urea banded

separately (Control, Beside)

-labe1led MAP banded below a seed row and urea banded separately

(Separate, Below)

-labeIled MAP banded 6 cm beside a seed row and urea banded

separately (Separate, Beside)

-Iabelled MAP and urea banded together below a seed row (Dual, Below)

-labelled MAP and urea banded together 6 cm beside a seed row (Dua1,

Beside)
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Harvests were taken from separate portions of each treatment area at 2

and 6 wk after emergence and at maturiÈy. Each sample consisted of I m of

each of the four rows of r,¡heat nearest the labelled fertiLLzer band. In

addition, the wheaË plants were nonitored weekly, using a handheld

Geiger-l'lueller survey meter.

Samples from both sets of experinents qrere dried at 7OoC, weíghed and

ground. Subsarnples !¡ere wet ashed using the nitric-perchloric acid digest

procedure described in Appendix D. Total P concentrations were determined

using the ascorbic-acid molybdate blue method described in Appendix E.

Fertilizer P contents of digests were determined directly by the Cerenkov

counting method using a Beckman 75OO liquid scintillation counter (see

Appendix F).

Results and Discussion

Banding Perpendicular to the Seed Row

The yield and P uptake data from the radiotracer plot were similar to

those frorn the adjacent, replicated plot where commercial, unlabelled MAp

was applied (Table 22). So, although the radiotracer data were from only a

single replicate the data obÈained were consistent with observations made

from the oËher field data. Uptake of fertilízer P from rhe 36 cm dual

bands was delayed until the tillering stage whereas uptake from the 36 cm

seParate bands was observed at emergence. The delay was longer than that

observed in the growth chamber experiments perhaps because of the lower

soil moisture content and cooler temperatures in Ëhe field soil which r¿ould

retard nitrification or dissipation of ammonia. Although dual and separare

treatments resulted in similar total P uptake at maturity, the uptake of
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lable 22. Effect of
Seed Row
Roland.

Labelled MAP Banded Perpendicular to the
on P Uptake and Yield of Spring l.Iheat ar

Treatment Dry Matter
Yield

Total P

Uptake
Fertilizer
P Uptake

llg/h^ kg/h^

Three Leaf Staee Harvest

kg/h^

Control

36 cm Dual

36 cm Separate

Control

36 cm.Dual

36 cm Separate

Control

36 cm Dual

36 cn Separate

o.10 (0.10)1

0.L3 (0.0e)

0.11 (0.12)

2 .3 (2.2)

2.3 (2.4)

2.7 (2.7)

2.5 (2.5)

2.6 (2.7)

2.8 (2.e)

lleading Stage Harvest

0.3s (0.31)

0.43 (0.31)

0.63 (0.s4)

s.e (6.2)

7 .e (8.1)

7 .e (7 .7)

0.01

0.37

3.3

3.1

Mature Harvest. Grain 0n1y

10 (10)

L2 (11)

13 (r2)

4.0

5.1

1 Figrrt." in brackets are neans of replicated Èreatments ín the
adjacent plot where conmercial, unlabelled MAp was applied.
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fertilizer P from the dual bands r,¡as less than that from separate bands.

This contrasted with the growth chamber experínents where uptake of

fertilizer P fron dual bands 'üras at least as great as that from separate

bands of N and P. Grain yield of the 36 en dual band treatment was

intermediate between the control and the 36 crn separate band treatment, the

same as in the neighbouring commercial MAp experiment.

Fertilizer P uptake data of individual 6 cm ror{r length samples showed

few consistent trends, especially with the dual band treatment (Figure 3B).

Part of the inconsistency in the fertilizer p uptake data was due to

variations in the yield of the very short lengths of row. However the

skewed bias ín uptake pattern also indicate possible problems with the

placement of labelled MAP solution during injection. In spite of these

inconsÍstencies, the data show that the wheat took up signifícant amounts

of fertilízer P from as far as 21 cm from the fertilizer band, although

uptake tended to decline as the distance between the plants and the

fertilizer band increased. The uneven pattern of fertilízer p uptake

resembles the data reported by Cabrera et al. (1986) wíth dual banded N and

P on winter wheat in Kansas. Adding urea to MAP bands appeared to depress

uptake of fertilizet P by plants close to the bands but enhanced uptake of

fertilizer P by plants further from the bands. The uptake patrern of

"carrier-free" 32P (not shown) appeared to be similar to that from separate

MAP bands with a rapid decline in uptake of 32P as the distance berween rhe

plant and the zone of 32f application increased.
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Banding Paral1el to the Seed Rov¡

Banding labelled I'ÍAP parallel to the seed row resulred in yield and

total P uptake data that were similar to Ëhose of the adjacenË area where

bands !¡ere perpendicular to the seed row (Table 23). Fertilizer p up_take,

however, from bands placed parallel to the seed row appeared to be slightly
greater than that from bands placed perpendicular to the seed row. placing

the MAP bands either below every second seed row or between the rows

resulted in similar P uptake and yield. Once again, dual banding at 36 cm

spacing delayed uptake of fertilizer P compared to separate urea and MAp

placement.

The fertilizet P uptake data from individual row samples Índicate

that Èhe plants in the row nearest the separate MAP band took up most of
the fertiLlzet P (Figure 39). Plants in rows further from the separate I4Ap

band took up less fertilizer P than those nearest the band but the amount

of fertilizet P taken up by adjacent ror4/s r,ras more than the negligible

amounts reported for MAP placed directly into the seed row (Mirchell Lg5l).

At the three leaf stage, preferential uptake of fertilízer p from separate

MAP bands for row number 3 was greater with MAP placed directly below row

number three than with MAP placed 6 cm to the side. However, at heading

and mature harvests, the pattern of fertílizer P uptake from separate MAp

bands was siurílar for MAP placed either below or beside row number 3. The

uptake pattern of "carrier-free" 32f lrrot strown) was símilar to that from

separate I'ÍAP bands.

Uptake of fertilizer p from dual bands, once

more uniform, ro\^r to ros/, than that from separate

for the more uníform distribution of fertil ízer p

iniÈíated, appeared to be

MAP bands. The reasons

uptake from dual bands
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\À7ere not determined. Hov¡ever, the unifornity came as a result of two

factors. Plants in rows near the MAP band took up less fertlLízer p when

lfAP was dual banded than when I'IAP was banded separately from urea. Also,

plants in rows further fron the l"fAP band appeared to take up more

fertilizer P when urea was added to the MAP band. The addition of urea to

MAP bands íncreased fertilizer P uptake by plants located far from the band

during the growth charnber experiments previously discussed, but there had

been no reduction in fertilizer P uptake by plants located near the band

such as that observed ín the field. In the growth chamber experiments,

however, there r.las no competition from adjacent plant rolvs. In the field

radíotracer experiment, the presence of toxic concentrations of urea in the

dual bands early ín the season may have prevented. the nearest plant rows

from exploiting the fertilizer band until the roots from adjacent plant

rovrs T^¡ere extensive enough to exploit the same band. The presence of high

concentrations of nitrogen in the dual band may also have encouraged root

proliferation in the band by the roots of plants from adj acent ror^rs .
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Table 23. Effect of Labelled MAP
Beside the Seed Row on
Wheat at Roland.

Banded Parallel and Below or
P Uptake and Yield of Spring

Treatment Dry Matter
Yield

Tocal P

Uptake
Fertilizer
P Uptake

ltg/ha keftr^

Three Leaf Stase llnrveqt

0.27
0.26
0. 31
0. 13
0.60
0.19

6.9
5.8
8.3
8.7
7.9
7.9

ke/h^

o. ooe
0. 004
0.53
0.s7

Control, Below
Control, Beside
36 cm Dual,Below
36 cm Dual, Beside
36 cn Separate, Below
36 cm Separate, Beside

Control, Below
Control, Beside
36 cm Dual, Below
36 cm Dual, Beside
36 crn Separate, Below
36 crn Separate, Beside

Control, Below
Control, Beside
36 cm Dual, Below
36 cm Dual, Beside
36 cm Separate, Below
36 cm Separate, Beside

Heading Stage Harvest

0.08
0. 08
0. 10
0. 04
0. 11
0.L2

Mature Harvest. Grain Onll¡

2.7
2.2
2.3
2.4
2.8
2.9

2.6
2.4
2.9
2.5
3.0
2.9

11
l-0
T4
L2
13
13

;¿
4.6
4.5
4.6

;:;
5.0
5.5
5.5
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Figure 39. Fertillzer P uptake by wheat as a function of distance froma band of labelled MAP placed parallel to and either below seed row #3or beside and below seed row #3.
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Conclus ions

The radiotracer data, although from only a single replicate of each

treatment, was consistent with observations made from the growth chamber

experiments using 32P arrd from other field experiments using commercial

MAP. Urea banded with MAP in widely spaced bands inítially retarded uptake

of fertilízer P, but laEer in the growing season, enhanced uptake of

fertilizer P by plants which were not close to the MAp band. The yield

data from the replicated field experiment adjacent to the radiotracer field

experiment indicated that the delayed uptake of fertilizer P from dual

bands may reduce the yield response to p (Table 21).
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4. SUMMARY AND CONCLUSIONS

Experiments r,rere conducted between 1981 and 1984 to determine the

effect of urea on the solubility and plant uptake of banded MAp.

Two types of laboratory studies r,¡ere performed to investigate the

chemical influence of urea and other compounds placed in MAp bands. The

diffusion study indicated that the solubility of P in the MAp fertiIizer

reaction zone vras increased when urea or K2CO3 was added with MAp. The

solubílity of P \.tas not increased when KCl or NH4CI was added with I,lAp. The

increase in solubility r^rith added urea or K2CO3 was likely due to reduced

ca activity and greater anionic competition caused by high pH and high

concentratíons of HCO3 in the reaction zone. The diffusion study also

showed that there vras a region of hÍgh pH and high concentratÍon of

ammoniacal-N which extended beyond the furthest extent of fertíLízer p

movement in a dual band of urea and MAP. These conditions vrere favourable

to the generation of free ammonia whÍch is very toxic to roots.

The elution study illustrated the "snowplowíng" effect, where high

concentrations of added K or NH4 displaced exchangeable Ca from exchange

sites. As ín the diffusion study, much more r^¡ater-extractable Ca was found

in columns treated with KCl or NH4CI than in columns treated wíth urea or

K2CO3. More P was eluted from columns treared with ¡,lAP + urea than from

those treated r,¡ith MAP (only). However, in contrast to the diffusion

study, the increase in solubility of p (as measured by the quantity of p

eluted) was less for urea than for other cosolutes. The high solubility of

P added with NH4cl or KCr in rhe elution study was likely due ro rhe

leaching of dÍsplaced ca out of the columns during erution.
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Since chemical availability, exclusive of any influence by the plant,

is not the sole factor which influences the plant uptake of p frorn

localized placements of P with other fertilizets, plant uptake studies were

also conducted. Several growth chamber experiments vrere conducted using

wheat grown in large growth boxes and Ì,lå,p labelled with 32p.

unfortunately, yield responses to p fertilization were modest to

nonexistent in the growth chamber. No significant differences in dry

matter or grain yield were observed among various treatments where MAp was

applied with or without urea at time of planting. However, in vivo

monitoring revealed that the presence of urea in the MAP bands delayed

fertíIízer P uptake by 3-10 d, likely because of ammonia toxicity in the

dual bands. Rapid uptake of fertilizer P from dual bands followed the

initial delay period, resulting ín relaÈiveIy similar uptake of fertilizer

P at the heading stage, regardless of distance between the band and the

seed row. rn contrast, uptake of fertilizer p from MAp bands applied

separate from urea decreased with increasing distance between the band and

seed row.

An optimum urea concentration study was conducted using urea-N applied

in the MAP band at rares of either 0, 23, 47 or 70 kg/lna. Higher

concentratÍons of urea-N in the MAp band resulted in more delay of

initiation of fertiLizer P uptake. However, the higher concentrations of

urea ín dual bands also resulted in greater enhancement of fertilizer p

uptake from bands placed far from the seed row.

In a succeeding experiment, tr,¡o methods of detoxifying the dual bands

were attempted. Delayed planting reduced the toxícity of Èhe dual bands

but also resulted in less enhancement of uptake of fertil i,zer p from bands
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placed far from the seed row. PPD, a urease inhibitor, had little effect

on detoxification of the dual band or on the beneficial effects of urea ín

the MAP band.

Field experíments with wheat were conducted in SouLhern Manitoba in

1981, L9B2 and 1983. Sites were selected to represent soils moderately but

not severely deficient in P. As a result yield responses to applied p were

small or nonexistent, similar to the responses in the growth chamber.

Grain yields and early season P uptake r¡rere, however, generally greater for
P placed in the seed row, 18 cm dual bands or 36 cm separate bands than for
P in 36 cm dual bands. Presumably, the toxicity of ammonÍa from urea in

the dual bands delayed the access of the crop to fertilizer p until the

tillering stage. Further evidence of this phenomenon \,ras obcaíned with the

use of 32P 
^t the Roland síte where the uptake of fert iLi.zer p from 36 cm

dual bands began several weeks later than that from MAp.bands placed

separate from urea and near the seed row. At all sites, preplant banded p

resulted in grain yields that were not significantly greater than those for

P placed in the seed row. However, at the only site with a significant p

response overall, placement of P in the seed. row resulted in the híghest

yieId.

In summary, the effects of urea on the utilizaxíon of MAp by wheat are

both positive and negative. The chemical availabity of p was enhanced when

urea rras added with MAP in short term studies conducted with soil columns.

P uptake data gathered from field and growth chamber experiments indicated

that although adding urea with MAP increased the uptake of p from MAp bands

that were not close to the seed row, the upEake of P frorn dual bands was

also derayed, regardless of proximity of the dual band to the seed row.
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The reason for the delayed uptake of fertilLzer P from dual bands was

likely the presence of free ammonia which prevented root entry into the

band during the seedling stage.
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6. APPENDICES

Appendix A

DETAILS OF THE DIFT'I]SION AND ELUTION

EXPERIMENTAL PROCEDURES

1) Moisture Retention Characteristics of Soil Used ín Diffusion and

Elution Experiments

Field capacity moisture content of the soil was estimated by two

methods. The first was by adding r,rater to soil columns, allowing the soil

columns to stand for 5 d at 22oC and then measuríng the moisture loss when

dried at 100oC for 30 h. Before the soil was moistened, it was sieved (2

mm) and gentry packed into acrylic cylinders 20 cm long and 4.5 cm in

diameter. The bottom of the cylinders r{as covered with plastic mesh and

the top of the soil column \4/as covered with parafilm punctured with a small

hole. The r¿ater front penetrated approximately 3/4 of the lengrh of the

soil column and only the wetted soil was removed for moisture content

determination. The top third, middle third and bottom third of the moist

soil averaged 29, 23 and 15t, respectively over three replicates. The lack

of uniform vlater content made calculation of the field capacity less than

precise but it was estimated at approximately 23*.

In a second study two soil samples were moistened, then systematically

dehydrated using a pressure-membrane apparatus. The moÍsture retention

data are presented in Table 24. The moisture retention curve r,¡as plotted

and the v¡ater content at 33 kPa was estimated by interpolation.

Preliminary experiments indicated large differences between the



L62

behavior of P in aerobic and anaerobic soil columns. Khalid et al. (Igi7)

also observed that aeration had a large effect on the availability of soil

and fertílizer P. Therefore a slightly undersaturated water content of .24

kg waxer/kg soil was chosen for both the diffusion and elution experiments.

Tabre 24. Moisture RetenËion characteristics of the soil used
in the Diffusion and Elution Experiments.

SoíI l,Iater
Potential

I.Iater Content,
l.Ieighr Basis

kPa

10
27
67

133
Ls2t

Ë

34 .8
30. 1

2r .6
6.8
2.5

2) soir column Handling and Extraction - Diffusion Experiment

The acrylic rings for the soil column r¡rere constructed on a lathe to

ensure uniformity and a smooth seal between rings. Rings were taped

together with plastic "electrician's" tape and using a Nalgene bottle as a

form. The water and soil were míxed thoroughly in plastic bag prior to

being added to the column because of the nonuniformity of infiltration

discussed previously. To maintain aerobic conditions openings were made

at both ends of the soil columns and the moist soil was packed loosely with

a long tined fork. A smooth surface l¡as formed on the top of the soÍI

column by packing an additional amount (10t rnore) of moist soil 1 cm above

the 10 cm height and then slicing the excess off. Columns v¡ere reweighed
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to ensure variability of less than i- g among soil columns. Al1 preparation

and dismantling of the soil columns v¡as done in a smarl, airtíght

preparation room kept fully humidified using a household humídifíer filled
with warm water. The MAP and other salts were stored in a dessicator to
avoid weighing errors due to differences in hydration. For those

treatments receiving IÍAP and another salt, MAP was added first to ensure

even distribution of P. All salts were weighed onto parafilm to reduce

sticking due to static electricity problems. Salts v/ere scattered evenly

onto the surface of the soil columns using a stainless steel spatula.

After taping the protecËive acrylic collar to the top of the soil columns,

the soil columns lrere covered with parafilm. The parafilm was punctured

v¡ith 4-1 rnm holes and the soil columns were placed in an incubaror.

The incubator r,ras a 60x40x30 cm deep polyethylene tub with a lid that
fit tightly against a weaÈherseal. A plastíc grate was used for a floor,
supported above wet polyurethane foam to assure high humidity. The lid of
the box r,ras opened daily to a1low air exchange.

During the dismantling of the soil columns, the rings and putty knife
r{ere carefully cleaned between discs of soil to avoid cross contamination

of samples. It was desirable to maintain a uniform extraction sample mass

of approximately 8.3 g of moist soil to allow for a uniform soil co

solution ratio of 1:20 during extraction. Complete recovery of soil in the

soil columns llas attempted at all stages. Samples for extraction lrere

weighed into tared weigh boats and washed into extraction flasks with 135

mL disËílled v¡ater. After shaking the flasks vigorously on an Eberbach

reciprocating shaker, the contents rdere allowed to settle briefly before

decanting the sorution into 250 mL centrifuge bottles. samples vTere
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centrifuged at 6000 rpm for 10 min then decanted into 2-16x100 mm culture

tubes. To prepare the bottles for acid extraction, excess supernatant was

discarded, except for a remainder of approxiurately 4 mL which was accounted

for in the subsequent acid extract calculations. One of che subsamples of

water extract r,ras analysed ímmediately for pH; the other subsample was

acidified with 0.05 ml conc. H2SO4, stoppered and stored for chemical

analysis. The acid was added to maintaín the solubility of ca, Mg and p

and to flocculate organic matter dispersed by the alkaline sa1ts. The

small volume of acid added was considered insignificant (less than 0.58)

and not accounted for in subsequent calculations.

During the acÍd extraction 135 mL of 0.5M H2SO4 I,¡as added into the

centrifuge bottles whích were Ëhen shaken and emptied into the original

Erlenmeyer flasks. The flasks v/ere covered with vented stoppers during the

acid and vrater extractions to allow carbon dioxide to escape. After 30 min

of vigorous shaking the extracts were filtered using Iy'hatman +42 fiLter

Paper and the filtrate v,ras stored in stoppered 16x100 mm culture tubes for

analysis.

Unfortunately there trere several problems with the \^/ater and acid

extraction techniques described. Other researchers have used soil to vrater

ratios of approximately 1:20 (Strong and Racz 1969; Khasawneh et al. 1974;

Blanchar and Caldwell 1966a). However, if one assumes an average soil to

water ratio in the soil column of 4:1, the 80-ford dilution of soil

solution during extraction may not result in an accurate representation of

the fertilizer reaction zorre. Secondly, during the acid extraction the

acid díssolved compounds that l¡ere otherwise, sparingly soluble in water.

This released cations from precipitates and partsia1ly neutral-ized the acid
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in the process. The latter problem l¡as uinor as illustrated by the fact

that the total amount of ca and Mg extracted was similar for most

treatments - But to facilitate more reliable and complete extraction of
exchangeable catíons it may have been prudent to perform sequential acidic

extractions sequentially using an acidifíed Nacl solution.

3) soil column Preparation and Handrine - Elution Experirnent

There v/ere tsto large problerns to overcome while conducting the elution
experiment: maintaining an aerobic soil column during incubation and

maintaining adequate vrater flow through the soil columns.

Prelirninary experiments indícated that soil columns, 10 cm long and

fully saturated with water (approximately 0.3 kg/kg) were anaerobic. This

was verified both by analysis of the atmosphere with a mass spectrometer

and by the lack of nitrate and nitrite in the eluate. The chemicar

characteristics and elution profiles of anaerobic soil columns were much

different from aerobic soil columns. Yet it was desirable to incubate at a

high water content to allow saturated flow during elution. As previously

discussed, adding less than 0.3 kg water/kg soil to the top of soil columns

resulted in very uneven distribution of water in the soil column, the top

beíng saturated and the bottom barely moist. Prewetting the soil prior to

packing was deemed unacceptable due to the inability to establish uniform

packing and structure. Therefore, it was decided that suction be applied

to water saturated soil columns to draw down the rnoisture conÈent. The

moisËure content of soil columns treated this way was fairly uniform.

Similarily it was decided Èo apply suction to the soil column during

elution to maintain that lower rìraÈer content. The hydraulic conductivity
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of the heavily salted soil columns, especially those with alkaline

treatments, lras often low, probably due to dispersion of the soil

particles. As a result, the extraction apparatus betr+een the Masterflex

pump and the soil column had to be well maintained and air-tight.

4) Automated Nitrate Plus Nítrite Determination of Ï^Iater Extracts

Total nitrate plus nitrite-N was determined using a procedure similar

to that of Kamphake et al. (L967). Ilater extracts were dilured wirh 0.5 M

sodium bicarbonate buffered to a pH of 8.5 before being placed into the

receivíng tray of a Technicon Auto Analyser system. Nitrate lras reduced to

nitrite with copper and hydrazine in arkaline solution at 53oc. The

nitrite was then reacted with sulfanilamide under acid conditions to yield

a diazonium salt. The diazonium salt was then treated with

N-l-naphthylethylenediamine, forming a colored azo compound. Absorbance of

the solution was measured at 520 nm.

s)

Extracts

Phosphorus concentrations were determined on a second portion of the

sample stream used in the automated nitrate plus nitrite determination. As

wíth the manual method, this was adapted from Murphy and Riley (:1962) using

aseorbic acid as a reductant for the phosphomolybdate compex. However, the

automated rnethod includes a substitution of concentraÈed hydrochloric acid

for sulfuric acid and absorption measurement at 815 nm instead of 885 nm.

I'Iater and sodíum bicarbonate extracts !¡ere diluted with sodium bicarbonate

solution buffered at pH 8.5.
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Reasents for Auto Analvzer -

Combined Nitrate plus Nitrite Determination

Color Reagent - 400 rnl- phosphoric acid (H3PO¿*) , 40.0 g sulfanilamide

and 2.0 f of N-1 Naphthylethylene Diamine Dihydrochloride v¿as added into

approximately 3 L of water, diluted xo 4 L. 2 rnI. Brij was added.

Hvdrazine sulfate stock solution - 54.0 g Hydrazine sulfate vras

dissolved into 1800 mL of vrater, diluted to 2000 mL.

Hvdrazine Sulfate Workine Solution - 90 mL stock solution diluted to 4

L using distilled r,rater.

Copper Stock Solution - 2.5 g Anhydrous Cupric Sulfate dissolved in

1000 mL distilled r^rater.

Copper Working Solution - 25 nL copper stock solution diluted to 4 L

lrith distilled vrater.

Sodium H]¡droxide Stock Solution - L20.0 g NaOH dissolved ín 1 L

distilled !¡ater, then cooled and diluted to 2 L.

Sodium Hydroxide Working Solution - 100 rnl, Sodium Hydroxide srock

solution diluted to 1 L.
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- Phosphorus Determination

Solution A - 8.0 g Ammonium Molybdate dissolved in 3000 mL disrilled
qrater. 400 mL of concentrated HCl added slowly wíth stirring.

Solutíon B - 0.4 g of L-Ascorbic Acid added to each 1OO mL of Solution

6) Ammonium Determination bv a Modified Nessler Merhod.

Ammonium-N in water extracts ltas determined using the Nessler method,

modified from Jackson (l-958). Twenty mL of distilled vrater was added to a

50 mL Erlenmeyer fIask. Then 0.5 mL of sodium tartrare sol-ution and L.25

mL of acidified sodium chloride solution was add.ed along vrith 0 .2 xo 1.0 mL

of extract. Water was added to make 23.75 mL total volume. Then 1.25 mL

of the Nessler reagent was added with rapid mixing. After 25 min the

absorbance of the solution was read at 410 nm. Each batch included

standards prepared from a refrigerated, concentrated standard.

Ammonium-N determination by this method was subject to many

interferences including pH. Consequently, ammonium determinations in acid

extracts !¡ere unreliable, varying with dilution factor. Results of

the water extracts were quite reliable, though. Contamination of samples

with free arnines from deionizer columns and contarninaÈed chloroform used to

preserve the ammonium standard solution also presented problems. Shelf

life of the Nessler's reagent was only several wk even with careful sealing

ín an amber colored bottle.

Reagents:

Sodium tartrate - A 108 sodium tartrate solutÍon was prepared by dissolving
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100 g Na2C4H4O6'2H2O in distilled water naking a final solurion of 1 L.

Acidifíed Sodium chloride - A lot sodium chloride solution eras prepared by

dissolving 100 g NaCl in distilled water making a final solurion of 1 L.

The solution v¡as then acidified to pH 2.5 with concentrated HCl.

Nessler Reagent - This reagent is very toxic and corrosive and must be

handled carefully. Firsr, 45.5 g of mercuric iodide and 35.0 g of Kr was

dissolved in a few mL of !¡ater. The l-l-2 g of KoH v¡as added and the volume

brought to about 800 mL. (Note: rt is important to use fresh KoH, not KoH

that has been exposed Lo Co2 resultÍng in contamination with K2Co3. ) Afcer

the solution v¡as mixed and cooled, it was diluted with water to a total
vorume of 1 L. After being allowed to stand a few days the clear

supernatant liquid was decanted into an amber colored bottle and sealed.
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Appendix B

COLUMN EXTRACTION DATA FROM

DIFFUSION EXPERIMENT



Distarrce Fro¡r
Appt icetim

Si te
(cm)

o. 25
o. 75
I .25
1.75
2.25
2 .75
3. 25
3.75
4.25
4.75
s.25
5.75
6. 25
6. 75
7 .25
7 .75
8. 2s
8. 75
9. 25
9. 75

Dlgtdìcê Frcnr
Aplicatim

Si re
( cnr)

DIFFUSIOI EXPERII.IEI¿T - EXTRACTICH DATA FOR SECTIOXS OF SOIL COLI,'{NS INCUEATED FE 19K
pH of Lrater

Extrocts Extractabte
P

8.52
8.48
I .55
8.55
8. 56
I .57
8 .62
8.6f
I .63
I .58
I .60
8.64
8.62
8 .62
I .63
I .68
I .6a
I .65
4 .65
I .65

Âcid
Extrrctrbtc

Ca

3. t8
3.07
3.26
3.€o
3. 53
3.53
3.86
3.90
4.21
3.82
4.08
3.79
4.o8
3.87
3.79
3. 89
3.89
4. f 3
3.8t
4 .34

Ac id
ExtrâctabtG

l{9

¡Jater
Extractabte
(ln3+ltgt¡-*

o. 25
o. 75
t .25
r.75
2.25
2.75
3. 25
3.75
4.25
4.75
5. 25
5 .75
6.25
6. 75
7 .25
7 .75
8. 25
8. 75
9. 2s
9. 75

35.8
34.5
34.5
36.O
3s .3
37.3
38 .6
39. O
42.1
43.9
44.9
43.6
40.8
3A .7
37 .9
38.9
36.9
3t.4
28.6
29.5

Acid
Extractrbtc

K

Yater
Extractabt e

IH¿ - l¡
'--""nalks of soi l

5.9
7.6

rt.5
4.O
5.8
5.8
9.6
3.9
6.O
9.5

14 .3
rt.3
r t.6
rr.6
7.5
7.7

r3.6
9.8

17 . I
13.8

3æ2
2949
292A
2949
30s9
2962
29 t4
2922
29 r9
27 17
2467
30r6
2948
2847
2900
287 I
2868
2885
29r5
2A77

lJater
Ex t roc tabt e

Ca

444
545
427
586
33r
35r
43 I
45 r

528
575
so6
333
568
273
353
414
566
3 r8
370
375

- colJTRoL TREAtt{EitT, REpLtcATE # 1

552
57r
55r
595
564
544
57G
58r
576
548
524
525
539
537
545
5r9
s39
504
528
507

Yater
Extroctabl ê

Hg

49.8 4 t
57 .6 44
42.1 40
56.0 42
43. t 4t
43.2 39
42.5 38
5O.7 39
58.2 40 .

59.2 38
65.4 42
47 .4 39
64 .2 38
38.7 3g
47.4 4i
44.7 36
60. 3 38
45 .2 39
57 .2 40
39.5 4t

Totâl (tbtcr ptr¡ Acld) E¡trûctrblccrlte

gster Acid
Extråctâbte Extractabte

Kp

t5
r5
r3
t8
t3
16
14
t7
20
r6
r6
l4
2t
22
t9
l7

P

'tns/kg

33r
348
344
349
356
343
338
34r
334
342
336
35r
354
357
3a7
338
336
344
347
349

328
345
34r
346
353
339
334
337
330
338
332
347
350
353
343
334
332
339
343
345

21
1¿
to
22

3447
3495
3356
3536
339 r
33 r4
334 5
3373
3447
3292
3374
3350
35 r6
3r20
3253
3 285
3435
3204
3286
3252

602
629
593
65t
607
587
6r8
632
635
608
589
573
603
57G
593
564
599
549
585
546

r57
r59
r53
t60
r55
t55
r53
r56
r60
t55
r59
r53
r59
t6t
!6r
r54
r60
f53
r50
164

H
!



Distance From pfl of
App[ icatiør ExtrâctB

Site
(cm)

o. 2s
o. 75
t.25
t .75
2.25
2.75
3.2s
3. 75
4.25
4 .75
5. 25
5. 7s
6. 25
6. 75
7 .25
7 .75
a.2s
8 .75
9. 25
9. 75

Dirtrre Frqi
AFt icatiør

Si ta
(mì)

DIFFUSIOI EXPER¡}IEIIT - EXTRACTIOI OAIA

I .53
8.5 r

8.55
I .54
8 .54
8. 53
8.54
I .55
8.52
4.56
8.51
8.53
8.53
4.54
a. 55
4.53
I .55
8.56
8.55
8.54

Acid
Extrsctrbtc

Ct

¡,rater
Ex trac tabI e

P

4 .O2
3 .80
3.40
3 .77
4.18
3.84
3. 8?
4.O7
4. 15
3 .97
4.05
3.9A
4.07
3.97
3. 86
a .52
1.26
3 .97
Â .24
4.30

Acld
E¡trâctsblG

t{9

9âter
Extrâctobtê
(tlOr+trgt¡ -,

FOR SECTTONS 0F so¡L coLt {NS INCUEATE0 tm

o.2s
o. 75
f .25
t .75
2 .25
2.75
3. 25
3.75
4.25
4 .75
5.25
5. 75
6 .25
6.75
7 .25
7 .75
a .25
8.75
9. 25
9. 75

r3
tt
t t.6
I r.6
t4.2
18.2
21 .4
22 .4
25 .9
26.8
28.8
29. 3
32. r

3r.4
33.3
32 .9
34. r

35. 3
33.9
33.9

Acid
Extractrblc

K

o
A

lJater
Extrâctsbt e

llH/ -H
'mg7kg of

r8
l7

lrater ¡JsterExtrâctâbtc ExtrâctabtG
ca Hssoit----.----

l7 2â
1734
r 682
173 I
r666
I 798
r865
1767
r809
r 7a8
r909
r829
187 4
r876
t 870
1847
r900
t876
1877
r 875

14.3
16. r
15.2
9.6

ro. 2
t2 .2
8.3
5.9
8.5
8.3
8.5
8.3
6.4
6. t
6.ó
8.8
6.3

rr.3

I rJK - CÐflTROL IREATHEIT, REpLtc¡TE # 2

4 r8
3r5
215
242
329
226
232
393
296
447
429
352
446
305
25r
288
2r9
3r3
28r
418

50r
489
486
486
4't9
486
5r5
508
soo
508
5ro
486
484
493
493
497
545
50r
483
599

275
r t7
93
93
85
74
57

l7t
r26
248
279.
257
283
t3r
70
80
49

rro
95

212

¡Jâ ter Ac i d
Extrâctrbtê Extractablc

Xp

rro
r06
tt6
to8
r05
r r5
tt8
l09

50
45
57
37
64
38
38
44
43
43
46
46
5r
52
42
34
42
48
38
tt3

r6
tt
t5
tO
22
f9
lt

337
338
333
336
329
345
352
347
34a
354
355
35r
350
346
359
349
353
353
3s3
356

Totat (tl¡tcr ptt¡3 Acid) €xtractúlG
ca He

333
334
330
333
325
34r
348
343
343
350
35 l
347
346
342
356
345
349
349
349
35 1

r5
t3
o9
to
o8

2143
2050
| 897
197 4
r 995
2024
2098
2 r60
2 r06
2236
2 338
2 18 r
232 t
2182
2 122
2r35
2 t20
2 r90
2 r59
2294

776
607
579
579
565
s60
572
686
627
757
790
744
767
625
564
577
594
6t I
579
at2

160
t5r
173
t45
t70
153
t57
t54
r59
r55
r62
r56
173
171
f54
t50
r55
r58
f48
t5r

P
!
i..)



Distance Frorn pH of
lpptication Extracts

Si te
(c¡lì)

o.25
o. 75
r .25
I .75
2 .25
2.75
3.25
3. 75
4.25
4.75
5.25
5. 7s
6.2s
6.75
7 .25
7.75
8. 25
8. 75
9. 25
9. 75

0ietüËc Frdlr
App[ icrtiøt

Si te
(cñ)

0lttustot ExpERn{E}¡T - EXTRÂCftot DATA fOR SECÌ¡Or¿s

7 .14
7.22
7.3r
7 .11
7 .45
7 .46
7.6r
7.88
8. ro
8.05
8.1o.
8.06
8. tc
a.l7
8.17
a. 16
8. 15
8.17
8.20
8.20

Acld
Extractòlc

C¡

lrater uater
Extractabte Extrsctabte

P (llOa+rgr¡-,,

665.3
485.5
406.O
292.6
r90.3
ro3. r

42 .8
7.3
3.9
4.O
4.O
4.1
4.2
4.1
3.9
3.9
4.2
4.6
3.7
5. t

Acid
Extrâctabtê

tlg

OF SO¡t COLW}IS IIICUBATED FM

5.9 4t2
9.3 35s

rr.5 304
r9.5 22A
26.9 r82
39.9 I 28
48.7 60
45.4 t7
42 .9 33
38.8 t9
41.4 t 1

39.7 I
39.4 rt
39.5 12
37.9 tr
37. r r5
39. r 14
40. t t8
40.o t6
38.6 t5

Ac id
Extractrbte

x

o. 2s
o. 75
| .25
t .75
2 .25
2.75
3 .25
3.75
4 .25
4.75
5.25
5. 75
6. 25
6.75
7 .25
7.75
8.2s
8.75
9. 25
9. 75

Yater
Extrac tabl e

NH4-H
-re/kg of

2012
r 554
147 7
r 606
r 299
f 345
1627
I 629
r 485
I 585
1704
r 460
r608
r 695
r 536
r636
r 340
t 437
r 509
r 330

Uater
ExtractsbI e

Ca

1 vK - t{ P (cilLY)

Uater
Extractsbte

Itc

J93
204
132
r93
163
273
r94
174
167
r35
r3r
208
r96
r9r
r9r
r9t
248
206
223
167

470
398
385
380
40t
389
420
399
405
412
409
40t
366
425
398
393
400
4to
356
483

TREATHET¡T, REPL¡CAÌE # 1

Hater Acid
Extractabte Extractabte

KP

r04
t26
80
94
84

r38
9t
a7
57
38
55

t72
121
8t
8r
99
76
82
7A
64

7A
72
73
76
8l
80

too
r07
r07
tto
r03
lo4
ro4
rt6
r05
r03
ror
ros
96

l04

71
63
63
62
6i
58
52
45
53
40
48
5r
47
45
a3
46
56
50
40
74

rStt
r37t
t r46
895
655
480
402
352
331
335
34t
337
334
348
349
333
336
334
32 1

344

Totât (t¿ater pl,ro Acid) Extrâctólc

I r46
885
740
603
4€5
377
359
345
327
33r
337
333
330
344
345
329
332
330
317
339

2205
r 759
r6 ro
r 799
t 462
r6 r8
1822
r 804
r653
t7 2l
f 835
t 669
r 804
| 886
t727
ta27
I 589
164 4
1732
r496

575
524
466
474
485
528
512
486
463
45r
465
574
4A7
506
480
493
477
492
434
54a

r50
r36
t36
r38
142
r39
r53
153
161
r5r
t52
t56
r52
r62
t49
150
r57
r56
t37
t78

H
!
L'



Distonce Frdn ÞH ofAFpticåtiøl Extracts
Si tG
(cri)

o. 25
o. 75
1 .25
t.75
2.25
2.75
3.25
3.75
4.25
4 .75
5. 25
5. 75
6. 25
6.75
7 .25
7.75
8.25
8. 75
9. 25
9. 75

Di.tùrcc Fril
Aptlcatiør

Si tc
(trtl'

DI FFUSI OI EXPER ¡I{EIIT

6. 97
7. ro
7 .20
7 .24
7.35
7.50
7 .85
8.50
I .65
8.65
8.60
8.60
8. €2
a .65
8 .65
I .67
8.67
8 .65
8 .63
I .65

Acld
ExtrrctStc

Cr

- EXTRACT¡O¡ DATA FOR SECTtoxs oF so¡L cot_t {Ns INCLAATED Fm 1 tfi _ ñ p (otly) IREATIGHT, REpLtcATE I 2
9ater

Extractâbte
P

693.9
488.6
396. 7
2A4.6
17 t .7
88.7

lrater
Ext rsctabte
(rc3*rcZl-r

37.1
5.7
4.3
4.8
4.2
4.2
41

o. 2s
o. 75
| .25
f.75
2 .25
2.7s
3. 2s
3.75
4 .25
4 .75
5. 25
5. 75
6. 25
6. 75
7 .25
7.75
a .25
8. 75
9. 25
9. 75

t t .2
14.o
17.5
25 .6
37.9
â8.7
5!.7
47 .4
39. 5
40. o
36.7
37.1
379
37. r

36.8
35. r
35.5
35. 7
35.4
36 .4

Ac id
Extrsctabtc

X

Ex*actabre Extractabre er,läiåut" ,r.iålil," ,",111"0..

4.2
4.2
4.O
4.7
4.3
4.2
4.6

Acid
Extructablc

Hg

nn¿-n gt |tS X p-nu/kg of soi t ---------
llH¿-N Ca

398
324
283
203
r21
a2
2t
I
6

ro
6

2rt9
20r3
r85r
r 865
t7 8l
I 799
r673
17fJ2
17 75
r 893
r850
r 938
I 907
1894
r 869
r 830
r 863
I 937
t78 I
r999

332
t89
377
320
253
342
279
280
272
3ro
412
304
29t
345
269
323
3to
25t
rtJ2
432

463
972
47 1

751
477
449
445
469
465
8r4
472
464
475
465
482
6rr
477
4fJ4
469
70 1

tt
3

ro
9
6
a

ro
5

ro

223
ot

t83
t66
6l

r6a
r8t
94
8l

t26
3so
r63
trt
r3r
75
94

lt6
f3
44

239

8r
86
76
84
84
9l
99

ttt
t07
t09
r09
r03
l,t7
t05
r06
ro8
r05
ro8
r06
ro8

67
64
62
58
5t
58
44
57
48
46
46
44
45
44
42
36
34
34
37
52

Totrt (gâtcr ptr.r Âcid) Extractrbtc
P

-nElkg soir------------::-------------------Y x

ra65
137 2
r075
840
614
49r
384
34t
327
35s
348
347
345
344
349
342
348
348
342
347

1 172
883
678
556
443
402
346
336
323
3so
344
343
34 I
340
345
33A
343
343
337
343

2432
2202
222A
2 r86
2034
214 t
r 952
2062
2047
2204
2262
2243
2 r99
2240
2 138
2 r53
2 t73
2 r89
r 963
243 t

687
r065
655
9ta
539
6r8
626
564
546
940
823
647
587
597
558
705
593
558
5 r4
940

t48
t5t
139
t43
r36
t50
144
r69
r55
r56
t56
t48
r63
150
r49
t44
r39
t43
r43
t60

H
!
Þ.



Distsìce Frdn pH of

^ml 
icatiql Extracts

Si tc
(cr)

o. 2s
o. 7s
t .25
t.75
2 .25
2.75
3. 25
3. 75
4 .25
4 .75
5. 25
5. 75
6. 25
6.75
7 .25
7.75
8.25
8. 75
9.25
9. 75

DistüËc Fr6
AFpllcâtlm

Si tê
(cn)

OIFFT'S¡o'I EXPÊRI}IEIIT - EXTRACTTOII DATA

I .93
I .97
9. O2
9. 06
9.07
9. 03
9. 02
9.OO
LA7
I .56
a. 34
a. t8
a.02
L02
LOs
7 .47
L07
L05
8.06
8.02

Acld
Extrâctôto

Ca

9ater
Extractebte

P

790. 5
7 12.6
586. 2
388. r
33.4
t2 .2
9.4
8.6
6.7
5.3
4.4
3.7
3.9
3.6
3.7
4. t
4.1
4.O
3.6
4.4

Acid
Extrâctâbtê

H9

lJâter
Extractsbte
(lr$+xor¡-¡

Fm sEcTlo{s oF solL coLLHNs tilqJBAtÊD FoR r uK - uRE^+HAp rRE T¡rErr, REpL¡cÂrE # t

o. 2s
o. 7s
1.25
t.75
2.25
2.75
3 .25
3.75
4 .25
4.75
5. 25
5.75
6.25
6 .75
7 .25
7 .?5
8.25
8. 75
9. 2s
9. 7s

5.5 1957
4.9 t993
5. o 1904
5.3 t70r
4.8 l47e
7.O t335

tr.3 1046
15. I g16
27.5 5O2
42.9 223
50.8 t28
54.O 95
5r.3 âl
43 .6 19
42.1 21
35. 3 22
36.2 20
34.9 23
38.4 2r
41.7 30

Acld
Extractabte

x

r662
f 573
1741
r 480
r630
r6t3
f 799
r60 |
t 795
r 466
| 698
I 554
l7 14
t667
r623
1844
r 596
r 669
167 2
1722

2t7
r75
r98
r25
99

r56
5t
52

roo
lot
It

r56
260
248
147
t74
t90
t82
t84
258

42t
404
493
428
407
375
4t3
'127

895
405
432
441
4ro
409
437
423
414
445
789
405

t70
r20
r78
r34
77

r70
35
44

f30
55
30
44

r3a
127
43
57
68
57
92

r58

65
62
70
74
77
78
83
99

r05
90

to7
t05

88
86
97
89
73
74
7l
80
65
62
54
50
47
40
43
52
66
72
38
94

P

wlks

1729
r55r
t4 to
938
372
326
340
340
330
327
343
329
326
332
35r
347
334
339
332
333

12
14

Iotct (l¿rter ptr¡e Acid) Extractótc

938
838
424
s50
332
3r3
330
331
323
322
339
325
322
329
347
343
330
335
328
329

r9
t6
t3
l7
2l
o8

t879
t 749
| 94O
r 605
1729
1770
ra50
r653
I d95
r 567
r 789
tTtt
r975
r9 r5
1771
20 19
17 87
| 852
r 856
t98 r

59r
525
672
562
485
546
449
771

r026
460
463
486
548
537
480
480
482
502
88 I
563

r54
t49
r67
r63
t5t
r52
r55
tao
r70
153
t62
r56
r59
155
r63
r69
r79
r89
r60
203

ts
-J(¡



Distsnce From pH of
lppt ication €xtrâct8

Si te
(cm)

o. 25
o. 75
1 .25
1.75
2 .25
2.75
3 .25
3. 75
4.25
4 .75
5.2s
5. 75
6.25
6.75
7 .25
7 .75
8. 2s
8.75
9. 25
9. 75

Dlstúrc Frc¡r
Apt icatiør

Si tc
(cn¡

DITFUSIOII EXPER¡HENÌ - EXTR,ACTIO}I OATA FM SECTI.,IS OF SOtL COLI,HNS

8 .85
8.90
I .92
8.90
I .96
4.95
I .94
I.9r
I .85
a .69
I .44
8.40
8.50
8.60
8.60
8 .58
8.57
8.60
I .59
I .60

Acid
Extractútc

Cà

lJster
Extrac tabt e

P

Uater
Extroctsbte
(þ¡*r¿o2)-l¿

933. 2
799. I

695.7
5ro.2
r t5.2
16.3
ro. 4
8.7
7.2
6.5
5. f
3.7
4.O
3.4
3.9
3.9
3.7

o. 2s
o. 75
| .25
t .75
2.25
2.75
3.25
3.75
4.25
4.75
5. 25
5.75
6.25
6. 75
7 .25
7 .75
8.25
I .75
9. 25
9. 7s

2.5
t.8
r.9
3. r

4.3
7.3

lo. 4
14.5
23,8
37 .6
49. I
53.4
48.9
40. I
36.5
35.4
34.6
34.O
33.6
34.O

Acid
Extrâctâble

K

Yater
Extractabl e

PH¿ -H
-rnglkg of

Ir¡clrB^fED toR

9ater
Extract€bt e

Ca

?309
2r39
r947
r88 I
| 602
r43 t
1267
895
682
39r
26r
tl2
46
It
to

7

3.6
3.8
¡l . I

2324
2 r96
2 177
22A5
r99 I
22A4
22 t7
2416
2 388
2182
2t42
200 I
| 949
r 986
t 940
r9 r6
| 955
r 882
r 866
r989

Ac ld
Extractabtc

t{g

I Ifi - UREA+¡IAP TREAT'{ENT, REPLICATE T 2

189
r96
t45
r86
89

t02
r50
r09
9t

r33
200
258
229
235
233
226
249
250
325
232

Uater
Extrrctabt è

ll9

r 320
roSa
too2
t2r9
882

r r20
785
99r

r 129
I I t3
944
99r
75a
752
8to
740
894
775
703
867

I
l2
ro
la

55
77
63
62
38
52
75
67
GO
63

r20
rol
53
75
56
59
67
79

r16
65

Uater
Extrectsbte

K

78
73
65
7l
77
84
82
80
87
85
99
t2

88
75
79
75
68
64
64
78
62
55
55
43

Âcid
Ex tractabl e

P

I 965
17 44
f545
12 17
5ro
36r
36r
354
346
354
360
35r
352
366
35r
348
350
339
36¿
354

t3
t3
12
t6
r3
o6
o8
t3

lotat

r032
945
850
706
395
344
35t
345
339
347
355
347
348
363
317
344
346
335
360
349

(Uatcr plll3 
^cid) 

Extrrctâbl,Gca Ës

5r
49
43
37
33
40
44
39

25r3
2 393
2323
2472
2080
23A7
2 368
2526
2479
23r5
2343
2260
2 t78
222 t
217 4
2142
2204
2132
2192
2222

I 376
r r35
l066
t2a2
92r

I 173
860

r058
r t89
1 176
r065
r093
8t2
828
866
799
962
854
820
933

t66
t{9
t45
t46
t45
t49
147
r59
t50
141
t54
t55
t64
r63
r56
f53
r46
147
r52
r52

H
.-,1

o\



Di6tance From pd of
Appticatiør Extrôctg

Si tc
(cn)

o. 25
o. 75
r.25
I .75
2 .25
2.75
3.25
3. 75
4 .25
4 .75
5.25
5.75
6. 25
G.75
7 .25
7.75
8.25
8. 7s
9. 25
9. 75

Di.tmcc Fr6
Aptlcatlør

Si te
(cm¡

DIFFUSIOI EXPERIIIEI'T - EXIRACT¡O}¡ DATA FM SECT¡OIS

6.86
7 .O2
7. 13
7 .32
7 _54
7 .73
7 .93
8.OO
a.02
a.ot
8.04
8. ro
8.20
4.45
8.60
8. 70
8.76
8.75
8.80
I .84

^cldExtrâctrbtc
Cc

lroter
Extrsctsbl e

P

702
540
377 .O
260. 3
158.6
56.4

7.O
3.3
3.6
2.9
3. t
3.1
3.1
3.2
3.3
3.7
3.8
4.1
3.8
4.3

Acid
Extrrctótc

Itg

Vster
Ext râctsbte
(lJS+rct¡-t

5
7

o. 25
o. 75
r .25
r .75
2 .2s
2.75
3. 25
3.75
4.25
4 .75
5.25
5. 75
6. 25
6. 75
7 .25
7.75
8.25
8.75
9. 25
9. 75

5.2
5.2
5.6
6.7
9.6

12.3
16.4
26 .2
35 .4
45.a
57 .9
6r.5
60. 7
56.O
46 .4
38 .9
33 .2
32 .7
32 .2
3t.8

oF sotL coLUt{Hs |NqJMTED FOR 1 tfi -

uater Uater
Extrsctable Extråctable

2705
266 I
24 t3
2234
r993
r626
t29t
ro30
766
54a
40l
275
174
90
44
35
34
26
t8
30

Acid
Extrsctabtc

K

tlH¿-N Ca
'--'ne/kg of soi t------

t648
l7 47
t 426
t5 !4
1275
r 283
r 502
r473
I 449
| 466
1647
t 546
t430
t5 t9
1577
l67 t
I 520
14 35
l7 43
r 703

325
394
262
374
386
264
32t
37 I
346
462
493
574
372
3t7
269
243
285
t78
t73
r73

llH4Ct+fiAP TRE^IIEIT, REPL|CATE # l
lJ6teF

Extrectabte

I l7
334
349
364
555
375
4o4
359
379
566
789
394
75r
436
4t8
420
4to
420
424
666

l{9

t90
247
t22
246
t99
r06
84

t19
74

raa
r58
20 1

96
rr6
ro2
lol
r9t
82
73

rol

vater Acid
Extrsctobtc Extractrbte

Kp

42
45
42
45
49
58
65
58
70
74
80
84
92

r07
t05
r06
r04
r06
r07
r tó

8r
86
79
77
8r
ao
80
79
9t
86
85
84
74
73
55
54
44

P

'útlks

r 985
l5t r

1117
830
572
424
358
335
335
327
345
345
350
3¿t
328
336
328
333
335
334

TotrI

| 283
97r
739
570
4t3
368
35r
332
33r
324
342
34 I
347
338
325
332
325
329
332
330

(llatcr plue Acid' Extractabte
cc H9

r973
2 142
r 688
| 889
r662
t548
1423
1fJ4 4
I 796
r 929
2 140
2t2t
r 802
r836
r 846
l9 r4
r 806
r6 f3
l9 r6
r 876

4t
38
45

308
58r
4f2
6t I
755
482
489
478
454
755
948
595
848
552
s20
52r
60r
so2
¡t98
768

r24
t3r
r2t
r23
r30
t39
145
r37
t6r
l6r
r66
r68
r67
r80
r6t
t6r
t48
r48
t45
r60

P
!
!



Distsrce Frorn
Apticatiør

Si te
(cn)

o. 25
o. 75
| .25
t.75
2 .25
2.75
3.25
3.75
4.25
4 .75
5. 25
5.75
6.25
6. 75
7 .25
7.75
8.25
8.7s
I .25
9. 75

Di¡tmcc Franr
Appticâtirt

Si tc
(crn)

D¡FFUsloll ExP€Rl¡EllÌ - ExTRAcItoll DATA Fm sEcTlols oF solt coLtt4tls tllc¡.,eÂTED FoR 1tfi - ttx4ct+tlAp TREAÌI€¡¡, REpLISATE # z
ptl of yâter uater

Extracts Extrcctabte Extractobte
P (NO3+ttgr¡-*

6.80
6 .92
7 .O7
7 .26
7.5r
7 .68
7.86
7 .94
7 .96
7 .9A
8.02
8.rr
L21
8. 35
I .53
8.60
I .62
I .60
8 .60
I .64

Acld
Extrâctâbtc

Cr

709 C
586 .5
380.7
275.A
r55.9
53 .6
6.8
3.5
3.8
3.5
3.5
3.4
3.7
3.5
3.7
4.2
3.6
3.6
3.7
4.1

Ac fd
ExtrsctôbtG

Hg

o.25
o. 75
r.25
r.75
2 .25
2.75
3 .25
3.75
4.25
4.75
5.25
5.75
6 .2s
6.75
7 .25
?.75
8.25
8.75
9. 2s
9. 7s

2 2 270{J-
I .9 2643
r .9 2365
r.8 2199
2.7 ra75
4 7 t684

ro_o t468
t4. t r,t97
20. 3 842
28.8 606
36.4 4 t9
¿3.3 342
47 .2 t90
42.6 92
36 .5 27
28.I t5
22.7 14
18. o 27
16 .6 22
16 .6 21

Acld
€xtrôctrbtê

K

¡Jater
Extrâctabte

|¿H, -X
'mg7kg ot

2177
r905
1734
I 695
16tr
1607
r6 r5
1702
r 706
r 786
t805
r 957
2048
r 957
I 976
2088
1924
r8B9
r955
2024

Vater yater UaterExtractabte Extractabtc Extractabte
caHgK

eoit---------

414
376
303
298
289
343
429
42 I
478
507
488
702
413
390
369
342
240
331
247
27 1

963
6r3
749
874
875
7tr
702
683
52 1

875
973
845
967

r r26
r t55
909
7 r6
778
839
834

r53
r62
90
?a

r07
97

117
I t3
152
r36
152
t62
77
94
9l
92
61

r26
r09
lol

55
49
47
49
5l
54
57
6t
64
73
79
87
99

107
tr9
Ir9
r07
rto
r07
r09

74
7t
74
70
70
78
92
79
8r
86
75
71

Acid
Extråctâbte

P

PCTHgX
-nglkg goi t------------

2045
t64 t
! r39
864
600
432
343
338
337
343
328
342
347
334
347
35r
337
355
348
354

Totrt (grtGr ptrr Âcld) Extr.ctól,.

f 336
r055
758
588
444
379
336
334
333
339
325
339
343
331
343
347
333
35r
344
350

62
53
43
42
32
39
38
39

259 |
228 1

2038
r 993
r90 r
r 950
2045
2124
2r85
2294
2294
2660
246 I
234A
2346
2430
2 r65
222 I
2242
2296

rrt6
975
839
952
983
809
8r9
797
674

totr
r t26
looS
f 045
1220
1247
roo2
778
905
948
936

r30
r20
122
r20
12 |
r33
r50
t4 t
t46
r60
t54
r58
162
r60
r62
t6t
t40
r50
t46
r48

P
-J
æ



0¡ tFUSt0t

Diettrìce Froo pH of
Apl icctiør Extructs

Si rG
(cn)

o. 2s
o. 75
1 .25
r.75
2.25
2.75
3.25
3. 75
4 .25
4.75
5. 25
5. 75
6 .25
6. 75
7 .25
7 .75
8.25
8.75
9. 25
9. 75

DistüEe Fr6
Apticatim

Sl tc
(cflì)

EXPERII{E}IT . EXTRACIIO¡

¡Jåter
ExtractabI e

P

6.94
6.99
7 .23
7 .49
7.9r
a. f 6
8. 33
8.4 r
a .12
8. 45
8.57
I .63
8.82
I .84
8.83
I .85
8.85
I .85
I .90
8.A8

Ac ld
Extrâctabtc

Ca

758.3
6 r9.9
403.8
241.1
r28.3
33. r
3.4
3.3
2.8
2.4
2.9
2.7
3.I
3.2
3.5
3.8
4.O
3.9
4.3
4.9

Acid
Extrrctrbtê

X9

DATA FoR SECTtOt¡s oF so¡L COtt {Hs ¡HC|TEATEO

gater ùrater
Extractable Extrâctabtê

o. 25
o. 7s
I .25
t.75
2 .25
2.75
3.25
3.75
4.25
4.75
5. 25
5. 75
6 .25
6.75
7 .25
7 .75
8.25
8.75
9. 25
9. 75

3.4
27 3o4
2.4 268
4 .4 248
8.O 245

f 6.0 1A7
22.5 t70
3r.t t49
43.â t27
5t.3 98
56.4 64
55.9 21
52.5 13
43.9 I
39.6 7

375

yater Uater vater AcidExtractabtc Extractabte Extrâct€btê ExtrætabtêcaFcKp
eoit---------

r 592
r665
I 448
r33t
l17T
r 325
r240
t4t3
r36r
t4 r3
t 42A
I 426
r55 l
153 I
t4 to
r543
r 538
t5 t8
| 668
204 I

fm 1 tfi - XCI+XAP tRE^f¡tEltT, REPL¡C¡TE # l

34.8
33.4
34 .4
34 .2
34 .6

^c 
id

Ext rrctabt ê
K

37a
328
237
28r
327
279
388
373
434
408
599
420
378
360
523
40r
358
238
263
279

327
354
369
386
354
356
695
670
417
407
393
400
394
433
409
428
â28
760

f 209
1 144

6
tt
5
I
7

57r
225

86
t43
f88
94

t43
99

t43
r06
,|34
158
122
t45
2 r6
r58
t72
t t4
r05
225

r220
tzao
r 268
t t34
ro ro
976
853
724
584
476
39r
2A4
217
r57
r t3
r06
r03
r03
r07
rr6

6 ro8
5959
5526
4823
5lo2
37 42
30s3
24 30
r836
14 17
954
6r3
356
t63
99
63
7l

r37
r03
98

P
¡nslkg coit-------

2162
r 680
I i49
807
544
400
337
345
339
345
335
336
333
348
337
338
338
333
347
346

Tot6[

r 403
r060
745
566
4 r5
367
333
342
336
342
332
334
330
345
334
334
334
330
3¿3
34r

(Yôtcr plus Acid) Extractablcc¡ xe

1970
r 993
I 686
r6t3
r 504
r 605
r 628
1787
r 796
t82 I
202A
r 846
r 929
r89 r
r 933
1944
r 897
t756
r931
232 t

898
579
456
530
543
45r
839
770
560
5r3
527
s58
5r6
579
625
586
600
a74

t3t5
r 369

7 329
7240
6794
5958
6r r2
47 l8
3906
3 r54
2420
I 893
r 345
897
574
32 I
2t2
t70
t75
24t
211
2r5

H
!
\c)



Disttrtcê Frc¡n
Aptlcltldt

Si tc
(cm¡

o. 23
o.7a
t.2z
I .75
2.25
2.75
3.25
3.75
4.25
4.75
5.25
5.75
6. 25
6 .75
7 .25
7 .75
a. 25
I .75
9. 25
9. 75

DlrtrlcG Frdr
ApI icatiør

Si t.
(cln)

oIFFUS¡O| ExPERlt{Exr - EXTRACTIOI DAT^ FOR SECTtoNs oF sotL cott{}¡s ¡ilct8AÌED Fm 1 ¡¿( - KCt+r{Ap îRE^THE|¡T, REPL¡C¡ïE # 2
pfl of gåter yater

Extræts Extrâctabtc Extr¡ctabtc
P (þJ*toz)-r

6,82
7 .o2
7 .20
7 .53
7 .90
8. 19
8.32
8. 32
8.34
I .42
4.45
8.50
8.6r
a .65
8 .63
s.70
8.70
8.70
8.70
I .68

Acld
Extract6btê

Ca

752.6
567.8
354 .8
216.9
ttt.4
22.6
4.2
3.3
3.1
3.3
3. t
3.4
3.1
3.3
3.5
3.9
4.2
3.7
4.O
4.2

Ac id
Extrâctúte

,{e

7.O
6.8
8.6

ro. o
12 .7
20 .4
30. o
41 .2
52 .4
60. 3
62.3
56.6
52,3
42 .7
41.2
30. I
33.8
32.5
32.O
28.9

Ac id
Extractrbtc

K

o.25
o. 75
r.25
I .75
2 .25
2 .75
3 .25
3.75
4.25
4.75
5. 25
5. 75
6.25
6. 75
7 .25
7 .75
8.2s
8. 75
9, 25
9. 75

l¿ater Uåter uoter Hater AcidExtrâctsbtc ExtrâctrbtG Extractabtê Extrsctdbte ExtråctobtcXl{4-tl Ce H9 K p--'mg/ks of eoit------

396
38 1

351
237
220
208
r93
r8r
r34
93
62
39
t9
t2
12
t6
l4
lr
r6
17

2049
1792
t710
t600
r 669
1773
l7 42
r 655
r 768
l 803
r823
1fJ42
r 932
r 952
1952
r908
I 893
r903
| 978
1965

50r
5i9
372
258
273
272
324
375
377
387
438
378
404
365
253
22A
r92
t67
t62
r65

8rt
436
594
474
537
955
705
53r
638
867
680
506
585
512
524
998
538
830

r 269
roo2

r80
r88
t40
74
74

,72
77
7A
79
80

r06
82

ro2
98
57
49
50
42
46
47

r 253
r t33
r084
r062
94a
852
738
602
529
420
329
224
t8t
t2a
t06
t06
t03
too
ro3
r04

6758
6864
5989
5232
465 r

390 r
30s2
237 4
t7 22
r 126
7AfJ
441
203
foo
53
37
46
39
44
45

P
;g/kg soi t-----

2t46
r5 r9
f02r
724
526
386
340
339
343
3¿9
34 1

34 I
342
349
336
338
389
344
344
346

Totrt (urter ptlJs Acld) €xtrâctâbtG
c. Hc

r 394
952
666
507
4 t5
363
336
335
339
346
338
338
338
345
332
334
384
340
340
34r

2550
23t1
2ofJ2
r 859
r943
2045
207 t
203 r

2145
2t9r
226 I
2220
2337
23 r8
2206
2t36
2086
207 I
2 t40
2t30

99r
625
734
549
6fr

ro27
783
609
718
947
787
588
688
6fo
582

to47
588
873

r3r5
r049

80r r

7998
707 4
6295
5599
4753
3790
297 6
2252
| 546
r078
666
384
228
f60
t43
t49
t39
i48
r49

H
æo



Distrtcê Frqlt
Appt icoridt

Si te
(cm¡

o. 2s
o. 75
I .25
t.75
2 .25
2.75
3.29
3. 75
4 .25
4 .75
5. 2s
5. 75
6.25
G.75
7 .25
7 .75
8.25
4.75
9. 25
9. 75

Di¡tæc Frqn
Apl icatlm

Si to
(cil)

o¡FFts¡oft ExpËR¡r,tEr¡T - EXTRACTTOT DATA Fm sEcilots oF sotL coLr.r+rs ¡HcuE TED

pll of yater yâter
Extrocts ExtractablG Extractabtep (r03+rOr¡ -¡

9. 92
9.80
9. 73
9. 70
9.70
9.63
9. 58
9. 35
8 .93
8. 75
I .80
I .80
I .85
I .85
8.84
8.84
I .87
I .82
8. 88
8.90

Acid
Extractabtc

Ca

89r. I
80r.2
694.5
562. 3
345 .6
!40.6
so. o
12.5
4.5
5.3
4.2
4.3
4.3
4.O
3.7
3.5
4.2

o. 2s
o. 75
l .25
r.75
2 .25
2.75
3 .25
3. 75
4.25
4.75
5. 25
5.75
6. 25
6. 75
7 .25
7.75
8 .25
8.75
9. 25
9. 75

o.o
o.8
r.8
5.2
9.7

20.9
38.4
56. 3
54.3
93.9
66. 2
56. 6
43.7
39.8
37.5
36.6
34.8
34 .6
33.9
32.8

Ac id
Extractabte

K

Vat er
Extractabl c

llH, -ll
-mslke or

208
r70
r6r
235
2ra
r90
r53
r29
77
6t
r3
I
I
4
5
I
I
6
4
I

3.6
4.2

r 49a
I 870
l 639
t673
l7 24
r690
r802
r 598
I t45
1944
I 423
r500
147 7
1 425
I 460
| 575
t 376
I 553
r 566
t6 r6

lJEter
Extrectabte

Ca

â.2

Ac id
Extractsbte

Hg

FoR I tfi - KZCoj++{tp TREATI.EIT, REPLICATE # l

l7a
113
rto
t5r
r20
90
9l
96

tt9
218
267
263
2r6
212
212
209
230
21t
l9r
224

Vater
Extract6btc

l+g

8,r6
460
a25
5r6
438
432
435
434
344
86r
440
418
429
43r
4 r5
6ro
826
6f r

9t4
7ro

tt9
69
37

ta9
r53
8t
97

t33
t34
1t4
230
t69
177
t55
t39
97

r35
t26
57

142

Totà[ (¡Jrter ptus Acid)

YÐter Acid
Extrâct$tê Extr6ctabl,e

Kp

2124
r 967
r 934
r 860
17 22
r 540
r202
770
322
265
14 t
t08
r07
r03
r02
r03
r04
ror
Itt
rr6

725 1

64 84
5856
5075
3797
265A
t7 45
983
398
265
rr6
tq8
87

t43
75
68
84
5r
63
63

I 578
r 346
r r88
r04o
835
54r
4ot
35r
280
4r9
357
335
348
342
338
335
341
345
340
358

687
545
493
477
449
400
357
339
275
414
353
33r
344
338
334
33r
337
342
336
353

1G72
| 964
t7 49
r 825
r845
r 780
1894
r694
r 265
2 163
f690
1763
r693
r638
1672
r 785
r607
I 765
1757
t84 t

936
529
463
706
592
5r4
533
568
479
976
670
588
606
586
554
707
962
737
97r
852

937 5
ø452
779 t
6936
5520
4198
2948
1754
72t
530
258
217
r95
246
177
t7 I
t88
r53
175
t79

P
co
H



Oistancê Frút pH of
Appliccticr Exrrscts

si tc
(cn)

o.2s
o. 75
I .25
1.75
2.25
2 .75
3.25
3. 75
4.25
4.75
5. 25
5. 75
6 .25
6. 75
7 .25
7.75
8.25
8.75
9.25
9. 75

Dist*ìce Froot

^ppl 
icåtiút

Si to
(ctn)

o¡FFt',slot¡ ExPER¡llEx¡ - EXTR Cfl(xl DATA Fm SECTIO¡S OF SOIL COLU'ï¡S ¡NCUEATED FOR 1tf, - Kzcql+ll^p tREATtiEltT, REPL¡CATÊ f 2

9.93
9.85
9.80
9. 75
9.70
9.52
9.32
a. 75
8 .60
8.6r
a.7 t
I .60
8.60
8.60
8.7r
8.74
8.75
I .75
I .75
8.80

Acid
Extractablc

Cr

gater
Extractabte

P

916.9
8ro.2
73r.5
573 .4
421 .3
252.O
73.8
t4 .5
6.1
5.2
5.2
4.3
5.O
3.9
4.3
4.8
5.5
4.4

vater yÊter Ustêr Vater Uater AcidExtrsctâbte Extractabte Extrôctrbtc gxtraciabtc Extrôctâbtc Extroctðbtê
.jSli¡l:l--_--_-__--xH4 x ce Ës K p

tng/kg of soi I---------

o. 25
o. 75
r .25
I .75
2 .25
2.75
3. 25
3.75
4 .25
4.75
5. 25
5. 75
6. 2s
6.75
7 .25
7.75
I .25
8 .75
9. 25
9. 75

2.3 r93
r .9 r50
r.8 2t9
4 .6 17A
6.3 176

11.7 166
28.4 tsr
46.7 f 45
62.6 82
70.8 49
62 .9 t7
50.8 f6
40 .2 16
37.4 t5
35.3 9
35.7 t5
35-t ti
35.O !6
35. 7 12
35. f .rs

Ac id
Extrâctâbtê

x

r906
1854
| 904
r 860
1924
r883
I 965
I 987
I 703
r 703
r88 t
r 828
r 885
1947
I 956
l9t4
r832
!939
r8 t4
2t9r

4.4
6.2

Ac id
Extractsb[ê

Hg

265
foo
r65
r33
93

I t7
t02
t49
102
3r8
242
292
225
27s
r83
242
263
t94
241
326

r 380
983

l03 r

838
7A2
766
543

r 465
792
506
6t2

t r82
6t7
79r
740
556
5r6
599
s90

I t86

232
42
96
64
48
56
8t

rto
121
t4 r

rto
r07
72

roo
66

2 r8
r35
58
96

t35

2164
2250
2233
| 995
r 907
r65 r

r 333
834
430
22 1

t38
r t8
112
ft6
107
tto
r07
r08
102
r28

7 27'l
6748
6609
5567
44 83
3067
| 969
r r23
476
262

86
4l

PcrHgx
"îa/kg soit---------

r 587
I 349
1243
l05 I
88r
648
440
369
345
343
348
333
353
354
354
3so
348
346
342
352

Totrl (lhtcr ptr¡o Âcid) Extîactútâ

670
539
5tr
477
460
396
366
3s5
339
338
342
328
348
350
3so
345
343
34t
337
345

38
33
30
30
3s
32
30
37

217 2
| 954
2069
t 994
20 r8
2000
2067
2 137
| 806
202 I
2124
2 t2l
2ltt
2223
2 r40
2 196
2095
2r33
2055
25 17

t6r2
r026
I 127
903
83r
823
6'2¿l

r576
9r3
647
722

f 290
690
89 I
806
774
65t
657
687

1322

9442
8999
884 2
7563
6390
47 r9
3303
r 957
906
484
224
159
t5r
r50
r37
t4t
t42
t40
r32
165

H
æ
r\)



Distsncc Froít
Appt icatiør

Si tc
(cm)

o. 25
o. 75
I .25
r .75
2.2s
2.75
3. 25
3.75
4 .25
4.75
5.2s
5. 75
6.25
6.75
7.25
7 .'t5
8. 25
8.75
9.2s
Ð. 75

DiltæG FrG
Apticâtitrr

Sl tc
(c¡r)

DIFFUSIOI ExPER¡¡lEllr ' EXTRACTIOII OATA FOR SEcllor¡s oF sotL coLurNs txctEATEO Fm 5 9K - Cor¡rRoL îRE^Tr{EflT, REpttc TE # I
pll of gater HaterExtracts Extrâctabl,e Extractâble

P (þl*rOZl-r

8 .6s
8. 70
8. 70
4.70
8.70
4.70
4.73
4.74
8 -74
4.72
8.72
8. 70
8. 73
4.72
8 .70
a.72
4.70
4.72
4.72
9.72

Acld
Extractrbtê

C¡

4.O.
3.9
3.7
4.O
4.1
4.3
4.3
3.7
3.a
4.6
3.8
3.8
3.8
4.O
3.9
3,8
4.3
3.9
3.t
4.7

53
56
56
56
54
58
58
53
56
58
56
57
55
56
60
58
60
60
6t
59

o. 25
o. 75
t .25
r .75
2 .25
2 .75
3. 25
3. 75
4.25
4.75
5. 25
5. 75
6.25
6. 75
7 .25
7 .75
8. 25
4.75
9. 25
9. 75

Håter gater ¡Jater ¡rater AcidExtrectabte Extractobte Extractcbtc Extractebte ExtractsbtelH¿-ll Ca Hg X p---æ/kg of eoit------

32
45
50
54
56
43
4t
2A
32
56
50
50
44

2950
2757
2793
3253
2932
2935
3t95
2889
288 r

3262
2903
3035
27A4
3045
2767
2899
2898
30r3
275A
2890

Acid
Extractrblc

Hg

95 1

398
589
429
468
460
405
450
3t7
48t
496
525
376
396
464
3r9
332
352
412
433

57r
520
536
793
600
557
660
542
626
795
489
65t
473
730
484
5r8
553
83r
653
530

52
39
58
36
62
38
66

Acid
Extrãctsbte

(

t04
65
9r
73
73
77
68
90
63
83

23r
69
66
67
73

I t4
62
64
92

t99

l03
97
97
99

ror
r04
r05
roo
99

r02
r08
92
96

ro3
96
99
96
96
88
62

38
37
3t
36
34
3r
37
30
32
33
32
30
3l
34
34
29
30
30
30
30

343
346
340
353
334
342
348
352
332
342
355
334
340
357
348
3s2
346
346
344
465

339
342
336
349
330
337
344
348
328
338
35r
330
336
353
344
348
34 I
342
340
460

3902
3 t56
338 2
3682
340 r
3395
360 r
3340
3r99
e7 44
3400
3560
316I
34â2
3232
32 r9
3230
3365
3r70
3323

675
586
627
866
674
634
729
633
689
879
72t
720
540
797
557
633
6r5
895
745
729

t4t
r35
f29
r36
r36
r35
t43
i30
132
f36
r40
122
127
r38
t30
r28
126
r26
rr8
93

P
co
UJ



Distañce From pfi of
lppt icatíon Extråcts

Si te
(cm¡

o. 25
o. 7s
Í.25
t.75
2 .25
2.75
3.25
3.75
4.25
4 .75
5. 25
5. 75
6. 25
6. 75
7 .25
7.75
8.25
4.75
9. 2s
9. 75

Dirtæê Fro
Appl icatidr

Sl ta
(crn)

oIFFUS¡O| EXPERII{EI|T'EXTRACÎICH OATA roR sEcrtoNs oF sotL cotu{xs tflctEATED

I .60
I .65
8.76
8. 75
a. 76
8.7s
8.73
8. 76
8. 75
8.74
8.74
8. 75
a .73
6.77
8.75
8.7A
8. 78
8.77
8.73
4.72

lcld
Extrâctrbtc

C¡

9ater
Extrsctabte

P

4.2
4.C
4l
4.4
4.4
4.3
4.5
4.3
4.4
4.O
4.1
4.1
4.2
4.2
4.5
4.3
4.4
4.2
4.2
4.4

Vater
Ext roctabte
(rcr+pa¡-*

o. 25
o. 75
1.25
t.75
2.25
2.75
3 .25
3.75
4.25
4 .75
5. 25
5.75
6.25
6. 75
7 .25
7.'r5'
8.25
8. 75
9. 25
9. 75

50
55
53
54
54
57
57
59
6r
60
62
59
63
60
59
56
58
59
64
C2

9ater
Extractabt e

NH, -¡I
-mslkc ot

6
t3
I

22
14
ro
l4

2890
2794
2868
2A27
2855
2893
294?
2942
28A7
3246
2848
2790
2A42
2928
2892
3060
2543
2680
2633
27 43

¡Jater
Extractabt e

Ca

Fq 5 rfi - 00ilTR0L TRE TT{ENT, REPL¡C TE t 2

Ac id
Extr¡ctablc

Xg

I
14
r8
t6
l7
2t
t8
22
l4
26
2r
l7
20

430
449
350
467
523
567
488
499
414
596
692
585
364
435
354
394
47+
388
520
467

499
532
545
5r6
50f
525
509
545
502
597
5t r
sro
497
540
506
578
435
473
459
557

gater
Extractabtê

Hc

Acid
ExtrôctólG

x

46
55
49
56
59
67
57
55
55
66
66
67
50
54
53
50
54
6r
56
58

Uater
Extractabtc

K

r09
t09
tto
tro
r07
rto
ttr
tr6
r08

4O
42
4t
38
40
47
43
39
38
52
45
â7

Acid
Extractabte

P

t2
r8
l7

342
332
346
338
352
339
343
3s2
342
344
346
340
33r
350
347
350
339
340
34r
348

12
r5
to
t2
tt
tt
o9
t2

33a
328
342
333
34'l
335
338
348
338
340
342
336
327
346
343
345
334
336
337
343

fotll (låtGr ptun Acld) Extractó|,.

42
42
45
39
38
38
38
4O

3320
3243
32 r8
3295
3 378
346 t
34 35
3442
330 I
3A42
354 r

3376
3206
3364
3246
3455
30r8
3068
3 r54
32 rO

546
587
595
573
560
592
567
600
5s7
663
578
578
547
595
s60
628
489
534
5r6
6r6

r50
t5t
r5t
149
t48
t57
r55
i55
f46
t64
r64
r65
r55
r58
r56
r52
r49
t50
r48
r53

P
æ
â.



DIFFUSIO¡ EXPER¡HEHT ' EXÍRACTIO¡ DATA FOR SECT¡Olts oF SOIL cott,ilts ¡¡¡CIBATED Fm 5 v( - x^p (otly) TRE^TIG|{T, REpLtcATE #

'ist'frce 
trom pfi of vater gster uåter gåter vster vater^*li::tt- Extrâcts extr"ci"ute e't"""i"ut. Extractabte Extracrable Extract.b.ê Extracrabte(cn) | (llot+rct¡-* rH/.-N--;--------------,'r;; or go¡t----!:----------------3- (

o.2s
o. 7s
I .25
I .75
2 .25
2.75
3.25
3. 75
4 .25
4.75
5. 25
5.75
6 .25
6. 75
7 .25
7 .75
8.2s
4.75
9.2s
9. 75

Di¡t¡æc Fror
lptlccticr

Si tc
(cln)

6. 75
6.85
7.oo
7.05
6.55
6.45
6.60
6.99
7 -oa
8.2s
I .60
s .62
I .65
I .65
I .6s
I .65
a. 70
8. 70
8. 70
8. 70

Acld
Extr.ctâbtr

Ct

4t2.o
270. t
226.9
r70.6
to6.9
79. 4
65.7
53.5
49 .9
36. 3
17.8
7.1
4.3
4.7
4.2
4.O
4.O
4.O
4.o
3.5

Acld
Extrâctólê

H9

o.25
o. 7s
r.25
1.75
2 .25
2.75
3.25
3. 75
4 .25
4.75
5. 25
5. 75
6.25
6. 75
7.25
T.75
8.25
8. 75
9. 2s
9. 75

t60
172
r59
r69
t77
r66
t49
r40
r29
r23
tt6
! t2
l04
93
87
86
8r
85
90
89

236
209
f96
r45
r06
90
87
62
49
54
50
57
6r
58
46
44
58
5r
46
57

3 r89
3f20
3055
2 799
23a4
3243
3230
2495
2731
27 23
2830
2972
2AA7
2A47
290 r
2898
293s
2858
2777
28s3

664
495
639
709
¿69
so9
372
564
437
465
434
407
441
638
53r
40l
5r8
320
377
532

479
526
5r9
490
5r5
380
42A
484
487
480
554
537
525
532
5t7
534
520
548
5t4
525

Acld
Extrâctrbtc

x

t30
f6r
125
t22
98

232
77

r88
r33
74
74
65
76
93
69
66
73
59
64
89

92
80
86
88
85
83
89

too
99

l03
r03
95

roo
93
92
98
93

r07
89
83

5l
46
45
42
4l
39
39
45
43
4l
40
39
35
37
34
34
34
32
34
35

I

Acid
Extractâb[ e

P

t694
1247
r065
894
6to
539
494
482
468
423
375
353
349
35t
357
348
363
365
342
338

1282
977
838
723
so3
460
428
428
4 r8
387
357
346
344
346
353
344
3s9
36 I
338
334

3853
36 t6
3704
3509
285 3
3752
3603
3060
3 r68
3 r89
3264
3380
3329
3485
34 33
3299
3453
3r79
3 r54
3386

609
688
644
6r3
6t3
6t2
506
672
620
555
628
602
602
625
587
600
594
607
578
6t4

144
126
r3t
r3r
r26
122
r28
146
142
144
r43
r34
r35
f30
127
r32
127
f39
123
t19

H
co
('n



Oistüìce Frorn pH of
Applicôtim Extracts

Si tê
(cñ)

o. 25
o. 75
I .25
t.75
2 .25
2.75
3. 25
3.75
4 .25
4.75
5.25
5.75
6.25
6. 75
7 .25
7 .75
4. 25
8. 75
9. 2s
9. 75

Dlrtütcc trü
Apl icrticr

Si tG
(c'n)

DIFFUS¡o|¡ ExPERll.Exf'EXIRACTICH DATA FOR SECTTONS OF SO¡I cot$+¡s mcrrE^TED

6.90
6.95
7 .o2
7.OO
6.60
6 .52
6 .67
7.to
7 .97
8.37
8.56
I .65
I .60
8. 70
a. 70
8.72
8.70
8. 70
8. 70
o.70

Acid
Ertr.ctåt.

Câ

Yater
Extructsbte

P

387 .8
265. r

2 I r..6
r59.7
to3. 2
80. 9
70. 5
56.2
498
35.7
22.9
8.5
3.6
3.7
3.9
4.1
3.8
3.8
3.7
3.8

lJater
Extrsctabte
(llq+Pr¡-*

o.25
o. 75
r .25
r .75
2 .25
2.75
3.25
3. 75
4 .25
4.75
5. 25
5. 75
6. 25
6. 75
7.25
7 .75
8.25
8. 75
9. 25
9. 75

t8r
207
r98
f90
r86
i80
177
r66
147
l4t
r36
It8
rr6
ttf
r02
ror
98
95
93
96

Acid
ExtrâctSta

K

gater
Extractabte

tlH¿ -¡¡
-íP/kg of

229
r86
l7 I
r3a
t07
60
48
54
55
42
37
40
38
6t
5!
43
55
48
46
4O

3335
3093
297 4
27 21
2290
2t19
227 I
2572
27A1
28 r9
2€'70
28 r8
290 |
2888
2866
2854
2A26
2A43
2898
2826

Uoter
Extractabte

Cg

tm 5 vl( - tt p (oilLy) tREATt€l¡r, REpLtcATE # 2

Ac id
Extr!ctôtc

tl9

89r
542
633
325
355
446
333
4t7
533
436
477
340
366
4tt
409
333
377
404
530
554

Yater Uater
Extractabtê Extractabte

l{g K

532
538
546
5r4
478
42A
475
5r4
544
528
5r7
555
556
532
54a
527
522
52t
554
537

t45
r t5
r06
88
8r
8t
7t
74
76
84
73
59
62
6t
57
92
8r
59
68
76

89
85
84
85
82
It
98

r03

P
-"-'ît€,lkg

6r
54
73
50
99
76
57
56
53
48
50
46
44
4l
41

Acid
Extractabte

P

r3
tt
t9
t2

r646
r 233
roro
852
602
544
500
480
459
4tt
399
340
334
349
36r
347
337
328
337
337

t2
o7
o6
o2
99
o5
o5
oo

Totrl (tartGr ptrr Acid) ExtrcctólG

| 258
968
798
692
498
463
430
424
409
376
376
332
33t
345
357
343
334
324
333
333

43
49
35
48
36

4227
36 35
3608
3047
2645
2566
2605
2989
33r4
3256
3 148
3 t58
3268
3299
32 76
3 r88
3203
3247
3429
3380

677
654
653
603
559
509
547
588
62 I
612
59r
6r5
6r8
594
606
620
604
s80
622
613

r50
r39
158
r35
r82
r67
r55
160
r67
t60
t70
r58
r56
t49
147
r45
t48
t4 t
t54
r36

P
æ
Oì



Distrtcê tron pfl of
Ap[ lcatiør Extracts

Site
(cn)

o. 25
o. 75
t.25
r.75
2.25
2.75
3. 25
3. 75
4 .25
4.75
5 .25
5. 75
6.2s
6. 75
7 .25
7.75
a .2s
8. 75
9. 25
9.75

Di¡turcc Frq
Aptlcatiør

Sl tc
(cn)

DtFFUS¡ot Exp€RttEltT - EXTR CTtof¡ OATA Fm SECTIO{S OF SOt¡.

8. 45
8.55
I .60
I .60
I .62
I .48
I .24
7 .60
-t .42
7 .43
7 .50
7 .59
7 .62
7 .67
7 .90
8.30
8.50
4.62
I .66
8.70

Acld
Extrâctólc

C¡

Vâter
Extrac tabt e

P

623. s
553.8
470.8
257 .9
230. O
t7 1.7
30. 3
t3 .7
8.3
5.3
4.9
5.5
5.5
5.3
4.8
3.8
2.A
3.O
3.2
3.2

Acid
Extractabtc

¡19

Uater
Ext ractabt e
(mq+rcrr-*

o. 25
o. 75
'r .25
t.75
2.25
2.75
3. 25
3. 75
4.25
4.75
s.25
5. 75
6. 2s
6. 75
7.25
7.75
8.25
8. 75
9. 25
9. 75

200
t98
r92
223
267
32r
395
434
453
460
467
47 1

474
454
435
406
380
354
349
35 1

967
959
833
760
682
52A
387
30t
252
26r
309
3t4
t54
93
70
6t
62

ro2
38
92

Acld
Extrectrbtc

K

lJater
Extract6bte

coltl+ls lllcu8 TEO FoR 5 tfi - UREA+¡{ p TRE^IHEIT, REpttcATE f l

3r26
30r3
2437
3030
3376
3696
347 1

2592
2364
2404
2294
2237
2rol
2t15
2124
r 399
r 584
t69 t
r689
17tr

Extrac
9ater 9ster gâter Âcidactabte Extractabte Extractsbte Extractable

CÐNoY^

4 t4
434
224
291
383
3s6
432
460
367
595
5rt
657
556
464
564
542
523
596
604
664

630
554
5r9
582
65r
s83
483
455
468
460
509
429
373
347
367
27t
309
3r3
309
328

8t
75
73
68
97
93
77
79
79

Iro
It6
r37
t36
127
r27
I t4
r07
t12
r07
t44

fotâl (t¿âter Plus
C.

8l
79
70
73
6t
60
55
54
49
57
62
60
6r
68
79
88
99
9r
94
93

8l
l7
80
69
65
69
59
56
55
5l
5t
48
48
49
55
55
53
57
54
56

Acld) Extract¡btc
flg

mclkg Boi t-------

1523
I 360
r r87
8t9
702
589
420
379
360
344
344
349
338
358
34r
34 I
34r
344
344
33r

899
806
7 r6
56r
472
4 t7
389
365
35r
338
339
344
333
353
336
338
338
34r
341
328

3540
3152
3066
3322
37 59
4052
3903
3052
2752
2999
2806
2895
2657
2580
2688
1942
2 to7
22A7
2293
237G

7tl
630
593
6so
748
6'77
56 1

534
548
570
626
566
509
475
494
386
4r6
425
4 r6
473

r63
r56
t50
142
127
r29
114
rto
r05
r08
1t4
r08
Iro
ll7
r34
144
r53
148
148
149

H
co
!



Distrlce Frdlt dt of
Apticatlør Extractg

Si tÊ
(cn)

o. 2s
o. 75
I .25
t.75
2 .25
2 .75
3 .25
3.75
4.25
4.75
5. 2s
5.75
6. 25
6. 75
7 .25
7 .75
8.25
8.75
9.25
9. 75

DirtÙtcc Frcri
Apt icatiør

Sl tG
(('ll)

0¡FFts¡o'[ EXp€Rn€r¡f - EXTR CT¡Ofl OATA Fm sEcttcHs or sotL @LU|{[S

8. 52
8.58
8.57
I .60
8.70
a .63
8.50
8.34
8.OO
7 .75
7 .45
7 .35
7. 15
7. t6
7. fo
7 .50
a .22
8.6r
8. 70
I .73

Ac id
Extractablc

Câ

Uôter
Extrâctsbte

P

563.O
490.7
48t.4
366.7
r78.5
r55. I
70. I
19.9
ro. 2
6.9
4.8
5.1
4.9
4.7
4.9
3.9
3.3
3.9
2.4
2.5

Acld
Extractúte

tlg

¡Jater
Extractabte
( K>5+tlgt¡ -¡

o. 2s
o. 7s
t .25
1 .75
2 .25
2.75
3. 25
3. 75
4.25
4.75
5. 25
5.75
6.25
6. 75
7.25
7.75
8.2s
8. 75
9. 25
9. 7s

t94
188
2t2
220
2r9
23r
275
322
372
413
440
463
446
a62
447
434
380
377
367
364

Vater
Extractabte

ilil, -r¡
-ns7kg ol

¡NüJBATED FOR 5 Ifi . UREA+¡IAP TREAI¡{EIIT. REPL¡CATE T 2

790
8r7
798
776
703
629
50r
389
317
280
260
3r4
215
i39
78
62
3t
33
40
43

Vater gater Våter AcidExtractabte Extractabte Extråctâbtc gxtracieUte
cst4gKp

eoit---------

29 t2
3009
2949
272A
288 r

32 1t
3604
3639
2432
2686
2234
2205
214A
2 147
21 l4
2257
2467
2A23
288 r

2797

575
575
547
390
433
36r
556
4 16
529
537
714
763
547
529
593
632
785
593
7r5
5ro

4tJ2
5r7
495
503
532
594
544
5r I
462
458
379
374
395
350
34t
379
421
465
522
468

Acid
Extrâctåbte

K

59
r52
59

r45
r28
69
70
6l
70
89

Irt
r20
I l4
r20
r28
t24
r40
r55
r t4
t23

8t
77
78
77
74
70
73
68
7t

r04
48
90
57
6r
54
60
34
39
46
35
36
33
32
35
3r
3r
39
40
33

67
r4 t
64

r58
172
78
88
99

r07
rol
r55

r549
r 392
r 367
10r5
646
609
475
404
38r
358
349
345
350
340
352
369
362
339
347
337

986
90 1

885
648
468
454
404
384
37 1

35t
344
340
345
336
347
365
359
335
344
334

Ìot¡l (tl¡tGr ptto Acld) Extractólo

34a7
3585
3496
3r19
33 r5
3572
4 t60
¿056
3362
3224
2948
2968
2696
2676
2708
2890
3252
34 r6
3596
3307

542
669
5s5
649
66r
664
6r4
572
533
547
490
495
509
470
469
503
565
620
636
59r

r85
t26
r69
r34
r36
124
r33
to2
tto
I l4
177
too
f9r
204
r 13
rt9
r30
147
142
r89

H
æ
6



Distsnce trqn pil of
Âpt icatiør Extrætt

Si tc
(cn)

o. 25
o. 75
| .25
I .75
2 .2A
2.75
3. 25
3. 75
4 .25
4.75
5.25
5. 75
6. 25
6. 75
7 .25
7 .75
8.25
8.7s
9.25
9. 75

Distrlce Froñ
Apticatiør

Sitc
(cD)

DrFttstoil Exp€RmEXÌ - EXTn^CT¡OI 0ATA Fff SECTTOfls oF sorL coLr,füs

7. to
7. 16
7. 30
7 .40
7.55
7 .57
7 .60
7.58
7 .40
7 .37
7.36
7 .23
7 .14
7. 15
7. 19
7.08
7 .29
7.40
7 .5C
7 .67

Acfd
Extractabtc

Cô

Vâter
Extrâctrble

p

388.7
2A4.5
2ta.4
r65.9
t13.4
80. 9
5s .5
35. 3
2r.o
9.4
4.3
3.3
3.3
3.6
3.2
3.3
3.3
3.2
3.3
3.6

Acid
Extrsctâbte

tlg

våter
Extractåbtê
(*%*lOZ)-l¿

12t
117
tt8
I l4
r24
r35
t63
r79
200
226
245
281
302
308
327
333
356
368
384
370

o. 2s
o. 75
r.25
r .75
2.25
2.75
3.25
3. 75
4.25
4.75
5. 25
5. 75
6 .25
6. 75
7 .25
7 .75
8.25
I .75
9. 25
9. 75

I r34
I l4'l
t097
roo4
944
9t3
884
853
795
740
682
598
556
469
448
364
363
324
421
406

Acid
Extractable

K

lJater
Extrsctâbte

IH, -fl
-mclks or

¡XOJBATED FOR 5 IJX -

Uater
Extractabtc

Ca

294 3
265 r

253 r

23A5
2262
2524
2490
249 1

2247
2232
24 39
2102
20r5
r 985
2 roo
2 t6l
2299
2435
2342
2606

689
552
678
585
s63
543
473
556
525
608
747
840
889
847

ro35
ro39
r219
ro95
r r88
I t87

xH4Ct+¡¡¡p TRE^THEI|T, REPLICATE # l
l¿ster

Extractôbte
,{c

449
407
38r
409
403
468
455
449
449
442
845
338
280
284
303
340
353
387
436
4€O

t47 67
94 6-l

tto 68
107 60
t12 63
95 63
96 65ro8 67

t t4 ?o
t29 74
160 76
184 76
t94 7t
t97 BO
2tg g4
2t7 86
239 94
221 98
230 to4
238 tOB

gater
Extractabte

K

39
37
4O
30
34
37
55
4l

Acid
Extrætabte

P

4l
33
42
68
45
43
45
47
56
57
57
64

r 856
r 356
lo99
902
663
55r
470
439
392
363
348
345
346
339
336
333
357
353
338
349

r 468
r07 I
880
736
550
4fo
4r5
404
37 I
354
344
342
343
335
333
329
354
3so
335
345

3632
3204
32 ro
2970
2fJ26
3067
2964
3048
2773
284 I
3 r87
2942
2905
2833
3r35
320 r

35 r9
3530
353 t
3793

597
50 1

49r
5r7
5r6
563
552
557
564
572

r006
523
475
48r
523
558
593
609
667
698

r06
r04
r09
90
9A

too
t20
r09
Itt
r08
I t8
r45
f23
t23
r29
133
r5r
r55
l6r
r73

P
æ
\o



Distâræe Frqlt
Appt icatim

Sl tê
(cn)

o¡FFt',Sloll ExP€RttlEllr ' EXTRACTIO¡ DATA Fm SECTIO¡S OF SO¡L COLU¡|IS |IqJEATEO FoR 5 rfi - [H4Ct{{ p TREATH€II, REpttc^TE # 2
pll of gâter Uåter gater yater Vater gster AcidExtracts Ext¡actabte Extrsctsbte Extroctabte Extr8ctobte Extractobtc Extrsctabte Extractable

:----___- 1!5'*zl-* n'4-x - co r{g K p--------ms/rg of soi t ------
o. 25
o. 75
t.25
t.75
2.25
2.75
3.25
3. 75
4 .25
4.75
5. 25
5. 75
6. 25
6. 75
7.25
7.75
8 .25
8. 75
9. 25
9. 75

Dl¡tmce Frsn
AFtlcâtir.ì

Si ta
(qrr)

7. ro
7. t6
7 .30
7 .45
7 .46
7.60
7 .62
7.55
7 .40
7.33
7 .30
7 .22
7.10
7. to
7.10
7 .18
7 .27
7 .40
7 .43
7 .50

Ac ld
Extrâctóte

Ca

358. 7

254.7
r99.8
t56.8
ro9. 3
87. r
5r.6
29.5
t4,g
4.9
3.7
4.O
3. r

3.8
4.3
3.3
3.2
2.9
3.O
2.9

t2a
r33
125
tt9
r29
t37
r50
t67
r84
2lo
256
274
29r
303
3r8
343
355
368
385
357

o. 25
o.7s
| .25
1.75
2 .25
2.75
3. 25
3. 75
4.25
4.75
5. 25
5. 75
6.25
6.75
7 .25
f .75
8.25
8.75
9. 25
9. 75

r r59
r t86
I t30
t026
996
940
890
fJ27
768
689
653
570
507
430
374
343
4 t6
358
333
344

3340
â865
27 26
267 t
2549
2427
237 t
2364
2163
2 123
22G'7
2086
2094
2033
209 r
2157
2207
2303
246A
2132

Acid
Extrrctâbte

Ig

587
374
568
524
500
612
648
548
820
657
82t
422
905
868
880
995

t027
ro84
r t57
I 194

52t
427
435
427
448
414
a29
427
425
400
400
32t
32t
285
3r2
337
349
376
4to
¡tOs

^cidExt rrctâbt G

K

r08
93
99
97
97
94

tto
99

t25
t25
r57
r66
174
r8t
ta7
206
20s
2t3
22t
2t4

56
46
53
48
84
8l
55
49

I l4
68
68
64

r f 3
57
60

147
65
77

t45
8t

79
74
72
79
71
75
70
75
75
78
ao
95
9l
94
92
99

r09
roo
Itr
I 13

1752
t24l
loo5
898
63r
605
458
453
355
342
342
367
343
344
336
333
3s8
335
354
323

r 393
986
805
742
52r
5r8
406
423
340
377
33A
363
340
340
332
330
355
332
35r
320

392 7
3239
3294
3 r95
3049
3039
30 r9
29 t2
3004
2781
3088
2908
2999
290 |
297 t
3r53
3234
3387
3626
3627

629
520
535
525
545
509
539
527
550
526
558
488
495
467
499
543
554
590
632
6r9

r35
120
t25
t2a
t55
156
r25
124
t89
t46
t49
r59
204
r52
r53
247
t75
177
257
r94

P
\o
o



DIFFUSIOII

Distance From pfl of
Appt icrtiql Exrracts

Si tc
(cln)

o. 25
o. 75
1.25
1.75
2 .25
2.75
3. 25
3. 75
4.25
4.75
5.25
5. 75
6.25
6.75
7 .25
7.75
I .25
8. 75
9. 2s
9. 75

Dlrt¡rc Frql
AFI ¡câtlør

Si tc
(dr)

EXPERI'{ENI - EXTRACTIO¡ OAIA FOR SEcltors oF sotL cotrfixs ¡xctSATED Fm 5 |Jx - KCt+FtAp TRE^T¡E}|T, REpLlc¡lE # 1

7. 05
7.1'l
7. 30
7 .60
7.77
7.AO
7.30
7 .23
7 .40
7 .60
7 .?o
8.30
8.55
I .62
I .65
a .71
8.66
I .66
I .67
I .66

Acld
Extrsctrbte

Câ

yater Hater yâter gster Uater Våter AcidExtractsble Extîâctable extraciabtc gxtraciaute Extr.ctâblc Extractsl,ê Extrâctabtc---:--- (rc¡*rc2)-r r'¿-lr co Hs K p'-----'--:--------------nslkg of roit--
454 .7
356.5
224.5
r63.7
84 .4
52 .7
36.5
25.5
15.8
7.8
4.5
3.6
3.5
3.2
3.1
3.5
2.A
3.7
3.6
3.O

Acf d
Extractâbtc

H9

o.25
o. 7s
r .25
t.75
2.25
2.75
3.2s
3. 75
4.25
4 .75
5. 25
5.75
6 .25
6.75
7 .25
7.75
8. 25
8. 75
9. 25
9. 75

t22
l2 |
rt9
r29
r35
144
r50
r53
r50
r56
r60
t45
r3t
r28
r25
t t2
90

I f 3
f09
r r9

t79
l8t
172
t48
124
to2
83
69
50
42
34
38
4l
34
35
49
37
4t
48
43

Acid
Extractabte

x

3123
30r2
2A42
2757
250s
267 t
239 r

2229
200 I
22 14
2 175
2398
2667
2688
27 43
2774
2762
2699
2764
28 ro

554
7A2
592
687
543
789
658
690
705
647
75r
s52
706
629
626
840
76'4
979
983
925

453
432
450
505
443
477
472
7ro
344
368
354
4 f 5
49t
483
446
48t
479
440
466
4tJ2

I t4
r29
t50
121
r03
r55
r99
t30
226
f30
147
tt6
I16
r09
r07
t37
122
r37
266
r46

87r
426
8 r9
793
7 r9
729
686
64 I
597
59s
572
547
537
524
485
43 t
436
4o4
35r
377

28r3
2794
2686
2595
2535
2405
2322
2205
2065
I 969
197 t
f696
r6 r8
t449
r3 r5
1220
I t20
r079
rorT
99r

2lo4
r5ro
r032
794
564
482
439
386
3€'4
353
350
342
345
334
348
348
336
339
350
343

Total (Urter pt(l8 Acid) ExtrôctrbtGc¡ rc.

r649
t r54
807
63r
479
430
403
360
348
345
346
339
34 I
330
345
344
334
335
346
340

3977
3795
34 35
3445
3049
346 r
3049
29r9
2707
286 |
2927
295 I
3373
33r7
3369
36 r4
3527
36 78
3748
3736

568
56r
60r
626
586
632
67t
84r
570
499
so2
532
608
s93
554
6f8
60r
577
752
628

3684
362 I
3sos
3388
3255
3r34
3009
2847
2662
2565
2543
2243
2 t56
t973
r 800
165 r
I 556
I 484
r 369
r 369

H
\.o
H



oistonce Frdn pH of
Appticatiør Extroctg

Site
(cm)

o. 25
o. 75
1.25
r.75
2.25
2.75
3.25
3. 75
4.25
4 .75
5. 25
5.75
6.25

. 5.75
7 .25
7.75
8. 2s
I .75
9. 25
9. 75

Dirtæe Fr(¡i
Apticetim

Sl tc
(cñ)

DlFFUStoil EXPER¡HENT - EXTRACTICfl OATA tOR SECTIONS Ot SO¡L Cot-tllNs

7 .Ol
7.12
7.30
7 .48
7.75
7 .71
7 .2A
7.10
7.15
7.20
7.75
8.20
8.4C
I .60
a .68
I .65
a .65
I .65
4.53
8. 70

Acld
Extrâctrbtc

C¡

9ater
Extractâbte

Þ

470.o
390. 7

250 .2
r43. t
97. r
64.5
43 .4
3r.8
f 9.6
9.6
4.3
4.5
3.4
38
3.O
4.O
2.6
2.4
3.6
3.2

yater gater
Extract8bte Extractabte

o. 25
o. 75
I .25
1.75
2.25
2.75
3 .25
3. 75
4.25
4.75
5. 25
5. 75
6.25
6.75
7 .25
7.75
8. 25
8.75
9. 2s
9. 75

r3
r5
t9
l5
t8
24
33
50
43
48
43

n¡cttsATED Fm 5 vK - Kct$np TRE TT{EtaT, REPLIC¡ÌE f 2

r9r
r88
r50
r49
122
roo
7ô

32 r2
3t19
2A45
28 14
2592
2587
2364
2 r93
2069
2070
20a4
21fJ4
2577
2644
2637
26 12
2685
2627
2637
272 t

gater Våter
Extractsble Extractabtc

c0 Hc

34
3r
23
l9
r5
t5
l7
t3
o6

^cidExtrâctrbtc
t{9

58
56
44
65
4t
36
36
43
42
34
30
32
28

902
92t
534
630
6lr
662
752
525
588
626
773
850
590
664
9r6
694
646
751
899
66r

507
600
526
504
564
526
soo
552
539
534
544
505
s36
505
so3
498
509
495
5r3
474

Ac id
Ext roctabte

K

r59
t25
176
tt5
121
too
186
r58
Ir5
rr6
r33
r38
lt2
f t4
r35
t r5
t20
t94
2t6
tl2

lrater Ac i d
Extractâbtc Extrâctabte

KP

972
827
82t
79t
7t7
695
689
632
58r
563
508
494
534
49r
476
407
423
378
386
389

2927
297 5
2859
27 33
26t8
2s33
2357
2446
2230
2 t7O
2004
r900
t730
r602
r563
t 348
r3 l6
r 266
I t64
t 149

2073
r6 r9
ro r9
744
578
496
440
412
36r
354
322
335
333
340
3 r8
32t
338
327
357
343

Iotât (tâtcr ptue Acld) Extmctótê

r 603
122A
769
60!
48r
432
397
380
34t
345
3r8
33r
329
336
3r4
3r7
335
325
353
340

4l l4
4040
3380
3444
3204
3250
3r t6
27 18
2657
2697
28s8
3034
3 r68
3308
3553
3307
3372
3379
3537
3382

667
726
702
620
689
627
686
7t1
654
6so
677
644
649
620
639
6r3
630
689
730
587

3499
3803
368 I
3524
3335
322A
3046
307a
2A l2
2733
25 12
2 395
2265
2094
2039
r 755
r 739
f644
i 550
I 539

H
\o
À)



Distance Fro¡r
Apticatiør

Si tc
(cm)

DlFFtStor¡ ExpERtr{8il1 - EXTRACTIOfl

pfi of Hâter
€xtract8 Extrâctsbte

P

o. 2s
o. 75
r.25
r.75
2 .25
2.75
3.25
3. 75
4 .25
4.75
5. 25
5. 75
6.2s
6. 75
7 .25
7.75
a. 25
8. 75
9. 2s
9. 75

Dlrtmcc Fre
Apt icatiør

Si te
(cn)

9.90
9.86
9.80
9.74
L73
9. 73
9.7r
9.68
I .65
9. 56
9.50
9. 30
9. 13
8.99
I .85
8. 76
I .73
8. 70
8. 70
8.70

^cidExtractablG
Ca

DATA FM SECT¡OIS OF

9ater
Ext ractabt e
(&*rczl'r

494 .4
428 .4
4Oo. 4
376.3
336 .9
270. 3
303 .4
286.O
r88. t
66 .7
16. I
7.3
6.6
5.6
5,O
4.4
4.O

o. 2s
o. 75
t .25
r.75
2.25
2.?5
3. 25
3. 75
4 .25
4.75
5.25
s.75
6.25
6.75
7 .25
7.75
L25
8. 75
9. 25
9. 75

65
83
95
96
96
93
94
94
96
97

rol
r06
t t2
t04
r07
tro
t20
rt5
t t4
90

sotL coLwxs t|¡clj8 TED FOR 5 tfi -

Vater
Extractabt e

IH, -[
-mglkg or

85
63
74

3.6
3.5
3.6

2880
276 1

2908
29ó8
2927
32 25
34 86
3402
3207
32s7
2T02
2869
2730
2657
2898
2826
2434
2865
290s
29s3

Yåter
ExtractEbt e

Cs

64
45
29
27
32
r9
20
20
it

Ac id
Extmctabtc

t{g

33
3t
50
20
38
t8
33
34

Acid
Extroctob(e

K

405
244
299
236
343
222
t79
325
376
305
r8t
264
229
363
440
360
322
35r
358
468

Kzc%r+rAP TREATI€HT, REpLtc^TE # I

Yote¡
Extrsctâble

l{9

506
47'l
473
502
52A
5r2
562
505
474
480
460
528
497
449
580
453
470
47 I
467
533

83
5t
49
52
64
49
48
49
6l
42
42
42
7l
94
58
58

t07
62
6l
76

Vater Acid
Extractable Extractebte

KP

r 654
r 783
r 807
17 49
r662
r639
r 529
| 399
1224
r ró9
922
83r
6r9
457
363
274
2r8
t80
t5r
t38

3409
3288
3 r64
3028
2A32
247 4
2 338
2083
17È2
| 350
r048
803
663
537
417
32t
234
170
124
t t4

I lo4
962
897
859
8r3
743
421
423
6r9
445
349
347
346
343
350
34A
337
338
348
353

Totât (Uôter ptr.e Acid) Extractabte

609
534
497
4A2
476
473
5r8
537
43t
379
333
3do
339
337
345
343
333
334
344
350

32A6
3006
3208
3r84
327 t
3447
3665
37 28
3583
3563
2883
3r33
2959
302 I
3339
3 r86
3 r57
32l7
3263
3422

589
528
522
s55
592
562
6to
554
536
523
so3
57t
569
543
639
512
578
533
528
609

5063
5072
497 I
4777
4494
4ll4
3868
3483
2976
2500
| 970
| 635
r 283
994
780
596
452
35r
279
252

P
@



Distance From pfi of
Appt icetiør Extrâcts

Si te
(cn)

o. 2s
o. 73
1.25
t .75
2 .25
2.75
3. 25
3.75
4.25
4.75
5. 25
5. 75
6.25
6.75
7 .25
T .75
8. 25
I .75
9. 25
9. 75

Dl¡træG Fr6
Apticatiør

Si rc
(cñ)

9. A6
9.80
9. 75
9.72
9.7r
9. 70
9 .69
9.68
I .66
9.55
9. 48
9. 2l
9. 02
8.90
8 .80
4.74
I .68
8 .65
I .64
8.70

^cidExtrrctâblê
Câ

lJâter
Extractabtc

P

502.7
4ta.9
39 1.O
377.2
342.7
27 1 .9
280. I
267 .O
2r3_3
95. 7
r9.8
9.8
6.8
5.9
5.6
3.9
4.8
5.C
4.6
4.t

Acid
Extrâctâble

Hg

lrstêr
Ert râctabtê
(rc3+ltgt¡-¡

o. 2s
o. 75
r .25
r .75
2.25
2.75
3. 25
3. 75
4.25
4.75
5. 25
5 .75
6.25
6. 75
7 .25
7.75
8.25
8.75
9. 25
9. 75

0F sotL ooLtri¡s txo.r8^TED FOR 5 ¡fi -

94
95
98
99

r02
roo
t02
100
roo
fol
r05
rt6
r20
I t3
120
121
122
t30
124
t29

Vster
Extractabt e

l¡H, -lt
----'--mslkg ot

83
79

r06
56
a6
34
32
46
2A
23
4t
25
88
39
62
4l
42
52
44
48

Ac id
Extrâctabtc

K

2704
2638
27 16
2824
2706
2475
3020
2894
3028
2978
2452
2665
27r¡ I
2757
2760
284 I
28tt
2773
28rr
2670

9åter
Extractabt e

Ca

4to
548
256
426
30a
2t7
370
468
4 i6
r98
5r3
22A
378
270
273
5r2
347
s82
5r I
530

KzC%+I{AP TREATIIE¡IT, REPLICATE # 2

Yåter
Extractabte

ll9

408
397
4o4
54 1

451
496
443
396
357
339
32 I
337
446
5ro
4fo
406
438
41t
4ro
427

54
56
a2
66

t44
44
6l
56
65
38
52
36

244

9ster
Extroctobte

K

r 790
r90 I
t7 32
1776
,r553
r 892
| 533
1475
t2a7
126 r

I r93
789
58 r.
406
638
733
20s
r96
147
rt5

337 2
32 r9
3 roo
308a
2A49
2638
2430
2 187
197 7
r 502
f rorJ
819
685
527
4t9
3to
209
r36
It6
93

Acid
Extråctabte

P

PCaH0K
nglkg eol t------------

43
98
79
50
76
74
77

r r30
945
847
907
800
732
776
749
688
479
356,
348
324
34t
344
36r
352
356
363
339

lotô[ (¡hter ptus Acid] Extrâctôlr

627
526
456
530
457
460
496
442
475
383
336
338
317
335
338
357
348
35r
358
335

3r15
338 7
297 3
3250
30t4
3092
339 r

3363
3445
3t76
3366
2893
3r30
3028
3033
336 r

3r59
3356
3322
320 r

462
453
487
607
596
540
505
452
422
378
374
374
690
554
508
486
489
4tJ7
484
504

5 r63
5r2r
4 833
4 864
4403
4530
3963
3662
3264
2764
2293
r608
1 267
933

r058
l043
4 t5
333
263
209

P
\o
¡-
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Appendix C

COLI]MN EXTRACTION DATA FROM

ELUTION EXPERIMENT



Fraction pore Votul¡s
ìawÖcr Etuted
(h)

I
2
3
4
5
6
7
I
9

to
tt
t2
t3
lâ
l5
t6
17
l8
t9
20
2t
22
23
?4
25
26
27
2A
29
30
3t
32
33
34
35
36
37
38
39
40
41
12
43
44
45

ELUTloll ExPERlt'lEtlT - DAIA FOR ELUATE COLLECTEo FRr,r sorL colrr,rNs TNCUEATED Fm I HK - CoHTROL TREATT{EIT, REpLrcâlE # 1

O.6t
o.8s
l.08
r .29
r .50
1.75
2.oo
2 .24
2 .46
2 .63
2 .82
3.ot
3.17
3. 34
3.52
3.68
3.84
4 .Or
4. t8
4.35
4.51
4.67
4 .85
5.ot
5. 17
5. 34
s. so
5 .66
5.82
5 .98
6. t4
6. 29
6.44
6.60
6.74
6 .89
7 .o4
7 .20
7 .35
7 .49
7.64
7 .79
7 .93
8.08
8.23

ptl of
E I uâte

8. ro
8.rr
7 .96
7.93
8.OO
8.OO
7 .99
7 .9A
7 .94
8.OO
7 .97
7.99
7 .99
8.OO
8.oo
8. OO
8-05

8.c)3

z.ss

8.OO

e.oo

8. 15

e. ls

8. rs

a. t2

8.rt
a.oa

8.o8

e.oe

8.08

e.oe

o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
oo
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.r
o.r
O.l
o. r

o. r

O.l
o. r

o. !
o.2
o.2
o.2
o2
o.2
o.2
o.2
o.2
o.2
o.2
o.2
o.2
o.2
o.2
o.2
o.2

(t%*rc2)-r¡

8l
r30
ro8
65
24

9
2
1

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
I
t
I
I
t
t
I
I
1

2
2
2
2
2
2
2
2
3
3
3
3

'Cmcentration in Etr¡¡te
xH4-I K
-/ræ,/¡t of ctr¡ate

2.6
2.7
2.7
3.4
5. I
3.5
2.6
2.O
2.O
2.O
2.O
3.4
3.o
t.8
2.6
r.8
'r .9
t.9
2.O
| .7
2.6
3.3
2.6
25
1.4

ro
12
l2
to
tt

7
7
7
7

ro
6
6
6
5
5
5
6
6
7
6
5
5
I
6
7
5
5
5
5
5
I
5
5
5
5
5
5
4
5
5
4
4
4
5
5

Câ

t4 t
139
t t4
75
44
33
2A
25
24
23
23
20
t8
21
20
2t
2t
2l
20
t9
21
20
t9
r9
20
20
t9
t9
t9
r9
20
t9
t9
20
t9
t9
t8
t9
20
t9
t9
20
20
20
20

Hg

2.4
1.4
1.4
t.3
t.7
1.7
r.3
L7
t.8
2.3
1.4
1.4
f.3
1.7
L4
t.3
2.2
r.8
1.4
1.7

33,o
34. t
28.o
f 8.3
lo. 7
7.3
6.3
5.6
5.4
5.4
5.2
5.o
4.5
s.o
5.3
4.1

Curutative lotâl
ofp

E t uted

w,
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
t
I
2
2
3
3
4
4
5
6
6
7
7
a
9

to
ro
tf
l2
f3
l4
l4P

\o
o\

4.7
4.8
4.6
4.5
4.6
4.5
4.5
4.6
4.3
4.3
4.3
4.3
4.3
4.2
4.3
4.3
4.O
4.3
4. I
4.3
4.O
4.2
4.3
4.O
4.3
'4.3
4.3
4.5
4.2



Curutative Total
ofP

E tuted
9rg)

Elurlotl ExPER¡t'tEllf - DAÏA FoR ELUAIE coLLEcTED FRo{ soll colt.}l}¡s ltlctBATEo Fe t gK - æ{TRoL TRE^ïI{EHT, REPLICATE # 2

o
o
o
o
o
o
o
o
o
1

2
3
4
5
€
7
I

ro
tt
12
t3
,tÁ

¡lg

ro
29
22
r3
I
7

.6
5
5
5
5
5
5
5
4
4
4
4
4
4
4
5
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
1
4
3
4

Cô

83
r34
98
63
44
34
30
2A
2t
26
21
25
24
25
23
23
23
24
23
23
23
25
23
23
24
23
23
23
22
22
22
21
20
21
22
21
22
22
21
22
2t
23
2t
t9
20

Cørcmtretim in Etr¡ate
( iÞ3+lror ¡ -¡ xlt4-ll X

- " - - - -yglÍL of etuåtê-- -- -

r6
l7
t8
r9
20
22
23
24
25
27
2A
30
3t
32
34
35
37
38
40
42
43
45
46

I
l2
tt
I
7
5
6
6
5
5
5
6
6
6
5
5
5
5
6
5
5
5
5
5
6
5
6
5
5
4
5
4
4
4
5
5
5
4
5
7
4
5
4
4
4

2.2
2.6
3.O
2.7
2.6
2.A
3.3
3.6
2.8
2. t
r.8
1.8
t.o
1.7
2.6
2.6
1.7
3.9
f.6
5.3
5.8
3.7

fto
120
87
43
l9
6
a

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

H
\o
\.t

o.o
o.o
o.o
o.o
oo
o.o
o.o
o.o
o.2
o.2
o.2
o.3
o.3
o.3
o.3
o.4
o.4
o.4
o.4
o.4
o.4
o.4
o.4
o.4
o.4
o.4
O.4
o.4
O.4
O.4
O.4
o.4
o.4
O.4
o.4
o.5
o.5
o.5
o.s
o.5
o.5
o.5
o.5
o.5
o.5

Êl of
E t rJôtc

t. t
2.O
r.5
3.4
r.2
1.7
o.9
t.8
2.t
2.o
1.2
2.4
o.8
r.o
r.8
o.8
o.9
1.2
o.8
t.2
1.2
25
lÃ

8. 15
8.21
8. 19
8.2s
8.3r
a .2A
I .26
I .24
a .27
a .27
8. 25
8.25
8.25
a .26
8.26
8.25
8. 28

. 8.28
g. zs

8. 26

a. zs

6 -21

a'.22

4.22

a.zs

I .24

a'.21

a .21

e.ar

8.20

e.zr

Fraction Pore Votur¡s
Illtòcr Etuted
(h)

o.a4
o. 66
o.88
l.09
1.29
| .49
t .70
t .92
2.12
2.34
2.s5
2.77
3.Or
3.22
3 .44
3.66
3 .86
4.07
4 .27
4 .47
4 .63
4 .80
4 .98
5.15
5.33
5.50
5.68
5.86
6. 03
6.2r
6. 39
6.57
G -74
6 .92
7.09
7 .25
7 .42
7 .60
7.77
7 .93
8.rt
8. 28
8.45
I .62
8.80

I
2
3
4
5
6
.,

I
I

ro
tt
12
l3
t4
t5
r6
17
t8
t9
20
2l
22
23
24
25
26
27
2A
29
30
3r
32
33
34
35
36
37
38
39
40
4t
42
43
44
45



Fraction pore Votues
tlurôGr Etutcd
(h)

I
2
3
4
5
6
7
I
I

to
lf
12
t3
f4
t5
l6
t7
t8
t9
20
2l
22
23
24
25
26
27
2A
29
30
3r
32
33
34
35
36
3t
38
39
40
4l
42
43
44
45

ELUI¡O¡ EXPER¡llEllT'oATA Fe ELUATE COLLECTEO FRO{ SOIL COLut{{s ¡NoJB^TED FOR l tix - ¡tâp (olty) ÌRE^T¡|EIT, REpL¡c rE # 1

o.17
o. 69
o.93
l. r4
| .33
r .55
L?7
I .99
2 .21
2 .42
2.64
2 .86
3. 07
3. 30
3.52
3.73
3.94
4.1â
4 .34
4.54
4.72
4 .88
s. 08
5. 26
5 .45
5 .63
5.8f
5. 99
6.17
6.35
6.53
6. 70
6.A7
7.05
7.22
7.39
7.56
7 .73
7 .90
8.06
a .22
8.40
I .56
8.73
8.89

pll of
Ettltc

7 .42
7 .47
7 .40
7 .40
7 .43
7 .29
7.18
7.tl
7 .o4
7 .OA
7 .O2
7.09
7.lt
7.lt
7.12
7. 16
7. t3

7.12

7'.21

I .40

7'.28

7 .33

7'.34

7.30

734

7 .31

z.eo

7 .33

t'.34

7. 30

7"22

o.o
o.o
o.o
4.O

37.3
6r.6
78 .5
86.3
924
96.O
9t.7
85 .6
8r.9
78 .4
70. s
72.6
70 .2
67.3
62.3
60. 6
53.6
s5. 5
s3.5
5r.l
48.5
49 .7
44 .7
44 .4
42 .7
43. r
4t.6
40. 6
37 .4
37 .7
37 .7
37.3
36. 3
34 .9
34.9
33 .8
32 .3
3r.5
29.8
29. 3
2A.O

(þ¡*roZl-r
-- -- -- -Conc€'ntrotim in Etr¡ate-

r t9
r60
ro2
46
24
r3
6
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
5
5
6
6
6
6
7
7
I
I
I
a
a
I
I
I
I
I

xH4-L K-¡nlil of etr¡ate---

5.4
32
2.5
3.9
4.4
2.4
3. r
3.3
t.8
t.2
1.4
1.4
t.8
2.3
2.7
3.O
r.o
1.3
1.2
o.9
r.9
2.6
1.4
t.3
o.9
o.9.|.o
r.6
2.O
r.8
r.3
o.6
1.4
4.3
r.o
3.2
3.7
r.o
3.2
o.4
o.8
2.6
2.3
2.1
f.4

63
r8
23
to
to
r3
t4
9

to
12
It
I

tt
tt

Cr

133
t56
t08
77
70
68
76
74
73
75
7l
70
62
63
6l
5A
58
58
54
55
53
54
5r
52
5l
50
49
48
48
48
47
47
45
49
45
46
44
45
43
45
44
42
42
39
42

ro
ro
ro
lt
t2
12
It
12
l2
12
tt

l{g

29
34
23
t5
l5
t7
r8
t8
t9
t8
l7
t8
t5
l4
l4
r3
r3
12
t2
t2
lt

Curutatiw lotat
ofP

E tutcd
<¡n,

o
o
o

tt
r09
290
527
790

r062
r 350
t628
ra80
2rr9
2375
25A8
279A
2998
3 t93
3368
354 3
3686
3829
3987
4 t35
427 4
4419
4545
467 3
¿t8OO
4924
5045
5 r60
527 t
5380
5488
5600
5705
5807
5909
6004
6097
6'r97
6280
6367
6a5 I

f3
tt
to
t2
t2
t2
rt
r3
It
t4
t3
lt
t2
t3
r3
t3
14
t3
l4
14

tt
to
tt
to
fo
ro
I
9
I
9
9
I

to
I
9
I
I
I
I
I
I
I
T

I
H\o
Co



Etullol ExPER¡¡lEl¡T ' DAÎA FOR ELUATE COLLECTED FROH SO|L COLtt4l¡s txo.rEATED tOft I t.( - lltp (Gtty) TREAT¡tEt¡t, REpLtc rE ; 2

Fraction Porc VotrÍpg Él of _-_____r.*ær¡-;:^^ :- E,..^^^ Curutative TotalItr¡röcr Etutcd EtùËtG 
--;-----------;;:;----------Cdìcentrâtítrr in Elr¡ote---- of p

----:--- (*%.Tel-! rlr:x. . K ca Fe ErutGd(h) __-___-:-_-t_ --__-__-_--Èrnt of ctr¡cte gn,
I o.29 8.t5 o.o 123 2.2 16 306 35 o2 o.53 8. t5 o.o t39 2.5 t3 166 33 o3 o.73 7.95 13.4 rot 2.g t2 tt7 2A 3a4 o.93 1.Gt. 33.8 55 3. r r I 9t 2g r345 l.l3 ?.so s2.7 J2 3.3 tt rr7 21 2a36 1.32 7.49 64.9 18 3.r I 71 20 4rj77 1.52 7.37 72.G 12 3.7 I r2o 2l lj778 l.7t 7.92 76.0 6 3.r a 70 t9 gag9 l.gt 7.2A 77.4 4 3.7 lo 67 t8 rt2ofo 2.11 7.24 79.5 3 2.5 I 67 l9 r34All 2.3O 7.23 8O.2 3 2.9 I 64 t8 157rt2 2.49 7.22 7g.2 3 2.a I 62 17 1AO213 2.67 7.22 7g.4 3 3.' 9 69 f 7 2Ot614 2.8s 7.21 76.3 3 2 I 7 64 t7 2226f5 3.O5 7.23 lt.t 3 3.O I 58 16 24i.4'16 3.23 7.23 7O.2 3 t.8 7 88 t6 zeg¡17 3.42 7.28 €'4.7 3 2.t I 56 t5 28t9rs s.ss 62.s , ii¡ I s6 rs zggrt9 3.77 7.31 59.7 3 t.9 I 55 t4 3t5820 3.95 54.O 3 1.7 7 5t t3 e3r I21 4. t3 7 .31 52.g 3 2.1 7 52 13 345922 4.3O 5r.3 3 2.A I 52 19 360523 4.48 7'.4C 47.4 3 2.a I 49 t2 373924 4.66 46.-t 4 2.4 I 67 13 ¡eza25 4.84 7.44 47.4 4 2.A I ¿7 12 4ort26 s.Ot 44.9 a 2.t I 46 tf 4t3627 5.16 7.48 41.4 4 3.r I 58 | | 424428 5.34 4O.t 5 2.5 7 44 1! 436329 5.51 7.49 39.5 5 2.8 I 47 t1 447130 5.67 77 .A 6 i .8 a 43 ro 457931 5'85 7"52 àr.s 6 2.O I 44 10 469032 6.02 ?,4.g 6 2.r I 43 I | 479233 6.t9 z.ss ào.o 6 3.o I 52 t2 488634 6.34 33.O 6 2.O I 43 tr 497335 6.53 7.55 3O.O 5 2.O I 42 10 soTt36 6.72 3t.6 5 1.7 I 36 ro 5r7O37 6.89 ?.6t 30.7 5 3.O 9 39 9 526138 7.06 31 .2 6 3.5 9 39 9 534839 7.23 7.6t 28.t 6 2.6 9 38 9 543r40 7 .4O 2A.2 7 2,5 9 38 9 55t341 7.60 7.61 26.3 7 2.t 9 38 I s59642 7.76 27.O 8 r.z ro 38 I 567243 7.93 7.66 27.1 I 2.O to 4g I 574844 8.O9 26.0 8 2.t to 36 I 581845 8.27 7.G2 2g.a 6 3.O I 42 I 5892

H
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F ract ion
Lr.rÉGr
(h)

I
2
3
4
5
6
7
I
I

to
It
12
t3
l4
t5
t6
17
t8
t9
20
2l
22
23
24
25
26
27
2A
29
30
3t
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Porc Votr¡rrs
EturGd

ELtfftota ExPtRt¡GIT

o. 39
o.63
o.8 t
o. 97
t. t2
r .2a
| .42
| .59
1.73
t .87
2.03
2. 19
2.36
2.52
2 .69
2 .86
3.03
3. 20
3. 38
3.56
3.72
3 .88
4.04
4 .20
4 .37
4.55
4.72
4 .8A
5.04
5.2 r
5. 38
5.55
5.72
5.89
6.05
6.2t
6.37
6.54
6. 70
6.88
7.03
7 .20
7 .37
7.53
7 .69

ptl of
Etr¡tc

'DATA FOR ELUATE Co|-LECTEO tRCt{ so¡L coLr,HilS mcwATÊD Fm 1¡fi - tnEA+}tAp TREATHET¡T, REpLtc^TE # I

7 .95
L06
7 .90
a .24
I .58
I .53
8.55
I .59
I .66
I .69
8.77
8.84
I .85
8 .89
8.90
8.9t
I .93

I .92

e. as

8 .90

g.ae

8. 76

e. rs

8.7A

o.o
o.o
o.o
o.o
5.O

16.7
21.4
27.1
28.5
29 .4
3r.l
35.O
37 .4
45.3
45 .2
45 .6
54. r

53.2
6r. t
62 .9
67.O
67.3
66. 2
75. 3
73.O
76 .4
78.O
76. r
75.7
77 .8
7 t .3
72 .6
68 .9
66. 7
63. 4
63 .6
60. 6
57.8
58 .5
56.4
50. 2
53. r

52.O
5t.2
49 .9

(H%*l¡ozl-¡ IH4-X x
-- - - - - -ttSlrf of ctlJtte_--

86
t r5
73
50
36
25
l4
6
4
2
2
2
2
2
t
2
I
I
I
I
2
2
2
2
t
I
2
2
2
2
t
2
I
2
a
a

2
I
2
t
2
I
2
2
2

-Cqìcentratidì in Etr¡ate

6
46
86

t45
175
224
244
260
242
220
224
245
230
241
2so
223
258
223
223
233
227
230
208
2r8
212
223
2t5
2 r6
2ro
200
t75
r76
172
f86
r63
r78
r65
r5r
t48
r48
149
t42
137
140
t4 r

to
27
2A
5l
65
62
54
48
44
38
37
36
32
29
32
27
27
25
24
24
23
22
22
23
22
22
22
22
22
21
20
t9
2t
20
17
f6
t7
i5
f5
l4
l4
l3
l4
r3
r2

79

7A

80

76

8()

I

I

a

I

a

a

Ca

208
3A2
37t
285
2to

99
67
57
48
43
38
35
35
26
28
23
r9
l7

7A

83

lle

42
65
70
67
56
36
25
r9
r6
14
12
lt
It
I
9
6
6
5
5
4
4
4
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
t
I
t
t
I
t
I
t

Curulative Total
ofP

E tutcd
$n,

o
o
o
o

tt
53

l03
r79
246
320
407
508
6r8
754
89r

t024
t r92
I 353
r 539
l74l
I 923
2l 18
2306
2524
27 46
2986
32 t3
3440
3655
3882
4 t04
4314
4 526
4725
4906
5086
s260
5444
5606
5786
5927
6088
6243
6390
6533

16
r6
r5
t4
t4
t3
r3
r2
tt
tt
tt
ro
ro
I

to
ro
I
I

ro
I
I
I
8
8
I
7
I

f\)oo



Froction Porê Volwrg
l¡tmber Etuted
(h)

I
2
3
4
5

.6
7
I
I

to
It
r2
t3
t4
t5
t6
l7
r8
t9
20
2l
22
23
24
25
26
27
2A
29
30
3t
32
33
34
35
36
37
38
39
40
41
42
43
44
45

ELUT¡ol ExPER¡ltEtlT - DAIA FoR ELIJATE coLLEcTEo FRsl soll co{-u{lls IxcwAïED Fm l rr( - tnEAfl{Ap TREAT¡GI',

o.69
o. 89
f . tr
I .27
t.4t
't.5r
| .63
1.76
I .93
2.14
2.30
2 .46
2.62
2.7A
2 .96
3.12
3.3r
3.48
3 .63
3.8r
3.98
4. t5
Â.3t
4 .4e
4 .65
4.8t
4 .97
5. 14
5. 30
5 .47
5.66
5.83
5.97
6. t3
6. 30
6 .47
6 .64
6 .84
7.03
7. t8
?.32
7.51
7.72
7 .85
8.09

Èl of
E I uate

7 .79
8.26
I .49
8.48
I .53
8.70
8.60
8 .86
9. ro
9. 23
9. 20
9. 18
9. 16
9. t4
9. 15
9. 13
9. 15

9. t4

s. r¿

9.07

g.se

I .98

a. ga

a .9a

e.sz

9. Or

g. or

9. Or

g. sz

9. 05

s. oe

o.0
o.o
o.o
o.o
o.o
o.o
5.3

15.6
t7 .4
24.5
40 .4
52.O
60. I
67.8
76.5
8r.o
82.5
83.3
86 .6
90. o
85.6
87 .6
85.4
83. 2
8r.9
79.3
79 .4
78 .9,
70.9
71 .8
67.5
5a. 5
51.5
60. 2
53. r
54.r
s2.o
48.8
49.2
5r.5
43 .4
45. r
39.7
39 .9
3r.3

(É%*nozt -r

r69
t68
89
37
t9
t2

7

Concentratiøt in Ett¡ate-
rH4-I K-'--')nfif of ctu¡tc---

4
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

l7
63
67
58
47
83

r79
347
¿69
47€'
422
384
368
343
33 l
317
3t1
306
312
304
289
292
269
264
257
258
235
235
223
2 r9
196
r95
195
t92
r88
t94
172
174
t7t
r62
f56
r63
r48
r49
r48

r5
14
2t
20
2t
33
60
75
78
62
56
50
47
43
39
35
33
29
33
29
30
27
28
26
23
23
23
23
2l
20
23
r8
i8
r6
r5
r5
r5
l4
13
t3
t2
lt
It
lt
ro

Ca

23 I
334
303
241
217
204
t54
124
t27
79
50
40
3l
27
20
f8
t5
l4
r5
t2
t3
It
l2
tt
tt
tt
tt
ro
ro
ro
to
I

to
9
I
9
I
I
I
I

ro
I
I
9
I

REPTICATE # 2

Curutative Total

,lc

50
75
70
57
54
5r
44
35
33
r9
t3
ro
I
7
5
4
3
2
3
2
2
2
2
2
I
I
I
t
I
2
2
I
I
I
I
t
I
I
I
t
I
t
t
t
I

ofP
E tutcd
9¡c)

o
o
o
o
o
o

ro
47
98

ra2
294
439
6t1
80f

l040
127 I
r 537
I 795
2026
2304
2557
2A24
3064
3323
356 r

3792
4020
{ 254
4464
468 r
4907
5084
52 38
54 r6
5578
57 47
s903
6074
6240
6372
6480
6636
6777
6870
6993

l\)
(>
H



Fractim Porc votLæs Ël of
lluùcr Etutcd Etuate
(h)

I
2
3
4
5
6
7
I
I

ro
lt
l2
't3
td

ELUÎ¡O¡ EXPERIIIEI¡I . DATA

o.52
o. 76
o.97
t. 15
t .2a
I .37
l.4a
r .58
r .68
r.79
r .90
2.05
2. t9

'2 .33
2 .47
2.63
2.7A
2.9t
3.05
3. 20
3.34
3.49
3 .63
3 .84
3.96
4.09
4 .23
4 .37
4 .55
4 .69
4 .83
4 .98
5. t3
5.2a
â .42
5.56
5. 78
5.88
6. t3
6.22
6. 39
6.55
6 .69
6.8r
6.90

7 .22
7. ro
7.08
7 .27
7. 16
7. 16
7.15
6.9r
6 .97
6 .86
6.83
6 .99
6 .9C|
6 .89
6. 92
6 .88
6.90

7.05

7'.27

7 .37

7'.G7

7.6r

7.09

7 .87

7 .71

z.ag

7. 16

7'.26

7.72

z.so

7 .98

t5
t6
l7
t8
t9
20
2l
22
23
24
25
26
27
28
29
30
3r
32
33
34
35
36
37
38
39
40
4l

Fm ELUATE C0LLECÌED tROt SO¡L COLtt$ts txcuB^tEo foR 1 rfi

o.o
o.o
o.o
o.o

2A.2
93. r

218.2
293 .6
30r.5
275.A
22t.O
186.3
t63.6
150. 4
r35.9
125.7
r 14.5
Iro.2
96 .8
97.8
91.4
85 .7
85. 9
76. 1

78.8
74.8
69 .8
68.8
63 .9
55.8
s5.5
54 .9
48.O
47 .3
49.O
45.5
43 .7
39. 7
39. 4
36. 7
35.7
37 .7
34 .7
29.C
27.6

(Þ3+rcr¡-*

r30
t20
58
2A
t4
tt
20
35
35
40
39
33
34
32
3r
30
30
25
24
21
l7
r8
17
20
ro
10
to
t3
t9
t2
6
a
I
I
7

to
16
6

t3
4

Cørcentrat ion in Elr¡atc
r¡x4 - L
'¡m/ù oÍ eluate-

117
rooo
2245
27 41
r 508
9r5
592
449
372
304
263
244
2to
188
t79
t66
r50
r54
r36
t43
t43
r36
r3t
t21
123
r23
121
r16
r03
l04
t06
t05
ror
r05
99
93
96
93
88
94
86
86
80
85
a2

42
43
44
45

llH4ct+firP IREATTGHT, REPLICATE t l

53
212
433
346
r6r
90
62
42
37
2A
23
22
t8
r9
l6
t5
t2
t3
t3
12
tt
ro
l2
to
It

7
l4
I

tt

Cô

| 399
5004
527A
2246

75â
f65
a2
60
5t
4l
35
39
3t
24
22
t9
l7
17
l4
r5
t3
t3
t2
tt
tt
ro
to
ro
9
I
8
I
I
7
7.

I
tt
I
7
I
7
7
7
7
7

IC

267
68 1

628
340
t 13
27
12
I
6
4
4
5
4
2
2
I
t
I
I
t
I
I
I
I
I
o
o
t
o
o
o
o
o
o
o
o
I
o
o
o
o
o
o
o
o

Cl,lutrtive Totât
ofP

E lutcd
Ç,€,

tt
12
t3
6
5

o
o
o
o

49
178
s68

l09 r

r643
2 r86
2653
32r5
3665
4075
44 53
484 I
5t7r
5438
5704
5992
G242
6494
6730
70r3
7 t95
7389
7565
776 1

797 t
8r25
8268
8429
8558
Bè92
4827
4947
It22
9 r98
9367
9429
9538
9647
9736
9800
9852

7
lo
6
I
7
I
6

lo
7
7
7
I
5
I
6

ro
¡,.)ot)



Frection Porc Votúps
lluröer Etuted
(h)

t
2
3
4
5
6
T
I
9

ro
tf
l2
t3
14
t5
r6
17
t8
t9
?o
2t
22
23
24
25
26
27
28
29
30
3t
32
33
34
35
36
37
38
39
40
4l
42
d3
44
/¡5

ELUrlOl EXPER¡llEtlT - oAT^ tm ELUATE CÐLLECTED tRO,t SOIL coLLHflS t[qJB TED FOR I rfi - xn4cl,+]t p TREAI6¡T, REpL¡C^TE # 2

o. 4c
o.6c
o.8 r
t.oc
t.25
t.45
r .63
I .8C
t ,9€
2.tt
2.26
2 .40
2 .5â
2 .68
2.A2
2 .95
3. 08
3 .22
3.37
3.5r
3.67
3.8r
3.96
4.tt
4 .26
4 .40
4 .57
4.71
4 .86
s. oo
5. 15
5. 30
5. 46
5 .60
5 .77
5.9r
6.06
6. 20
6. 35
6 .49
6 .67
6 .77
6.93
7.11
7 .26

Ët of
E I r¡ctc

7 .21
6.a9
6 .89
7.OO
6. ?3
7 .14
7 .45
7 .50
7 .51
7.53
7.50
7 .55
7.6 r

7 .63
7 .69
7.TO
7 .83

7 .A2

7'.8A

7.9r

z.ss

7 .97

z.ss

8.OO

7'.gt

8.OO

e.oz

7.99

g.oe

7 .80

r.go

o.o
o.o
o.o

20.7
r t3.9
r87. t
239. 3
238 .8
222.1
r96.9
r62 .9
r62.5
143.2.
r33.4
120.4
117.4
r09. o
r05.9
97 .7
97. 3
86.8
82.O
76.8
70. 5
67 .2
67.5
62 .6
60. 3
60. 7
55 .8
52 .4
53. I
48 .8
48 .2
43.7
44 .4
40.6
39.5
38.4
36.9
35.o
34 .8
3r.8
32 .6
29. 6

(x%*rcZ)-¡ lt'4-lt

r92
r03
55
30
t6
to
9

to
to
l3
t2
t2
It
lt
rO
ro
11
tt
ro
ro
to
ro
ro
9
I
I
I
I
I
7
7
7
7

Cmcenttatirt

r97
1720
2532
2155
r 462
748
50r
344
275
240
209
r99
r84
t73
174
t66
156
t50
147
t4 t
137
r39
126
r20
I r8
rr5
r09
ro7
r03
99
96
96
92
90
87
87
84
8t
82
79
80
75
77
78
7t

in Et@te-
x

70
363
348
214
t23
55
36
25
2A
23
22
26
t9
t9
22
22
20
t8
r9
r8
I
I

ro
ro
tt
I
6
I
a
8
I
I

l4

Ca

3028
5674
39 r9
2597
I 450
224
l2t
67
57
49
48
3t
40
34
34
3t
25
33
43
22
2l
t6
t3
t8
l3
24
2l
2t
24
25
r3
I
6

30
3t
t6
21
2l
27
t6
25
27
23
t5

I

tlc

383
668
5t8
276
123
36
f6
9
I
6
5
4
4
3
3
3
3
3
2
2
2
I
I
I
t
t
I
I
I
t
I
I
I
t
I
f
t
I
o
o
o
o
t
I
o

6
7
7
7
7
7
7
7
7
I
9
6

Cun¡lâtiì¡è Totrt
olP

E tutcd()

o
o
o

54
440
925

15t't
2ror
26'14
3044
34 35
3805
4 136
4454
47 4?
50t4
5288
5557
583 r
6080
G338
6548
6769
6967
7 t62
7310
7529
769 r
7865
800€
8f58
8304
8456
8584
87 t8
8833
894 7
9056
9t59
9259
9377
9444
954 t
9648
9733

I
I
9
7
7

2t
17
7
7
6
6
2

t\)
O(,



Frsct i on
tl(rrùcr
(h)

I
2
3
4
5
G

7
I
I

ro
tt
l2
t3
l4
t5
t6
l7
r8
t9
20
21
22
23
24
25
26
27
2A
29
30
3t
32
33
34
35
36
37
38
39
¿to
4t
42
43
44
a5

Pore Vott¡es
E t utGd

ELUTIOI EXP€RtI€XT

o. 53
o.80
t.04
1.20
t.34
t .49
t .62
t.75
t .89
2.02
2.17
2.30
2 .43
2 .55
2 .68
2.8r
2.94
3. 15
3.29
3 .42
3.53
3 .64
3.76
4.06
4.17
4 .29
4.54
4 .68
4 .82
4 .96
5.09
5.22
5.36
5.50
5.63
5.78
5 .96
6. 12
6.25
6.37
6.57
6 .68
6.84
6.98
7.12

Él of
EIl.lTG

- 0ATA FoR ELTATE cotLEclEo tRo{ sotL co'l-lxlls ll¡ctBATEo Fq t vÍ - xct+r{ p TRE TTE¡Ì, REpuc îE l l

7 .85
7.58
7.â3
7.58
7 .52
6.90
6.9r
7 .32
7.53
7.86
8.04
8.03
8.02
8. r t
8. 12
8. 15
8.rr

8. 15

a'.27

8. 25

a. ze

8. 12

a'.22

8.20

a.z¡

I .22

e. rg

8. 15

a.oe

8.05

8'. t4

o.o
o.o
o.o
o.o
4.4

44.1
97.5

r45.3
r65.2
177.9
174 -O
t67.9
t53.8
142.5
r33.9
12r.9
r13.5
tos. r

93. 2
a7 .8
78.5
86.2
69. 4
7r.9
62. 3
6r.2
5s. o
56 .6
44.1
4't.8
43.o
42 .2
40.2
38.4
34.3
33. r
32. r
24.9
2A .2
27 .7
29.1
24.9
24.A
24 .3
20. 5

(llQ+ltgr¡-¡

92
t5
a9
63
43
27
r9
l4
14
9

t2
12
t2
12
t2
t2
t2
It
rQ
tt
It
tl
It
It

Concentratian in Etr¡ate-
XH4-!¡ K
'ltglîa oî etrçte

t4
t28
430
342
r85
r39
97
7l
59
47

43
2999
6723
6504
4430
29 r9
1922
r 269
962
67?
568
48a
47 I
424
397
360
36r
327
3ro
303
276
30r
252
280
243
233
2t5
234
r95
20s
r9r
t9t
r87
t8t
209
175
t67
126
t49
r63
147
r49
r48
r35
t6r

37
35
32
36
32
2A
25
23
t9
r8
17
i8
t5
30
t5
l3
r6
t6
14
l4
t6
f3
f3
t6
t3
t2
t2
I
7

tt
9
8

ro
t2
20

Ca

I
I
9
I
I
I
6
7
7
7
7
7
7
6
7

6
6
7

7
7
7

lor r

242 t
2620
2 r63
r 620
944
46 I
192
r46
a2
72
62
64
54
53
49
5t
45
46
41
42
45
38
66
40
37
3l
35
30
32
4l
84
29
32
4t
3l
2A
26
2A
30
32
29
2A
29
30

ÉC

84
roo
102
r 13
rlo
r04
8t
33
22

9
6
5
5

.4
3
3
3
3
2
2
I
2
I
6
I
t
I
I
t
t
t
t
I
t
I
o
I
o
o
o
o
o
o
o
o

Cutr¡tative Total
ofp

E tutcd
9'e)

o
o
o
o
I

t02
306
607
985

I 405
r849
2257
263 I
2966
3293
3609
39 rA
4 336
4587
48 10
4994
5r9r
5369
5770
5908
6053
6298
G447
6s63
6693
6804
6908
'to25
7 128
7 219
7321
7 434
75r3
758 r
7653
7762
78 r5
7896
7965
802 r f\)o

s.



Frâction Porc Votures
Ir¡rù.r Etutcd
(h)

t
2
3
4
5
6
7
I
9

ro
lt
12
t3
1ô

ELufloll ExP€RltCt¡I - DATA FoR EtuATE cotLEclEo FRol{ soll cotu{l{s lxctBAtED Fq I g¡ - Kct+}r p TREIT¡¡E¡¡Ì, REptIc^TE # U

o. 29
o. 49
o. 67
o.9r
1 .l2
r.32
t.5r
f .69
I .87
2.03
2. t9
2.34
2 .49
2.6t
2.73
2 .86
2 .99
3. tt
3.34
3. 49
3 .60
3. 75
3. 93
4.08
4.21
4 .35
4.52
4 .6q
4 .84
4 .98
5. 15
5.3t
5.45
5.6t
5.77
5.93
6.09
6. 25
6.4 r
6. 57
6. 73
6.90
7.06
7 .22
7 .40

dr of
EllåtG

7 .59
7 .48
'l .47
G.7t
6.95
7 .27
7.66
7.77
7 .63
7.68
7 .57
7.76
7 .87
7 .99
8.Ol
8.Or
8.04

7 .90

a. l¡

8.02

e. zs

4 .22

a'.22

I .25

a.zg

4.22

e.¿s

a.21

a. ze

8. ra

e. re

t5
f6
17
t8
t9
20
2l
22
23
24
25
26
27
2A
29
30
3t
32
33
34
35
36
37
38
39
4O
41
42
43
44
45

o.o
o.o
6.8

62 .8
r34.3
l7 I .4
r93.7
179.7
172 .3
r55.5
r39.6
r25.6
112.7
tto.7
ro5. o
92.O
9r.6
89.5
85.5
al -2
76.7
73 .4
7r.o
66.5
65.2
6r.6
54 .2
54.O
5r.9
50. 'r

46 .8
45 .6
44.O
40. c
39.O
37 .4
37. I
34.6
33.5
29 .7
30. 7
29. r
28.3
26 .6
26. 3

(rc3+rct¡'¡

r90
134
89
49
24
l7
r2
to
r3
r5
t8
l4

Cmcentrotim in Etuate-
raH4-ll x
'ltglÍI of clr,ratc-

23
152
r96
r56
95
59
4O
32
24
17
t3
t5
t3
17
r5
t5
l4
1/t

l4
l4
t3
r3
14

t 423
5284
58 33
4247
224 1

r 263
845
624
530
459
4 r9
399
383
360
344
334
3r5
324
302
314
249
261
263
260
266
25r
243
24fJ
249
245
229
220
220
2r3
2r5
214
206
2t3
r98
r99
'r8 r

t80
t67
r59
r58

l2
lÂ
2
o
3
4
2
3
3
3
3
2
t
t
I
t
I
I
t
I

Cc

2 36¿
3058
2 r80
to4 t
365
t26
52
39
30
25
22
2l
t9
r8'
t8
l7
t5
t5
t5
t3
r3
l2
lt

t3
t3
12
rO
It
r3
9

r3
I
I
I
7
7
6
7
I
6
5
6
5
4
4
3
4
3
3
2

tlc

433
525
368
170
59
26
to

7
5
¿,

Ct¡u(ati\rc Totat
ofP

E tutcd
w,

o
o
o
o
I
o
9
I

o
o

t8
299
690

r t80
I 726
2 r83
2G,52
3039
339 I
3685
3960
4193
4422
4655
4fJ7fJ
509 l
5447
5662
5833
6037
6280
6466
6634
680 t
6969
7 123
7296
7 424
7579
77 t2
7830
7950
8062
8r73
4287
839 r
8489
8573
4664
8754
8835
89 r5
8998

3
3
2
2
2
2
2
t
2
t
I
I
I
I
I
I
t
I
I
I
t
t
t
t
I
t
t
t
I
o
o
t
I
t
I

It
t2
to
to
ro
ro
I
I

tt
9
I
I
I
7
I
7
7
7
I
7
6
6

N)o
lJl



Fraction porê Votr¡Ec Él oftll¡'ôcr Etutcd Etr.¡te(h)

I
2
3
4
5
6
7
I
9

ro
tt

Etur¡ol ExPER¡l{EllT - DAIA Fq ELUATE COLLECTED FROr,r sotl coLtt*s 
'.û,TBATEO 

FOR l rrx - K2c$+¡¡p rREAr]G]rr, RE'L'CATE I I

o. 07
o. 23
o. 40
o. 56
o.69
o. 86
o. 99
t. t6
1.32
I .47
I .63
t.79
| .95
2.10
2 .26
2 .42
2.57
2.7i
2 .87
3. 03
3. 19
3. 34
3.49
3 .65
3. 79
3.95
4. lo
4 .26
4 .40
4 .56
4.71
4 .86
5. or
5. 16
5.3f
5 .47
5.6r
5.77
s .92
6.07
6 .22
6.37
G. 52
6 .67
6.82

12
13
t4
t5
t6
l7
t8
r9
20
21
22
23
24
25
26
27
28
29
30
3t
32
33
34
35
36
37
38
39
40
4l
42
43
44
45

8. 26
8. OO
a .22
7 .99
7.96
8.Os
a .22
I .46
8.54
8.63
8.68
8.74
I .80
I .89
I .97
9. .to
9. 15

9. 02

g. ro

9. 17

s. as

9.26

s.sr
9. 33

g. sz

9. 40

s. ¡¿

9.50

s. se

9. 55

g. sg

o.o
o.o
o.o
o.o
o.o
o.o

54. r

r33.O
136.4
r39.2
125 .4
r33.3
r52.6
r54.3
r56.9
r54.6
r55.O
141.8
136 .6
t26.8
t33. r
106 .6
106.c
95. f
48. r
89. 7
83.2
80. r

73.s
74.Â
69 .6
59.9
59. I
50. 7
54 .9
5r.5
4A .2
44.O
42.5
38 .9
34.5
34 .9
33.I
33.4
3r.9

(Hb*roZ)-x

89
r57
233
t8t
a2
38
t5
6
5
2
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
c
o
c
c
c
c
c
c
c
c

-Cmcentrrtiút in Etr.¡ate
ltH4-)¡ K

1t
t3
tl
tt
t2
r8
46
65
69
76
73
72
8t
83
88
90
9t
90
74
65
58
52
49
49
48
4l
4O
37
38
37
30
30
30
26
22
23
22
2t
t9
25
25
23
f9
r3
20

-)n/ú ol ctuate-

r6
14
t9
21
33
3T

3r9
685
730
674
637
554
524
459
444
394
380
339
330
327
3rt
280
303
259

35
264
244
2r3
r99
226
259
2ta
20r
t94
t90
182
177
r68
170
r66
r5t
r53
r5t
144
r38

Ca

f33
235
368
474
435
340
t94
94
a2
85
88
85
69
48
58
37
29
l9
t7
r5
l4
t3
r3
't2
tt
tt
tt
rt
ro
lo
tt
rO
ro
I
9
9
9
I
9
I
I
I
I
I
7

tle

23
47
98

r25
r36
r30
72
24
t6
12
tt

Curutatiw Totat
ofP

E tutcd

w,
o
o
o
o
o
o

r39
558
962

I 373
17 48
2t4a
2598
3049
3524
3988
4433
4869
5242
5636
6038
6343
6653
6949
7 197
7 477
7720
7959
8r73
8399
8604
I 785
8957
9fo8
9269
94 30
957 l
9703
9A32
9946

roo5 I
ror53
ro254
r0353
r0449

ro
I
5
4
3
3
2
2
2
2
2
t
I
I
I
t
t
I
I
t
I

¡\)o
o\



Frôct ioñ
llt¡ùcr
(h)

I
2
3
4
5
6
7
a
I

ro
tt
l2
f3
f4
t5
t6
l7
t8
t9
20
2t
22
23
24
25
26
27
2A
29
30
3r
32
33
34
35
36
37
38
39
40
4t
42
43
44
45

Porc Voturcs
Etutcd

E[UTlol EXPERII{EI¡T'DATA Fe ELUATE COLLECTEO FRO{ so¡L colt.$+{s ¡HqJB^TËO FOR I tf, - Kzct+fi p TREATT{E}|r,

o. 38
o. 55
o. 73
o.89
t.04
t. t5
| .22
t.3t
1 .47
r .63
t .a2
r .96
2.tl
2 .27
2 .44
2 .60
2.al
2.9Á
3. f 3
3. 30
3 .47
3.6r
3 .82
3 .97
4. t8
4.34
4 .49
4 .67
4 .90
s. 06
5 .27
5 .42
s.59
5.A2
6.02
6. 20
6.4r
6.57
G.77
6 .93
7 .16
7.34
7.53
7 .75
7 .90

pll of
E I urtc

7 .92
8. 19
7.8t
7 .69
7 .76
8.09
I .45
8.Os
7.76
7.55
7.76
8.07
7 .97
7.96
7 .62
7 .69
I .55

9. 03

s. r¿

9. 20

a. as

8 .70

s. rz

9. 17

s.oe

9. t6

s. ze

9.3r
g" 27

I .22

g. re

o
o
o
o
o
o

12
9A

r46
r78
r94
r93
r93
t72
172
r59
144
t42
t3l
r3r
t20
t l7
112
r03
97
96
92
87
86
80
75
7l
68
6r
59
53
52
49
49
45
38
39
37
36
35

(ut*to¿l-r

r70
242

95
4l

-Cørcentratian in Etuate

25
20
l4
2l
r8
20
It
5
5
5

r3
l4
3
I
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

ltH¿-lt x
-¡mlnL oÍ ctuate

7
6
7
I

to
14
25
34
34
30
40
44

l4
t8
t7
l7
r8
52

422
9r4

roo4
rot5
96r
830
876
770
6a4
643
536
6r7
5t I
495
526
4fJ4
434
486
546
437
425
360
465
346
325
390
348
326
344
370
290
306
276
296
336
307
30r
437
28r

46
45
4O
¡13

63
67
67
65
62
60
60
53
al
42
33
38
35
33
30
29
26
27
23
23
23
2l
r9
t9
t8
r6
t6
l4
l4

Ca

2ro
359
3r8
3r9
2AA
242
34t
2tl
r60
r50
137
t16
r15
r02
94
87
8l
9l
73
69
70
67
62
7t
62
55
62
59
50
66
52
55

r32
56
58
60
58
56
26
5r
5r
60
53
52
57

REPLICATE # 2

Curutðtive lotrt

llg

48
83
8r
8t
?9
79
67
36
24
r8
l4
It
ro
I
7
6
6
5
4
4
3
3
3
3
2
2
2
2
2
2
2
2
2
2
2
2
I
I
t
I
I
I
I
t
t

ofP
E tuted
w,

o
o
o
o
o
o

l5
t9l
629

t t49
i800
2304
zfJt4
33 tO
3855
4295
48t4
5 t47
5562
5960
6298
6583
€966
723A
7563
78t5
80s8
a3r3
8629
88 34
907 r
9250
9433
9648
9829
9975

rot39
r0258
r0407
r05f4
r0646
r0753
1086 r

r0978
r 1060

N)o
!



Ctrn¡tative Ìotat
ofP

E Lutcd
grc)

ELUTIq EXPER¡¡GHÌ - D^TA FoR ELIJ T€ cotLEcTEo FRo{ so¡L cotLHHs ¡llctBATEo FoR 5 tfi - corúTrcL ÌREAT¡E¡¡, REpLrcÂTE f I

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

,o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
oN)

o
Co

lle

t7
20
23
27
22
t5
to
7
6
6
5
I
5
5
5
5
5
5
5
4
7
5
5
4
4
4
5
5
5
4
4
5
4
4
4
A
4
4
4
4
4
4
4
4

4

C.

76
85

to8
tr8
96
64
44
35
30
28
27
35
25
27
24
26
23
23
23
23
3t
23
24
22
22
23
24
25
24
23
23
24
23
24
23
23
22
2t
21
2t
23
23
22
2l
2t

Concentratiqr in Elt¡ate-
xH4-I K
'¡nlrt of clt¡te---

t3.a
lo. o
ro. 7
ro.9
ro. 3
4.2
7.6
6.3
5.7
5.7
5.4
7.4
5.8
6.3
5.6
5.2
5.9
5.o
5.3
4.3
5.3
6.8
4.8
4.3
4.7
5.8
5.o
4.8
5.2
4.9
5. t
4.2
4.5
4.8
2.9
3.4
5.2
4.2
4.8
4.5
5.o
4.2
4.6
4.6
4.5

2.5
2.5
t.6
1.4
|.7
r.3
r.3
t. I
t.6
r.5
r.3
t. !
f .4
t.4
r.o
t.3
o.9
t.3
o.8
o.9
o.9
t.o
1.4
2.4
r.3
r.o
1.4
r.6
o.9
r.3
t.o
t.3
1.4
2.4
23
r.5
t.o
o.9
t.6
t.4
r.5
3.7
r.3
r.5
t.3

([$+rgt¡-*

39
62
9l

t tt
88
46
2Q

9
4
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

pll of
Etr.rtc

7.A2
7 .7 t
7 .75
7 .17
7 .68
7 .50
7 .56
7.70
7.74
7 .67
7.79
7 .74
7.72
7.54
7.76
7 .60
7.56

7.58

7.67

7.7C

7"76

8. 15

7'. -i7

7 .7 t

z.st
7.85

7'.44

7.a2

7"81

8.25

7"77

Fraction Pore VotrÍrs
l¡r¡ócr Etut.d
(h)

o. l7
o. 34
o.5 t
o.69
o.86
t.o2
t.t8
t.33
I .47
I .62
| .77
|.9t
2.07
2 .24
2.39
2. s6
2.72
2.AA
3.04
3. f 9
3.35
3 .52
3.67
3 .82
3.99
4. t5
4 .30
4 .45
4.G2
4.76
4.9t
5.06
5.22
5.37
5.53
5 .69
5. 86
6.02
6. l8
6.34
6.5r
6 .67
6. 82
6 .96
7 .12

I
2
3
4
5
6
7
I
9

to
tl
12
l3
t4
t5
t6
17
t8
t9
20
2l
22
23
24
25
26
27
28
29
30
3r
32
33
34
35
36
37
38
39
4O
¿ll
42
¿13

a4
45



Curutåtive Totat
ofP

E tuted
9¡s)

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

¡')o\o

EtuTloll ExPÊRl¡lEtlT - DAIA FOR ELUATE COI-LECIE0 FRCH SO|L COttHr¡s n¡cttsATEO Fm 5 vl( - cÐiltROL TREATT{EI¡T, REpLlctïE # 2

XC

29
33
36
30
22
t6
to

7
5
5
5
4
4
4
7
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
3
3
3
3
3
4
4
3
3
4
3
3
3

Ct

r26
r43
t54
r30
r02
71
49
35
29
26
25
24
23
23
30
22
22
2t
2t
2t
20
20
20
21
20
20
20
20
20
t9
2t
21
t9
t9
t9
t9
20
r9
20
t9
18.
20
r8
t9
t8

Concentration in Etuâtê
(¡¡H4-I

')te/rL oç ctr.¡te

20 .2
t3 .2
16.3
12 .4
to. 7
9.4
7 .7
6. t
5.9
6. r

5.6
5.4
5. t
5. t
6.5
5.O
4.8
4.5
4.7
5. r

4.8
5.8
4.8
5.3
5. t
4.O
4.5
4.4
4.O
7.?
4.2
6.3
4.2
3.2
4.3
3.7
4.5
3.5
4.5
4.O
3. r
3.4
3.6
2.9
4.O

6.6
4.5
3.8
3.3
7.5
5.2
3.3
7.6
2.1
6.5
4.8
2.4
5.3
5.3
3. r

2.9
3.3
2.C
3.7
3.2
9.3
2.3
3.6
2.9
L7
3. r
2,A
2.5
4.6
2.5
8.0
t.9
2.6
4.5
5.8
2.9
2.1
25
2.4
2.6
L4
2.9
1.4
r.6
2.8

(K5+x6a¡-¡

tot
r32
t49
t28
92
57
29
to
4

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
0
o

Êl of
E t uate

7 .41
7 .67
7 .5a
7 .37
7 .47
? .52
7 .60
7 .64
7.50
7.A7
7 .64
7 .65
7.74
7 .60
7.5r
7 .57
7-63

7 .52

z.ea

7.73

z.ea

r.es
7 .62

7'. 94

7 .62

7"70

7 .68

7'.64

7 .40

7'. G4

7 .55

traction Pore Votr¡ne
Ht¡ôcr Etutcd
(h)

o. l7
o. 37
o. 5s
o. 73
o.9 r
r.09
I .27
I .45
r .63
1 .42
2.OO
2. l7
2.34
2.5r
2.6A
2.A6
3.03
3.21
3.39
3.6r
3. 79
3.98
4. 16
4 .35
4 .53
4.71
4 .90
5. ro
5. 29
5 .47
5 .66
5 .82
6.Or
6. r8
6. 36
6.55
6.74
6.9r
7.08
7 .27
7 .46
7 .65
7 .85
8.02
a.2t

I
2
3
4
5
6
7
I
9

to
It
l2
t3
l4
t5
t6
17
t8
t9
20
21
22
23
24
25
26
27
2A
29
30
3r
32
33
34
35
36
37
38
39
40
41
42
43
44
¡15



Fractim Porc Voluæs dl oÍIuaôar Elutcd ElL¡tc
(h)

EtUTtol ExPERltlE'lT - DATA Fm ELUATE ooLLEcTED FRCH sotl coLLt{t¡s lHcrrMTED FoR 5 tfi - t{ p (@¡Ly) TRE T¡E¡¡T, REpLtc¡TE Í l

I
2
3
4
5
6
7

o. 38
o. 59
o. 83
t.03
r.23
| .42
| .60
r.78
t .97
2. 15
2.32
2.50
2 .68
2.85
3.03
3. 20
3.37
3.55
3.7t
3 .88
4.05
4.22
4 .37
4 .55
4.72
4 .88
5.04
5.20
5.37
5. s3
5.69
5.85
6.02
6. l8
6. 34
6.49
6 .66
6.8 r
7.Ot
7 .26
7 .41
7 .59
7 .77
7 .94
8. 12

I
9

to
tt
12
t3
l4
t5
t6
l7
t8
t9
20
2l
22
23
24
25
26
27
2A
29
30
3r
32
33
34
35
36
37
38
39
40
41
42
43
44
45

7 .49,
7 .50
7 .46'
7 .62
7 .20
7. ro
7. 15
7. 15
7.13
7 .22
7 .27
7 .27
7 .28
7 .2A
7 .25
7 .29
7.6t

7 .2A

7"23

7.35

z. ga

7 .35

z. gs

7.74

7'.43

7 .3C

7'.42

7 .3C

z.ss

7.3C

7'.33

o.o
o.o
o.o
4.7

31.3
60. r
75.5
78 .6
77 .3
73 .4
68. 3
64 .7
58 .4
55 .6
53.7
5r.3
5t.4
48.5
47 -4
44 .6
44.3
43 .4
40 .7
39.9
37.5
37 .7
36. 4
35.o
33.5
33.6
32. 1

3t.o
30. 4
29 .7
29 .4
28.3
27 .7
27 .2
26.8
27 .3
26. t
26 .4
25. 3
24.O
22.7

(*%*rc¿l-¡

r90
347
408
3tr
r67
a7
46
24

Cmcentratim in Etuatc
taH4-t x
-,¡,1g./nt of clr¡atc

2.2
2.2
2.3
2.9
2.7
2.5
3. r

3.3
2.5
3.4
3.O
2.6
2.9
3.2
2.6
2.4
1.7
t,6
2.4
3.2
2.4
2.4
t.6
1.7
3.O
t.6
t.6
2.6
2.1
t.6
2.6
2.7
1.4
2.7
2.9
1.7
2.2
r.6
2.t
3. t
2.6
4.8
3.3
3.2
3.3

t2
7
6
6
6
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
'l
7
7
7
7

t5.7
18. r
t9.4
r5.6
ro. o
l1 .7
98
9.6
8.6
8.4
7.9
7.5
7.6
6.7
6.9
7.O
7.O
G.7
6.2
6.2
6.7
67

Cô

r88
3r3
362
258
r38
rt9
96
8l
72
66
6l
59
57
54
52
5t
5t
50
47
47
46
46
44
44
43
43
42
42
4l
41
49
4t
40
40
39
41
39
39
39
37
39
35
34
33
33

t{0

44
72
79
64
35
33
25
2l
t9
l7
r5
14
t3
t3
12
12
12
lt
tt
ro
to
lo
to
9
I
9
9
I
9
I

tt
I
I
I
I
I
I
I
I
7

Curuletive Totol
ofP

E lutGd
9n,

6.5
7.1
6.9
6.4
7.8
6.4
6.4
6.4
6.9
7.5
6.6
7.3
7.2
8.3
7.3
6.5
9.2

ro. 2
rr.o
tf.3
12.5
ro.9
9.3

o
o
o

r3
99

264
465
672
889

r092
1279
I 464
r627
t7 82
r 938
2084
2230
2369
2503
2629
2758
2880
2993
3ll4
3224
3333
3437
3538
3637
3734
38 29
39r7
401I
4095
4182
4263
4 350
4425
452 t
4633
4702
47fJ4
4860
¿193 I
4999

7
7
6
6
6

l\)
Ho



Fraction Pore Votures pil oflluüer Etuted Etuatc
(h)

I
2
3
4
5
6
7
I
9

ro
lr

ELUTlol ExPERlt{Etlr'DAIA FoR ELUATE coLLEctED FRoi sotL coLtt'r}rs rxcuB^TED to* 5 rf, - Mp (o¡Ly) îREArrElT. REprc¡rE # z

o. 26
o. 38
o. 5s
o. 73
o. 90
t.05
t .23
.| .43
I .60
1.7A
I .95
2.12
2.31
2.48
2 .66
2.83
3. or

'3. t9
3. 37
3.54
3.7r
3.89
4.06
4.24
4 .41
¡t .59
4.77
4 .94
5. ro
s.28
5.45
5 .63
5.80
5.97
6. t4
6. 32
6.49
6 .67
6. 84
7 .O2
7 .20
7 .37
7 .54
7 .72
7 .90

l2
t3
14
t5
r6
17
t8
f9
20
21
22
23
24
2s
26
27
2A
29
30
3t
32
33
34
35
36
37
38
39
40
4t
42
43
44
a5

7.34
7.â5
7 .43
7 .52
7 .28
7.16
7. t6
7 .20
7.17
7.22
7 .22
7 .23
7.t8
7 .22
't .32
7 .26
7 .27

7.36

7'. g7

7 .37

z. ge

7 -11

7 .41

7 .26

z.gs

7.38

7"29

7 .37

7" 4C

7 .4C

7'.37

o.o
o.o
o.o
o.o
3.3

l7 .3
34 .7
55 .9
76 .8
80. o
77 .2
73.9
69.6
64 .2
63.O
57 .4
s6. 2
50. 5
47 .7
46.B
46.O
45 .2
4t.5
4r.5
40. O
38.5
36.O
34 .8
34.r
34 .4
32.1
33. O
30. 8
30.7
29. 3
29. 4
26 .6
25 .2
25.3
26.6
26 .4
24.1
24. I
239
23.8

(tlt!+rc,¡-¡

253
354
476
42 I
336
233
t50
88
44
25
r6
t6
6
4

Cmcentrâtirt in Etuote
xH4-L (
-/g/¡rt of etr¡ate

¿l.o
r.8
3.8
3.9
2.6
3.O
2.5
2.6
r.6
r.7
3.3
t.8
1.1
3.O
2.4
3.4
r.6
2.5
3.7
t.o
5.9
3.5
2.O
3.O
o.5
2.7
5.2
t.8
r.6
o.2
2.4
4.2
o.9
2.6
2.6
5.4
2.O
I.I
r.8
3.O
2.1

4

4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

t7 .o
f8.5
r8 7
t7 .2
r5.8
l4 4
r3.3
ro. 6
4.6
8.8
9.2
86
8. r

8.O
7.7
7.4
7.2
6.9
6.8
6.6
6.4
6.9
7.2
7.2
6.9
6.6
6.6
6.4
6.8
6.6
7.5
6.6
7.2
6. r

6.6
6.9
6.6
7.1
6.9
7.4
7.4
7.4
7.7
7.7
7.9

Ca

22
303
393
3so
272
209
r50
rtB
94
80
72
67
62
59
56
54
52
52
52
48
48
48
45
55
44
45
43
43
4t
42
42
42
4l
4l

¡tc

53
73
83
78
68
55
40
3r
26
21
19
17
r6
l4
l4
t3
1t
tt
rt
l.t
tt
tt
to
It
ro
ro
I
9
9
9
I
9
I
9
I
I
7
I
I
I
I
I
I
7
7

Cun-¡tetive TotaI
ofP

E t uted
(rre)

o
o
o
o
9

54
t57
343
564
804

r02 I
t236
r458
1647
r 832
2003
2 r69
2322
2468
2607
2737
287 4
2997
3rf9
3239
3356
3463
3566
3659
3765
38s9
3962.
4052
4 143
423 t
43 t8
4398
447 4
455 I
463 I
47 13
4784
4855
4928
500r

1.4
2.O
2.3
3.3

40
4O
36
39
39
39
38
38
38
38
37

N)
P
P



Frâct i orì
lft¡6cr
(h)

t
2
3
4
5
6
7
a
9

to
tt
12
t3
l4
t5
t6
l7
t8
t9
20
2l
22
23
24
25
26
27
2A
29
30
3f
32
33
34
35
36
37
38
39
40
4l
42
43
44
45

Pore VoturEs pfl of
Etutcd Et6tG

€LUITo|{ EXPÉRII€IIÎ . DAIA FOfl ELI,JATE COTLECTED FRq{ SOIL COLI,{IIS IIICI,BATEO FM 5 9X. tNEAfl,IAP TREAII,EI'I,

o.27
o. 45
o. 66
o. 85
l.03
| .22
r.39
r .58
I .75
I .92
2.O7
2 .26
2 .44
2 .63
2.7Ê
2.94
3.rt
3.28
3. 45
3 .62
3.79
3.95
4.14
4 .29
4 .44
4.62
4.A3
4 .99
5. 14
5. 33
5. 48
5. 64
5. 82
5.98
6. f 3
6. 30
6.49
6.65
6.8r
6.si;
7. t5
7 .31
7.51
7.64
7 .80

7 .25
7.32
7.35
.7 .29
7.17
7 .21
7.21
7.34
7 .20
7 .o2
7. 13
7.17
7. 16
7 .lô
7 .21
7. to
6.95

7.15

z.so

7.73

z.ss

7.73

7'.4 I

7 .47

r. ge

7 .59

764

7 .85

7'.70

7 .70

7'.94

o.o
o.o
o.o
6.7

23 .7
32. r

43.8
44. 3
5r.5
5r.5
52 .3
53 .9
57 .6
61.7
6r.3
59. 5
64.3
64-t
62.5
64. I
62 .6
62.a
59. O
62 .9

(þ¡*loZl-r IH¿-I K

r 489
r6 r5
124 t
6r7
398
269
r68
r20
rol
too
90
8t
77
6l
6l
54
57
45
37
32
2â
20
l7
l7
l7
r3
12
t3
t7
r8
17
f6
t8
t6
r3
l4
14
t3
t2
t2
12
l2
12
ro
tt

-Cmcentratiút in Etr¡ate

4
5

tto
ttr
,t07
99
93

roo
r07
1t4
t19
123
r35
r3t
r29
129
t29
t21
114
t28
t20
t r8
r 15
t t3
r09
r02
r06
r06
99

lor
97
95
94
95
It
90
89
9t
89
89
87
88
85
86
85

59.4
56 .6
558
58 .6
54 .5

69
87
89
63
5t
43
37
32
3t
29
29
26
24
22
2t
20
t9
l7
l7
17
t6
r5
t4
l4
l4
.t5

t3
r3
12
r3
12
tt
tt
r3
l2
10
9

ro
9
I
I
I
I
I
I

56. I
54.1
5r.8
52 .2
52 .4
so. 5
45 .7
42 .9
44 .4
42 .8
42.1
4l.t
38.O
35.A
39 .6
35 .9

Câ

REPLTCAÎE # I

Cun¡lative Totst

r 57S
I 637
1234
698
45t
2AfJ
r54
1t2
95
92
74
68
57
5l
49
49
42
39
37
4À
37
32
2A
2A
3l
35
23
20
22
23
21
20
22
22
2l
2t
t7
l7
16
r6
t5
t6
l4
r5
t6

X9

273
290
2t5
t t2
70
54
36
26
22
2l
r8
t6
12
tt
to
ro
I
I
T
I
a
6
5
5
6
6
4
3
4
4
4
4

ofP
E Luted

9re)

o
o
o

r9
85

t80
298
439
584
72A
867

t037
I 206
r 403
r547
173 I
t920
2trt
2300
249 r

2679
2865
3055
3226
3395
3574
3780
3942
4092
4275
442A
4570
47 41
4893
503 r

5 r80
5322
5450
5577
5694
5838
5944
6072
6 t67
6275

4
4
4
3
3
3
2
3
2
2
2
2
2

t\)
P
N)



ELUÍto¡ EXPERT¡t€HI

Fraction Pore Voturrs Ël ofxr.trùcr Etutcd Et6tG
(h)

I
2
3
4
5
6
7
I
I

to
tt
12
t3
l4
't5
r6
17
t8
t9
20
2l
22
23
24
25
26
27
2A
29
30
3t
32
33
34
35
36
37
38
39
40
4t
42
43
44
/ts

O.ll
o. 25
o. 39
o. 54
o. 70
o. 89
t.04
t.18
r.33
l.5t
I .66
I .80
| .96
2.10
2.30
2 .43
2 .59
2.75
2 .89
3. 05
3.23
3.40
3. s5
3.69
3.85
4.Ol
4. t5
4.2A
4 .44
4 .62
4.76
4 .93
5.o8
5 .22
5. 37
5.56
5.69
5.85
5.99
6. 16
6. 33
6.48
6.64
6.8C
6 .95

- DAIA FOR ELIjATE cOtLEcfED FRo{ solL cotu{Ns lxc1J8^TED Fm 5 ¡Jx - tnE¡++r¡¡ tREAttfxT,

7 .49
7 .42
7 .o7
6.86
6.56
6.60
5. 75
5. 34
5. 36
5.2t
5. 3s
5 .72
5. 29
5.37
5.2r
5. 38
5. r8

5. 2€

s.ez

6.rr
e.zl
6.99

7'.29

7.05

e.ar

6 .69

e.ao

6.92

e.eg

6.9r

e.ze

o.o
o.o
o.o
o.o
o.o
3.2

24.9
41.2
53.2
69.O
73.7
75 .4
79 .9
fJ4.2
86.5
86.4
80.6
87.5
a6. r

8r.3
79. I
77.3
77 .8
76. r

72.a
64.O
65. 5
6r.4
63.2
59. I
58.9
57.o
55.2
52.O
48 .4
5r.3
48 .7
46 .4
43.7
43.6
39.5
35.C
42.7
38.s
38 .9

(tt03+tPt¡-*

r 996
2306
2494
22 12
r2 r5
58r
294
200
143
r05
77
55
43
38
3l
3t
26
26
27
2A
25
25
24
24
21
t7
r5
t2
,8

9
t3
t8
18
t7
22
r6
t8
r8
r3
14
14
t6
16
l4
t8

Cdrcentratitrt in Etuate-
ltH4-I K
-¡nlrL of etuate---

2
2
3

l/t
38
69
66
63
60
57
50
47
39
4t
43
45
42
4O
4l
46
45
45
49
49
5l
58
64
68
75
79
7l
67
66
67
63
68
65
63
64
64
63
60
65
65
60

62
67
73
79
75
57
44
42
37
3t
2A
26
22
23
22
26
22
2t
20
t8
r8
t8
f8
l7
t6
r6
t6
r6
r5
r3
t3
r3
t2
t2
l2
It
tt
to
ro
ro
9
I
I
I
a

Cc

REPLICATE # 2

Curulatiw lotat

r948
22 1A
23r3
r997
1237
579
2to
152
t23
!06
87

t12
7l
63
59
49
47
49
48
38
37
36
34
3t
30
2A
36
30
25
22
24
20
t9
2t
t9
24
t9
t6
l4
14
t3
r3
r3
l2
t2

llg

338
401
462
418
259
r08
43
42
34
27
23
29
r8
t6
t4
t2
r2
l3
l2
ro
I
9
9
I
I
I
9
a
6
5
6
5
4

ofP
E tuted
I's'

o
o
o
o
o

tt
75

t85
33 I
s59
760
950

It9t
l4 12
l7 29
,t 936
2 ta6
243A
2673
29 17
3 r83
34 r5
3643
384 r
4050
4242
442 t
4576
477 4
497 3
5 133
5307
5465
5606
5746
5926
6050
6 r92
63 l2
6447
657 2
6672
6799
69 r6
703C

5
4
6
5
3
3
3
3
3
3
2
2

ÀJ
P



Fraction Pore Voturns dl oft{l.¡òer Etuted Etuate
(h)

ELUT¡OI EXPÉRII{EHT. DATA FM ELUATE OOLLECTED FROI{ SOIL CÐLUIIIIS IXIIr8^TED FoR 5 tfi . t¡H4Cl,+HAp IREAI¡€ilT,

I
2
3
4
5
6
7
I
9

ro
lt
12
t3
t4
r5
r6
l7

O. t4
o. 34
o. so
o.67
o.84
o. 99
t. ro
I .30
t .45
I.6t
t.75
I .92
2.06
2.21
2.35
2.49
2.G2
2.76
2 .9C
3. 06
3. 19
3.37
3.53
3 .68
3 .83
3.97
4.14
4.29
4 .44
4 .60
4.74
4 .88
5.04
5.21
5. 39
5 .52
5. 70
5 .86
6.OO
6. 16
6. 33
6.50
6 .66
6 .84
7. oo

6.57
6,62
6.59
6.6r
6.62
6.2r
6. 15
6. 20
6. fc
6.05
5.8 t
5. 34
5 .98
5.2r
539
5.8 r

5 .85

5. l5

e.rr
6 .64

e.e¿

6 .82

e.zg

7.08

e.gs

7.to

e.es

7 .23

6'.72

7. 18

7 .21

t8
t9
20
zl
22
23
24
25
26
27
28
29
30
3t
32
33
34
35
36
37
38
39
40
4l
42
43
44
45

o.o
o.o
o.o
o.o
3.3

53 .2
r 20.8
r94 .5
203.7
172.4
145 .7
t34. r
120.7
ro2.3
97.3
96. r
9t.o
89.O
90. I
76.5
69. 5
71.1
69. 7
67 .5
67.5
58. r

s6. I
54 .8
5t.o
so6
52.3
47 .2
42 .5
42.O
43.I
40. I
36. 3
37 .4
34 .2
36.O
30. 4
3r.5
29. 3
30. 3
28. r

(x$+rca¡-*

1229
tt76
970
687
424
23t
r29
57
38
3t
2A
26
24
27
24
25
25
26
27
26
25
23
23
22
22
24
22
2A
26
27
t9
20
r9
t9
f9
23
22
20
t7
20
22
21
r8
t9
t8

-Concentratim in Etuote-
xH4-X x-lAlil of etr¡cte

504
745

t 236
17 43
lg7 4
r 302
809
460
232
t68
123
99
93
80
78
73
70
70
69
64
62
66
69
66
64
62
63
6t
59
54
63
59
55
57
60
53
5l
52
53
54
50
52
52
52
50

2r5
207
233
250
200
r33
79
39
21
r5
tt
to
I
7
7

Ca

4762
4304
397A
34 38
2 179
r t64
60 1

t84
80
47
3l
24
20
t6
t5
t3
r3
t2
12
lf

REPLICAÎE # 1

Curulâtive Ìotât

tlc

7
I
I
7
6
6
6
7
6
6
6
6
6
5
5
5
4
4
4
4
5
5
4
4
5
4
4
4
3
3

983
952
9r8
762
453
2r8
r06
42
t8
to
6
5
4
3
3
2
2
2
2
2
t
2
2
I
I
t
I
t
I
I
I
I
t
I
I
t
t
I
I
I
t
I
I
I
t

ofP
E Iuted
9,o)

o
o
o
o
I

142
397

r053
162 f
2089
2478
2A7 t
3 r95
3476
3738
3982
42 10
â464
472íu-
4959
5r37
5379
5600
5792
5985
6 r49
6326
6488
6637
6789
6928
7063
7 192
7326
7477
7577
7699
7AO9
7902
8009
8 r03
8203
829 r

8386
8469

to
rO
ro
ro
It
9
I
I
I
I
I
I
I
I
7
I
I
7
7
I
7
7
7
7
7

N)
P
F.



Fraction Pore Votrrrps pll oft{wber Etuted Etuste
(h)

ELUTlol ExPER¡t{ExT - DATA tm ELUATE coLLEcTED tRol solL colLr+¡s ll¡o.rBAlEo FoR 5 t( - t¡H.ct+tup rRE^1{ELr, REpLtcATE # z

I
2
3
4
5
6
7

o. os
o. 28
o. 45
o.62
o. 79
o.94
r.oa
I .2'.
I .42
I .62
t .80
I .99
2. 13
2.30
2 .4A
2 .64
2.A4
2 .99
3. 16
3. 35
3.5r
3 .68
3.85
4.05
4.22
¿t .39
4.6t
4 .77
4 .94
5. ro
5. 28
5 .44
5.64
5.8r
5.99
6. 17
6.32
6.52
6.75
6.94
7 .14
7 .29
7 .47
7 .65
7 .83

I
I

to
tt
12
t3
14
t5
r6
l7
t8
t9
20
2l
22
23
24
25
2G
27
2A
29
30
3t
32
33
34
35
36
37
38
39
40
4t
42
43
44
45

6.56
6.44
6 .63
6.67
6.74
6 .58
6.3r
5.33
5 .94
s.08
5.06
5.38
5.95
5.33
5.26
6. 09
5.34

5. 29

s. te

5.89

o.o
o.o
o.o
o.o
o.o

ro. 3
62 .7

t25 -7
r66 .6
r60.4
144 .2
r t8.3
ro5. 3
98 .9
92.5
85. I
79 .8
80. r
73.8
69. 2
64 .6
62 .6
5s.o
54 .5
50. 7'
47 .3'
40 .7
4t.o
40 .2.
38.2
35.8
32.8
32.5
33.4
3r.7
26.8
27 .4
27.1
25.5
21 .2
23 .7
25. O
24.O
24 .2
24.O

(It5+rct¡-*

r 355
t 437
r r37
8r2
538
320
142
82
53
38
3t
30
25
24
23
24
24
26
24
24
24
23
24
24
2l
20
t7
20
20
20
r9
r6
t8
17
r5
r6
t6
t8
17
t5
t5
t6
l7

Cdìcentrâtion in Ett¡ate
xH4 - )t
'ln/r& oç ctr¡ate

6.32

6.72

e.ss

6.89

7.13

7 .21

7'.24

7 . t4

z. rs

7.23

245
403
77tJ

1284
I 494
r 338
7to
449
266
f68
rt6
94
89
80
74
75
73
64
7l
64
67
53
56
58
54
56
50
56
57
56
53
53
58
46
50
55
45
so
49
42
42
44
42
43
46

X

t64
r80
2rr
227
209
r48
a2
40
25
t5
lt

Câ

3f,47
4182
3970
3586
2692
t413
59r
t80
ro8
57
34
26
23
r8
t5
t4
r2
12
tt
It

I
I
I
7
7
7
7
6
6
5
G

5
5
5
5
5
5
5

ro
5
4
5
4
4
4
4
4
4
4
4
5
4
4
a2t

tlc

759
90t
899
804
565
274
r06
4t
25
t2

7
5
5
3
2
2
2
2
I
t
I
I

Cun¡tetive Total
ofP

E luted
<¡n)

o
o
o
o
o

27
r86
558

r058
1624
2047
2464
27 24
30r8
3305
354 I
38 r9
4029
42 44
44'tO
4656
4845
5005
5 r88
5339
5473
562 r
57 33
585 r
5955
6065
6 r54
6262
636 r

6459
6537
66r f
6703
6795
6860
6935
6999
7070
7r40
721 t

t8
20

9
9

t3
I
I
I

ro
7
I
I
7
I
I
I
7
7
7
7
7
7
7
6
6
7
7

2
t
t
I
2
t
t
t
t
I
I
I
I
t
I
I
I
I
f
t
I
I
t

¡\)
H
L¡



Fract ion
lluròcr
(h)

I
2
3
4
5
6
7
I
I

to
tf
t2
t3
l4
r5
t6
l7
t8
t9
20
21
22
23
24
25
26
27
2A
29
30
3l
32
33
34
35
36
37
38
39
40
4l
42
43
44
45

Porê Votræs
Etutcd

ELUTIOII EXPTRIiIE}IT

o.21
o. 39
o.60
o.7r
o. 89
t.06
t.32
r.5r
| .71
I .90
2.09
2.24
2.39
2.56
2.73
2.9r
3.07
3. 23
3. 39
3.55
3 .73
3.9r
4.07
4 .27
4 .43
4 .60
4.76
4 .93
5. 09
5. 26
5 .42
5 .63
5.80
5 .97
6.rr
6. 30
6.AG
6 .64
6.80
6 .98
7 .14
7. 30
7 .47
7.63
7.at

pll of
.Etr.¡tc

- 0^lA FOR ELIIATE CoILECTEO FRSI soll cotu{Ns ¡NCtBATEO Fm 5 9K - Xct+fl p TRE T}IEIT,

7.OO
7.16
7. t5
7 .2A
7. t9
7.12
6. 86
7 .22
7.38
7 .46
7 .44
7 .5s
7 .67
7 .64
7 .G7
7 .63
7 .69

7 .63

z.ec

7 .77

7 .78

7.72

7"G2

7 .6s

z.eo

7 .67

7'.7g

7.60

z. eg

7 .68

7 .67

o.o
o.o
o.o
o.o
o.o
o.o

59 .9
t46.6
r56.6
144 .9
t33.6
120.4
t15.o
ios. 3
93 .6
90. 3
85.8
44.3
78.3
76. I
70.8
76 .2
65. 7
60. 7
55.4
53 .9
54 .2
5r.t
49. 5
47 .2
44 .2
45.O
42.5
40.6
36.4
37 .7
36.3
35.8
33.6
33.3
28 .4
28 .2
26 .9
26 .7
26.3

(tst*tloel-r

324
4o7
467
440
334
208

93
37
t9
13
t3
12
t2
t3
t3
t3
t2
l2
ro
to
ro
It
to
to
rO
fo
rO
10
lo
ro
fo
tO
9

ro
o
9
I
I
I
7

7
7
6
6
6

- - - -'- -- -- -¡nlnt of elt¡cte

Cdìcentråtion in Etuote-
r¡1t4-H K

3
I
f

,ro

20
24
24
20
tt
9
5
6
4
4
5
3
2
2
3
3
I
6
I
4
t
I
t
4
2
I
o
t

o
o
o
I
t
o
2
2
I
o
o
o
i

3310
3930
467 t
526 r
465 7
345 r

l7r9
869
759
s90
502
459
437
42t
390
29r
27t
26t
24fJ
243
22A
26 I
222
212
202
r94
r94
r97
r84
r80
176
t73
164
t62
t55
160
t52
r49
l4 t
147
r36
r38
r29
t30
124

Cr

REPLICATE # 1

Curulative TotaL

2396
2573
27 l4
2589
| 855
r098
389
7t
3i
23
r8
f6
t6
t3
tt

llg

441
4A8
529
502
363
204

64
t7

7

ofP
E tuted

Vs,

o
o
o
o
o
o

240
680

I t58
I 597
r 994
22A3
2569
2869
313r
3406
3643
3876
4086
4297
4524
4766
4944
5t5t
5309
54 64
56 t6
5764
59 ro
6045
6t75
6332
646 t
6576
6666
679 r
6896
7005
7 ro3
7203
7 283
7365
7 443
7522
7606

tt
ro
9
9
I
I
I
7
6
6
6
6
7
6
7
6
6
5
5
5
5
5
5
5
5
5
5
4
4
4

5
4
3

'4
2
2
2
2
2
t
I
t
2
I
t
I
I
I
I
t
t
I
t
I
I
I
I
I
I
I
2
o
o
o
o
o

t\)
H
o\



Frôction porc Votr¡es Ël ofrr¡ô€r etutJ Etr.¡ote p (,r%.*;;;:;-----concentratiqr in Etr¡ate curuletive rotal
ofp(h) -'-----j----------------/.¡elnr or etr.ntc ----::---------------T-_ Etuted
<P,

I O' 12 7 .22 O.O 342 3 33¡ r 2544 466 O
2 O.3l ?. tO O.O 43r r 3516 2SSd 472 o3 o.4B 7.oo o.o ¿õs o 4r3¿ zzes s24 o4 O.6s 7.O2 o.o sO6 2 srot àssa 56 I o5 o.a3 7.lO O.o, 417 13 sr69 2t7s 43s o6 .t.oo 6.67 3.3 22-t 22 3ro3 936 ,76 97 t.t7 6.9s 7r.o rã¿ 23 1693 3Bs 61 2tBI 1.35 7. t5 t46.9 43 21 t29 I 90 22 16729 r'55 7'29 166'3 28 19 904 66 16 1228lO L Zs. 7.36 tS7.3 is t2 666 4 I 9 1733tt 1.94 7.45 f3t.6 t5 7 5t6 25 6 2t47t2 2.ts' 7.42 116.2 rã 6 4g5 20 4 25cr913 2.32 7.5t ro8. t I I 422 l8 4 2A48t4 2.sr 7.59 98.4 ã e 399 t5 3 3146f5 2.69 7.59 9O.5 e 6, g73 14 3 34f9t6 2.88 7.61 87.o I ro 343 ,3 2 369217 3.06 7.7O 83.3 I 9 2f,7 t2 2 3934fB s.2s 77.o ã z ;é,i rt 2 416819 3.43 7.69 76.6 ,|ò 2 252 rr 2 439120 3.6r z0.6 õ z 241 ro 2 460321 3. 79 ? .68 65.4 to 6 22g ro I 479822 3.97 60. I to 7 22O 9 I 497723 4.14 7.73 58.r ro 2 2OA ro 2 514224 4.3 I s6.7 tò 4 2ta ro | 530325 4.5O 7.72 52.9 g 2 2Ot I r 54rj726 4.68 52.7 9 5 r8o I ¡ 563227 4.85 7.76 45.8 e s 186 I r 576428 5. 03 45.4 9 3 t84 I | 5A9929 5.2O 7.72 42.7 9 ¡ 177 6 t 602630 5.39 42.2 9 4 174 I r 6t5831 5.55 7.74 36.8 a 2 t66 9 | 525932 S.z3 37.O é z ,62 I , 637333 s.8s 7.BO 3S.t é s 1f,2 I r 647334 6.08 34.r 9 3 t58 I I 658235 6.25 7.77 32.4 I 4 t54 I | 667436 6.44 31.2 I 6 t52 9 r 677837 6.67 7.7O 3O.4 g 2 146 7 1 689238 6.8s 2A.2 I I r37 7 I 697439 7.O3 7.7a 26.8 i s t33 7 1 7rJ5240 7.1A 26.2 7 | t3o 7 1 7t2l41 7.35 7.72 25.5 6 2 t29 7 1 719542 7.53 24.1 6 0 t2g 7 1 726G43 7.73 7.63 23.3 6 o 125 7 t 734444 7.9o 21.a á z t22 6 t 74f)745 8'O8 7'76 2t't 5 3 12., 6 | 7472 Àr

P
!

ELUTIoN EXPERIHEI¡T - DAIA FOR ELtaTE cottEcrED FROI sott cou.r{Ns mctSArED Ffr 5 9( - Kct+it p tRE^Tt{E}tï. REpLtc TE # 2



Fract ior¡
llr¡òcr
(h)

ELUllol EXPERIHEIIT ' o^TA tm ELU^IE coLLEcTEo tRo{ solL coluttls lxolE TEo FoR 5 tfi - xzcqSr'fl p rREAT}tr¡T, REpLtcAtE # I

I
2
3
4
5
6
7
I
9

lo
lt
l2
t3
14
t5
t6
17
la
t9
20
21
22
23
24
25
26
27
2A
29
30
3t
32
33
34
35
36
37
38
39
40
4l
42
43
44
¿15

Pore Votwes
Etuted

O.lt
o .27
o. 43
o. 58
o.7 r

o. 85
o. 99
t. r3
r.28
t .43
| .58
t.73
r .86
2.OO
2. '15
2.30
2 .46
2.60
2.76
2.9t
3. 06
3 .22
3.37
3. 52
3 .68
3 .83
3.98
4. 13
4.29
4 .44
4 .60
4 .76
4.9t
5. 07
5 .23
5.37
5.53
5.69
5 .87
6.03
6. l9
6. 36
6.5t
6 .68
6 .8s

Ël of
E I r.¡atc

7 .85
8. t8
8.34
7.76
7 .89
6 .42
8.20
8. 13
8. 18
8. 19
8.35
8. 36
8.39
I .40
8.4t
8.36
8.34

8.43

a. sz

4.5!

a. sa

L63

e. zg

a .84

e.gz

9. 09

g.rr

9.3r
g. g¿

9. 30

s.sr

o.o
o.o
o.o
o.o
o.o
o.o

t7.3
54.7
84.6

roo. t
rro.5
lo4 .7
r03 .6
98 .5
97 .2
92.O
84 .9
80. I
89. 7
90. r

72.6
66. r
67 .4
63 .9
57. r
54 .9
52,9
52.6
5r.5
48.O
46 .4
46 .7
45. r
44.3
42 .4
40.4
38.4
38. s
37 .6
3't .4
34 .6
34 .4
28 .4
3r.5
3r.5

(B*rcz¡'r

514
5r4
560
457
33s
27A
235
14 t
9t
57
29
ro
3
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Cmcentrstim in ELuate
raH4-H K
-¡nlrL of ctr¡atc

7
5

tf
9

t6
I

17
t6
l4

399
449
606
765
732
795
899

t04o
972
860
776
65s
574
539
532
475
45r
468
395
376
354
402
377
330
372
332
328
340
322
34r
3r3
309
272
276
267
268
265
255
25t
253
250
249
t97
239
234

l4
It
I
4
6
I
I
6
6

to
tt
17
r5
t2
l7
t5
i3
tt
t2
tt
I
I
7
5
4

Ca

¡135
âa7
54 I
466
258
215
t62
r t3
98
9t
76
57
4l
33
29
27
24
23
2t
t9
17
t8
r7
l7
r5
l5
r5
l4
14

ilC

83
8r
92
83
68
55
42
27
r9
t5
t2
9
6
5
5
4
4
4
3
3
2
2
2
2
2
2
2
2
2
2
2
I
I
I
I
I
I
I
I
I
I
I
I
t
t

Curutotiv€ Total
ofP

E tuted
<¡n>

o
o
o
o
o
o

44
r93
439
737

r055
r36 I
t632
t9r4
2207
2482
2741
297 4
3255
35 r5
374 t
3946
4t39
4332
4505
4666
4830
49AO
5 r40
52A4
5426
5566
5703
5833
5963
6079
6 197
63 r5
644 I
6552
6656
6762
684 3
6943
7043

6
3
5
3
3
4
3
2
I
2
2

r3
t3
t3
12
l2
t2
t2
12
It
tt
ro
tl
ro
ro
ro
ro

tJ
H
æ



Frection Pore Votrrrp8 Ël oftll''lùer Etuted Etuotc
(h)

t
2
3
4
5
6
7
I
I

to
It
t2
t3
1ô

EIUT¡OI¡ EXPERII{EIIï - DATA

o.22
o.40
o. 57
o. 73
o.9 r
t.06
| . l7
r.32
t .49
I .67
! .85
2. OO
2. ta
2.34
2 .53
2 .68
2.89
3.06
3 .24
3.43
3 .60
3.75
3 .93
4.rr
4.28
4 .45
4.6r
4.7A
4 .97
5. t4
5.3r
5.4A
5 .65
5.84
6.OO
6.17
6. 34
6.52
6.70
6 .89
7 .o7
7.25
7 .41
7. 59
7.77

7 .99
4.23
8.23
I .24
8.34
a .24
8.07
7 .97
7 .89
7.95
8.04
8.rr
L07
8. Ot
7 .97
8.06
8.04

8. 04

g.o¿

8.04

g.os

8.tr
a. re

8.2r

a'.22

I .30

g. ¿o

8. 46

e.ez

8.5G

a.zr

FM ELUATE COLLECTED FRO{ SO¡L COLUI.IXS ¡IIO,'BATED FOR 5 Ifi

t5
l6
t7
r8
t9
20
2t
22
23
24
25
26
27
2a
29
30
3t
32
33
34
35
36
37
38
39
40
4t
42
43
44
45

o.o
o.o
o.o
o.o
o.o
7.1

28. t
58. r

7A.7
86 .8
98. r

95.3
92.3
92 .4
89. 3
90. o
89. 4
95.4
44.7
72.1
70.1
68 .6
79.8
74.9
67.5
63.O
60. 8
5a.7
54. t
50. 7
49. 3
48. I
45 .7
44 .6
44.6
42.7
42.7
40. o
38.3
38. r

33.2
2S .2
3r.2
3r.7
30. 4

(t{%+ltst¡-*

4r3
528
564
411
220
r39
r06
96
95
65
46
34
27
20
r8
I
I
5
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
I
2
2
2
2
t
I
t
t
2
I
I

Cørcentratim in Etuatê
r{H4- l{-Fl'r

2
2

I
20
20
t9
to
I

i2
tt
I
I
6
6
8
6
5
7
4
6
6
6
7
6
7

I
I
B
I
7
5
7
5
5
4
4
4
7
2
4
3
2
I
t
2

of ctr.¡ate

- xzcq++{^p IREATT€IT, REPLICATE # 2

Ctrnrlstive lotaI
x

666
444
6 r8
696
6to
545
6ro
675
745
758
689
6r5
554
s25
552
490
480
441
423
409
36r
395
388
399
340
456
356
336
315
276
280
27 I
260
2€,t
259
260
257
253
256
248
22A
227
230
227
225

Ca

397
520
580
465
218
r39
too
80
77
63
54
49
5r
43
48
40
39
34
28
22
t9
l9
21
t9
t8
l7
r6
16.
l4
l4
t4
t3
l2
l2
tt
tr
t2
lt

HS

79
92
98
84
5r
30
23
t8
r6
12
to
I
7
6
7
6
5
5
4
3
2
2
3
3
2
2
2
2
2
2
2
t
I
f
I
I
t
I
I
I
I
I
I
t
2

ofP
E tuted
(p)

o
o
o
o
o

l6
75

226
47fJ
753

r054
l3r7
r606
t878
2162
2410
2732
3009
3270
3502
3703
3887
4t28
4366
4559
47 43
49 r6
509 r
5260
54rt
5558
570 r

5833
5975
6 r02
6229
6357
6476
6595
67 t6
68 l7
6905
6993
709 I
7 la4

to
10
I

tt
I
I

tt
f\)
H
\o



0istarrce Fron
Appt ication

Site
(cm)

SO¡L COLTjIIII DATA FRO{ EXTRÂCTIONS CO{DUCTEO AFIER ETUTTOI{:

o.5
t.5
2.5
3.5
4.5
5.5
6.5
7.5
4.5
9.5

Yåter
Ext ractabt e

P

I .62
t.34
r .92
2.35
2 .46
2 .41
2 .40
2 .68
2 .80
2.72

NåHOO.

Ext ractÈbt e
P

o.5
t.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

1 rrEEK tIqJEATtON, OOHTROL IRE^TI{E}¡T

2.34
2 .26
2.9t
3.36
3.38
3. 53
4.tt
3.97
4.o¡
3.92

lJater
Ext ractabt e

P

REPL¡C^TE #1

9. 55
8. 19

t3.65
16.3A
r5.ot
r5.ot
17.74
20.47
t9.tt
t9.tr

l.?7
2.04
2. t5
2.36
2 .85
2. 38
2.76
2.62
2.88
3. 03

llaHCOr
Ext ractdbt e

P

,¡€lsoi t sect ion-

5 .14
6. 25
5.97
6. 58
6. 2C
6. 05
6.ol
6. r5
6.78
6.6 r

REPTICATE f2

r3.65
13.65
t5.ot
r5.or
19. tt
16. 38
19.1t
17.74
17.74
l9.tf

Totrt
Extrsctable

P

13.77
r3.8 t
20.67
23.40
20. 63
22.04
30. 39
30.3 r
27 .54
27 .54

23.32
22.OO
34 .32
39.78
35.65
37. 05
48. t3
50. 78
46 .65
46.65

4r.75
4t.75
4l .71
4l .71
4t.59
41.67
¿t t .59
4r.63
4t.63
¡1 1.59

55.40
55.40
56. 72
56. 72
60.70
58.05
60. 70
59. 37
59. 37
60. 7c

t\)
f..Jo



sotL ooLu+t DATA tRO{ EXTR CttoNs co¡uJcTEO AFTER

Distance Frdlì
Appt ication

Site
(cn)

o.5
t.5
2.5
3.5
4.5
5.5
G.5
7.5
8.5
9.5

lJater IgHCû,
Extractebte ExtractËbte

PP
----'-trp/kg of soi [-

I18
57
30
33
41
36
35
35
33
3r

ELUTloll: 1 ¡JEEK INO.,E T¡ofl, H^p (OflLy) IREAtlt€ltT

o.5
r.5
2.s
3.5
4.5
5.5
6.5
7.5
8.5
9.5

t66
64
31
24
25
24
24
23
22
23

Yåter
Ext rectabt e

P

REPLICATE dI

899.5
406.7
t95. r
218 .4
212.9
238.8
245 .7
237.5
223.A
236. t

roo
62
30
34
3?
36
33
32
31
29

t¿aH@r
Ext rectlbtc

P

-'7€lsoi t section-

114
77

REPL¡CAIE 12

709 .8
421 .7
t89.7
226 .5
232.O
242.9
230.6
234 .7
219.7
200.6

2A
21
21
2t
20
ta
r8
t8

Ìotrt
Extractabte

P

| 266
45t
205
r62
t34
r6t
f69
r56
t50
t75

2 t65
858
400
380
347
400
4r5
393
314
4tt

8ro
52r
t77
142
r33
t4l
144
t33
f3r
t26

| 520
943
366
368
365
384
375
368
35t
326

1..)
t\)
P



Dietaræe Frdlt Vater HaHco-
App[ ication Extroctsbte ert"".iåUt"slte p p

( cn)
-'--'-trElkg of soi [-------

sotL OOltnfi DAÎA FROI EXTR CTIOIS COJDUCIEO AFTER ELUTIO,|:

o.5
t.5
2-5
3.5
4.5
5.5
6.s
7.5
8.5
9.5

80
r06
r06
2A
23
24
34
66

r06
r09

o.5
r.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

I u€EK tr¡oJBAT¡ot, tnE ++{ p TREATTG}¡Ï

99
roo
54
l4
I
I
I

t3
l7
25

Uater
Ext rsctsbt ê

P

RÊPL I CTTE #I

468. I
77t.2
707.o
177 .4
15a.3
r67.8
247 .O
484 .5
7 r6.6
724.8

71
76
56
17
f8
t9
26
35
49
75

l¡oHO0?
ExtractËblc

P

97
60
34
ro
9
9

to
tt
t2
r6

6ect ion-

REPLIC¡TE f2

479. I
580. r
412.2
Iro.5
It1.9
121 .4
r69. 2
230.6
338.5
536. 4

lotst
Extractabte

P

576. 3
721 .Ê
358 .6
93. I
57.t
56.9
71.4
98.2

r 19.5
169.8

r044
i ¡198
r065
270
2r5
224
3r8
582
836
89¿l

6s3. 3
455.o
249.2
67.O
58 .5
58.2
65. 2
7t.9
88.4

I t6.3

f r32
r035
66 I
177
t70
f79
234
so2
12G
652

f\)
N)
N)



sotL colt'l{ll DATA tRo{ ExrRÂcfloNs co¡oljcrEo AFTER EtUT¡o¡: I vEEK ¡lto.rB Ttot, xx.ct+tup IREAT¡¡E¡¡I

Distalre Frdlr yÐter HsHc% ¡Jater NåHOOrtppt icotion Extractsbl,è exiractábte Extrãctsbte ExtrectËbtesite p p(cm) ' Y P P

o.s
t.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

------n€/kg of soit------ --y'tslsoit section_

roo. 3
50. o
27 .7
16.5
16 .9
t7.6
t7.6
t7.8
r8.5
t7 .2

o.5
t.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

122.5
42.O
14.o
9.5
7.7
6.O
5.6
5.5
6.5
7.2

REPTICTTE II
' 6t8.3

365 .8
144 .2
tt6.O
1t6.o.l13.2
121 .4
122.a
t25.5
Irt.9

6t. t
42.5
38.5
30.9
20. 3
r8.2
19. 7
20. 6
20.7
2c|. 3

85.6
34 .8
24.7
15.5
ro. r
8.5
7.7
7.2
7.8
9.5

REPLICATE f2

412 .2
27 1 .6
25r.I
217.C
t43.3
tt3.2
t33.7
r33.7
t5r.5
t40.5

Totot
Extrsctable

P

754 .6
306.8
92.9
66.A
52 .8
38 .8
38. s
38 .5
44.O
47 .3

1372
G72
277
ta2
t68
152
t60
t6t
r69
t59

578.O
222 .1
16t.2
ro8.8
7l .6
52 .8
52 .2
46.6
57.3
66. I

990
494
412
325
214
r66
r86
t80
208
206

N)
N)
l¡,



so¡L coLt'lil DATA FRo{ ExTR^cT¡otls colDUcTEo AFTER ELUT¡o¡: 1 I¿EEK txcrrBlilot, rct+tt p TREAT¡{E¡¡T

Oistame Frmr vater t¡åHc% yater
App( ication Extractabtê Extractabte ExtråctabteSite p p p

( cn)

o.5
t.5
2.5
3.5
4.5
5.5
6.5
7.5
4.5
9.5

8t.6
64 .2
40.9
2t.2
17.7
t6.4
r7.6
r8 .7
19.6
2t.6

o.5
t.5
2.5
3.5
4.5
5.5
G.5
7.5
8.5
9.5

90. o
47.O
24.1
ro. 3
6.8
6.3
G.2
6.4
6.A
8.o

REPLIC¡IE #1

536.4
372.6
245.7
t58.3
lft.9
121 .4
124.2
t36.5
t29.6
150. I

58 .6
35. O
30. 2
28.6
24.5
20. 9
t7.o
17 .7
19. r
r9.6

llaHCOr
ExtractËbte

P

/€/soi t eection

7A .2
2tJ.7
20. 6
r6.o
12.2
9. r
7.O
7.2
?.6
8.o

REPLIC¡TE f2

432.7
219.7
r97.9
r66.5
r54.2
132 .4
126.9
t2r.4
t3t.o
147.4

ïotat
Extractabte

P

59r.2
272.A
t44.5
76.8
43.O
47 .O
44.1
{6 .5
45.3
56. o

1 t27
645
390
235
r55
168
168
t83
t75
206

577.4
180. 4
134.7
93.4
76.9
57 .9
52.4
49. I
52.3
60.3

roto
¿tOO

332
260
23t
r90
179
t7 I
t83
207

¡.J
¡J
à.



soll ooLtt'il D^T^ FRo{ EXTR CTIONS CO¡DUCTED AFÌER ELUTlcll: I u€EK INO¡B TtOt, K¿O%*ilAp tRE llE¡t

Dietaæc Frqr
Appl, lcat ion

Site
(crî)

o.5
t.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

lratGr HaHC(h
Extractrbtc Extractibl.c

PP
-----'nE/kg of soi t-------

16.8
t3.6
r5.9
25.9
38. 7
45. 2
28. r
34 .8
5r.6
86.9

o.s
t.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

2A .4
17 .4
16.5
23.4
26.o
25-6
r3.o
t4. t
t8. I
33.9

gater HaHCtL
Extractabte ExtractËbte

PP

REPLIC¡TE fll
r 18.7
85 .9

to7 .8
162 .4
240 .2
307. !
ra5.6
24fJ .4
368 .5
629. 2

13.9
ro. 6
t2.a
17.3
24.1
36.9
24 .4
34 .9
53.5
86. 2

Æ/soi L section-

26.9
t8.7
15.5
r8.o
24.1
24 .2
r3.6
t? .4
21 . I
32.3

REPL¡CATE 12

92 .8
72 .3
79. I

ro5. t
163 .8
257 .9
t7t.9
238 .8
384 .9
s77.3

lotcl
Extractabt e

P

2o,0.2
tog.8
lt2.o
r46.9
t6t.5
r73.6
85.8

roo.9
t29.7
215.7

3r9
r95
2r9
309
40r
480
27t
349
498
874

r79.9
127 .1
96.O

ro9. 3
r63.8
169.4
96. r

r t9.4
15l .7
2 r6.3

272
r99
t75
2t4
327
427
268
35A
s36
793

t\)
1..)
L¡



Distance Frcrn
Apptication

. Site
(cm)

SOIL COLUI{II DAIA FRO,I EXTRACTTOI¡S CCI¡UJCÍED AFTER ELUTIOI{:

o.5
r.5
2.5
3.5
4.5
5.5
6.5
f.5
8.5
9.5

lrater
Ext rsctsbt e

P

NaHCO,
Ext ractåbt e

P

r.37
I .70
2.17
2 .57
2.A2
3. 56
3 .22
2 .96
3. 03
f .5r

o.5
1.5
2.s
3.5
4.5
5.5
G.5
7.5
8.5
9.5

5 UEEK tNCUBATtot, cflt¡TRol TREATT{EII

6.03
6 .52
5. 54
5. 02
5. to
6. 36
6. 15
6. 45
6. 15
4.83

t ater
Ext ractabt e

P

REPLICATE #1

9.55
ro. 92
r3.65
l7 .74
t9.tt
23 .20
23 .20
19.tl
20.47
ro.92

---,Iælsoit section

t .42
I .71
2.25
2. 36
2.a2
2.9r
2 .88
3.21
3.30
2.99

XåH00{
Ext ractãbte

P

8. 36
7 .79
7 .66
8.04
8.4r
I .47
7.84
I .40
7 .97
7 .30

REPL¡CâTE #2

9. 55
l2 .28
t6.38
t6.38
17.74
t9.lt
20.47
t9.tt
2t.44
20 .47

Totat
Ex t rac tabl c

P

4l .87
4t.83
34.72
34 .60
34.56
41.47
44 .28
4t.59
4r.55
34.80

5t.4
52 .7
48.3
52.3
53 .6
64 .6
67 .4
60. 7
62.O
45 .7

55 .92
55.84
55. 72
55. 72
52.8/
55.64
55.60
so. 02
5'2.75
49.98

65. 4
68. t
72.1
72.1
70. 6
74.7
76. o
69. r
74 .5
70.4

f\.)
l.J
o\



Distarrce Frqn
Apptication

Site
(cfl)

solL 00Lu+t o^t^ FRCr{ EXTR^CTIO|S cot{DUcTED AFTER

o.5
r.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

lJater [sHCOl
Extractabte ExtractËbte

PP
------np/kg of soi l-------

90
6t
55
27
20
22
26
2A
26
25

ELUI¡ol: 5 UEEK IHCUBAT¡O{, }t p (Ot¡Ly) IREAI}|€XÍ

o.5
t.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

t47
roo
66
33
20
t5
r6
17
r6
t5

lrÐter
ExtractabI e

P

R€PLICATE fll
592 .4
404.O
364.4' ta2 .9
r33.7
154.2
t85.6
184 .2
r95. r

r70.6

- - /.tslsoi t sect ion-

I l7
83
35
23
23
27
3t
3r
30
30

tl8HO0'
Ext ractdbtc

P

REPL¡C¡TE 12

2 t5 753.4
I t7 567.8
54 21O .2
36 ,46. O25 t7B. B
20 t85.6
20 2t9.7
20 227.9rB 2t7.O
20 206. I

Totel
Extrrctable

P

966
662
430
2t9
r30
107
tr8
r r5
t26
r07

l 558
r066
794
402
264
262
303
299
32r
27A

r 382
798
3r6
22A
r9r
r35
t39
147
t34
t34

2r36
r 366
527
375
370
320
359
375
35r
340

N'
t\)
!



Distarre Frør
Âppt icet ion

Site
(cn)

so![ coLttil DAT^ FRol ExTRAcTlolls cO¡DucIEO AFfER ELUT¡oll: 5 |EEK lltur8^ilot, UREÂ+lt^p TRE^T¡îEH¡

o.5
r.5
2.5
3.5
4.5
5.5
6.5
7.5
8.s
9.5

Yåter IaHOGT
Extractabte ExtractËbte

Pp

------nElkg of soiI-

59.4
89. 7
4r.6
25.7
24.1
32. t
34.6
45 .2
47 .2
6r.5

o.5
r.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

83.4
72.8
2A.7
14.4
15.3
ro. o
ro. 7
rr.5
r2.6
15 .7

Yåter
Extrac tsbt e

P

REPLICATE #1

372.6
544 .6
253 .8
t49.7
r85.6
206. r
274 '3
326 .2
330. 3
443.6

5r.2
8r.8
83.8
29.7
28 .9
2fl. t
25 .7
29. O
29. t
26. t

llaHCOz
ExtractËblc

P

lt€,lsoil eection-

6r.2
71 .7
49.O
t8. t
t2 .8
9.9
4.6
9.2
8.9

ro. 6

REPLIC¡TE 
'2

343.9
589.6
5t7.3
t84 .2
17fl .8
r82.9
192 .4
202.o
208.8
r80. f

Tot¡ I
Extrôctôbtc

P

522.9
442.O
t75 .2
106.8
rot .3
G4 .2
76 .2
83. r

88 .6
l13.i

895
9A6
429
296
286
270
350
¿l09
4t9
557

41t.4
516.6
302. 3
rt2.6
79. O
64 .8
64 .6
64 .3
64.t
73 .4

755
r 106
8r9
296
257
247
257
266
272
2s3

¡.)
a\)
@



Digtarre Frcr¡ yster
Appt ication Extrsctable

Site p
(c¡r)

SOIL OOLUT¡ DATA FRO{ EXTRACTIOHS COID{,,CTED AFTER ELUTIOI:

o.5
r.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

66 .8
44.1
47 .3
42 .2
23.8
16. I
t7 .4
r7.8
r8 .2
2r.r

IaHCO'
Ext ractËbtc

P

o.5
r ..5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

5 IJEEK IXOJB ilOt, NH4Cl.+ttAp ÌREATHEI¡T

r07
52
40
29
r5
9
a
7
7
I

Uater
Extractabte

P

REPL¡CAIE fl
465 .4
28 l.t
3r8.o
270 .2
t63.8
ro2 .3
ro9. 2
r32 .4
t3r.o
t46.O

93. 2
44 .3
4t.6
29. I
16.8
t4 .8
16 .9
17.c
r5.3
15.7

[aHcor lotat
Extroctãbtc ExtrôctabtG

Pp

fglsoit scctlon-

rt6
50
33
t8
tt
I
7
I
7
7

REPLICAT€ f2

660.6
326-2
245 .2
t95. t
ro2.3
90. o

r14.6
ttt.9
tog.2
ro9. 2

752.O
335. 9
27 1.6
r88.7
r07 .6
6'r .6
53.O
52. 3
52 .3
60. 3

12 l7
6r7
589
459
27 I
r64
t62
r84
r83
206

823 .6
3€9. 7
230. 4
r20.1
67 .2
53 .5
s2 .8
52 .9
s3. o
53.O

I 484
696
5r5
3t5
t69
f43
t67
t64
r62
r62

À)
t\)
\o



sotl 00trËt D^T^ FRO| EXIR CÌ¡O¡S

Dlataræc Fron
Appt lcrt i on

Site
( crn)

o.5
1.5
2.5
3.5
4.5
5.5
6.5
7.5
8.s
9.5

9ater
Extrcctcbtc

P

CoIüJCTED AFTER ELUTICI: 5 YEEK IHû.rgAÌtCil, (Ct+t{ p TRE^THE,¡T

r09
66
44
35
26
r8
t5
t5
l7
t5

tlaHCO'
ExtractËbtc

P

o.s
r.5
2.s
3.5
4.5
5.5
6.5
7.5
8.5
9.5

144
6l
33
24
l6
tt
I
7
I
a

9âteî
Extroctabt e

P

R€PLIC^TE II
73r.6
442.2
286 .6
238 .8
r66.5
I14.6
ro5. r

t r t.9
Itt.9
tt4.6

Itt
50
42
40
33
20
.t6

f6
l7
l8

XsHCûr
Extractãbtc

P

'lnlsoi t eect ion-

t70
6r
37
27
20
t3
9
I
9
I

REPLICAIE 12

741. I
348.o
27A .4
256.6
219.7
148.7
12l .4
Itt.9
tt4.6
121.4

Totât
Extractâbte

P

962.O
414.1
216 .4
16t.6
to7 .5
72.5
6r.5
s8 .5
52 .9
5A .4

1693
8s6
503
400
274
187
t66
170
r64
t73

r r36
425
244
r75
r34
93
72
58
6t
58

1fJ77
773
523
43t
3s3
242
r93
t70
t75
t79

¡\)
(,J
o



D lstsrrê Frcro
lppt ication

Sitc
( crn)

sO¡L 00Ltñ¡ 0ATA FRO{ EXÌR CTtOilS CO|D{JCTE0 AFTER Et Uf tot:

o.5
t.5
2.5
3.S
4.5
5.5
6.5
7.5
8.5
9.5

Yater IaH@rExtrâctsbtc Extractdbte
Pp

-----tElkg of soi t----- --

ro.5
r t.8
f6-7
37 .4
87 .7
96 .5
37 .8
55 .9
66 .8
8r.5

o.5
t.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5

5 IJEEK tnoj8 Ttot, (zo%+nAp TnE THEIT

24
ta
23
40

114
70
r6
17

Uater
Extrectabte

P

REPLICATE fl
65.5
76 .4

t t8.7
226.5
586 .9
6t8.3
273 .O
372.6
468. I
6 ra.3

16. r
25.9

. 36.2
43 .5
9t.3
75 .4
47 .O
60. o
a2 .2
82.1

---Ælsoit

20
22

X6HOOt
Extractãbl.c

P

29
3t
36
40

t04
4O
t5
t5
17
t6

sect ion-

REPLIC¡IE f2

r21.4
t78.8
22t. t
28r. t
636.o
491.4
300. 3
420.4
547.?
563. 7

lotaI
Extractablc

P

r52.6
f 18.5
165. t
246 .2
762 .5
448.3
r 18.4
I15.5
r 40.8
t72 .9

2 r8
t95
283
472

t 349
r066
39 I
488
609
79r

22t.2
219.5
223.9
258. 7
726.O
266.6

97 .9
ro5. 7
I16.C
I t5. s

3â2
398
445
539

I 362
758
398
526
663
679

N)(,
H
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Appendix D

NITRIC -PERCHLORIC ACID

TISSUE DIGESTION PROCEDURE1

- I g dry plant material placed into digest tube.

- 5 mL concentrated nitric acid added; predigested at room temperature for

at leasÈ t h.

- 2.5 mL concentrated perchloric acid added; digested at boiling point

until clear. Tecator Block Digestor Model 40-1006 and Autosrep 1012

Controller used with a ramp time of at least 30 min to reach a maximum

temperature of 230oC. Sustain 230oC temperature for at least 45 min.

- Either filtered through llhatman #42 fiLter paper, diluting and washing ro

25 mL with distilled, deionized water or diluted to 25 mL, centrifuged

and decanted.

- Extract stored in translucent plastic scintillation vials.

1 Fot determining low concentrations of micronutrients or low counts of
32P, the quantities of sample and acid were doubled.
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Appendix E

MANUAL METHOD OT 31P DETERMINATION

Adapted from Murphy and Riley (L962)

Reagent A - 500 mL distilled water

- 7.5 g ammonium paramolybdare, (NHa) 611o7024.4H2O

- 0.14 g antimony potassíum tartrate

- 88 mL concentrated sulfuric acid

- diluted to 1000 mL, store in dark glass bortle

Reagent B - 0.5 g of L-ascorbic acid in 20 mL vrarer

- prepared immedately prior to use

- samples diluted ro 0.1 - 0.5 *g p/L; used 10 mL

- 20 mL Reagent B combined with g0 mL Reagenr A

- 2 nL of AB mixture added to each sample; arlowed 5 min for color

development

- absorbance read at 885 nrn, using 10 mL vrater plus 2 mL of AB mixture as

zero absorbance standard

- absorbance converted to 31P .o.r".ntration using standard curve developed

from 0.1 - 0.5 *g p/L standards, subtracting 31p concentratÍon in

digest blank. Normally the standard curve was linear with a slope of
approximately 0.6 absorbance units for eaeh mg p/L.
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Appendix F

32p oerururrNATroN

Concentrations of radioactive P ín tissue digests !¡ere determined

directly using the cerenkov counting merhod adapted by sheppard (19g2).

This method does not require the addition of scintillation cocktails,

allowing the extract to be used for further analyses. Acceptable counting

efficÍencies of approximately 40t were achieved using translucent plastic

scintillation vials and a Beckman model 7500 liquid scintillation counter.

Samples of a consistent volume v¡ere counted for 20-60 min or to 1g

error, whichever occurred first. Sample counts were then corrected for

background and for decay during the counÈing session and lastly, for

counting efficiency. The counting efficiency of each sample was determined

and color quench corrected for by the sample channels ratio (SCR) technique

described in detail by Sheppard (L982).

The window setting of 0 to 650 was used to monitor the total spectrum

of 32p cerenkov radiation. The window setting of 0 to 200 was used to

monitor color quenching. Greater color quenching and lower counting

efficiencies were observed in samples having higher sample channels ratios

(0-200 channel count)/(O-650 channel count). A quench curve was developed

using standards with varying amounts of yellow food coloring. Counting

efficiency,in t, vras described by a third-order polynorniar equation

such as: I efficiency :78.95 - 11-4.66(scR) - L26.24(scR)2 + 2L6.12(scR)3

Unfortunately the automatic quench correction calculation of the liquid

scintillation counter did not use channel counts corrected for background

(i.e. the counter did not use the same scR as that which it prÍnted).



Therefore, quenching error had

counts were low and background

to be corrected

interference was

z5)

manually in situations where

significant.
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Appendix G

14N, 15x x.lnt¡AHL DrcESTroN

- 2 g dry Ëissue placed into macro-KjeIdahl flask

- HgO-Kelpak added with 25 mL conc. sulfuric acid, boiling chips and

digested for l_ h then allowed to cool

- 250 mL cold !¡ater added v¡ith fresh boiling chips , 25 mL of sodium

thiosulfate solution (80 g Na2S2O3.5H2O per L)

- 50 mL 0.100 N sulfuríc acid added v¡ith 3 drops mixed indicaror inro 500

mL Erlenmeyer flask and placed in distillation rack

- 50 mL of 50t sodium hydroxide added slowly ro Kjerdahl flask; flask

connected to distillation apparatus; boiled as long as possible

- distillate back titrated with 0.1 N sodium hydroxide until color changed

from red to green and titrant volume recorded for N determination

- 1 drop conc. sulfuric acid added to Erlenmeyer and evaporated to

approximately 5 mL for 15N d.t"rminatíon
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DESCRIPTION

Table 25. Description of Plant

Appendix H

OF FIELD PLOT HARVESTS

SËages for Field Plot Harvests.

Operation

Site Planting First
Harvest

Second Third
Harvest Harvest

Fourth Mature
Harvest Harvest

Teulon
19 81

Elm Creek
L982

Bagot
L982

Roland
1983

Carman
198 3

May 19 June 9,
F1

Date, Feekes Stage

June 25, July 9,
F4.5 F10.3

July 23, Aug. 18,
Fll. 1 Fll .4

Ì{ay 26

May 20

June 15, June 30,
F1 F5

June 10, June 23,
Fl . 5 F4.0

JuIy 15, July 29, Aug. 23,
F10.3 F10.s.4 Fll.4

June 23, July 7,
Fs F10.1

June 23, July 7,
F5 F10.5.1

JuIy 23, Arg . 23,
F10.5.2 Fll.4

July 20, Aug. 10,
F10. 5 .4 Fll.4

July 20 Aug. L4,
FlO. s .4 Fl1.4

July 7,
F10. 1

l{ay L7

May 16

June 9,
F1. 5

June 9,
F1. 5
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Appendix I

EFFECT OF SPLIT PI¿,CEMENT OF MAP
ON P UPTAKE AND YIELD OF FIELD PLOTS.

Tabre 26. Effect of split placement of MAp on p uptake and
Yield of Spring Wheat Harvested 2 llk Afrer
Emergence.

Treatment Teulon Elm
Creek

Bagot Roland Carman

Dry Matter Yield (Melha)

Seed Row P

Seed Row P
18 cm Dual
36 cm Dual
Seoarate P

Pr>F2

(s ks/}:a)
(20 ksþa)
+ starterl
+ starter
+ starter

0.080 0.080
0.0s9 0.087
0.081 0.101
0. 085 0 .092
0 .077 0.079
0.15 0.3s

0.102
0. 100
0.138
0.110
0.117
0.36

0.348 0.398
0.39A 0.47A
0. 36A8 0.408
0.348 0.398
0.39A 0.53A
0.034 0.001

o.27
0.34
0.36
0. 31
0. 31
0.41

0.091
0. 095
0.094
0.089
0.088
0.99

0.L26
0.120
0.169
0. 143
0.110
0.24

0.33B
0. 54A
0.388
0.378
0.52A
0 . 0006

Seed Row P (5 kglha)
Seed Row P (20 ke/h^)
18 cm Dual + starter
36 cm Dual + starter
Separate P + starter

Pr)F

P Concentration in Tissue (*p. drl¡ weight basis)

0.3283 o.4oB
0.43A 0. 59A
0.40A 0.458
0. 37AB 0.438
0.41A 0. 55A
0 .042 0.0001

Total P Uptake (ks P/ha\

Seed Row P

Seed Ror¿ P

l-8 cm Dual
36 cm Dual
Separate P

Pr)F

(s kglha)
(20 ks/ha)
+ starter
+ starter
+ starter

0.29
0.40
0.37
0. 33
0. 36
0.42

0.32
0. 34
0. 36
0.37
0.43
0.37

0.39C 0.40
0.458C 0 .62
0. 5lAB 0. 60
0.438C 0.50
0.62A 0.56
0. 01 0.06

Starter was 5 kg P/ha
supplemenËary to the
treatments.

Level of significance

Means followed by the
different according

applied as MAP in the seed row
main seedrow and preplant p

according to analysis of variance.

same letter are not significantly
to the LSD tesr (alpha : 0.05).
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Table 27. Effect of Split
Yield of Spring
Emergence.

Placement of MAP
Ifheat Harvested 4

on P Uptake and
LIk After

Treatment Teulon EIm
Creek

Bagot Roland Carman

Drl¡ Matter Yield (Mg al

Seed Row P

Seed Rors P
18 cm Dual
36 cm Dual
Separaté P^

Pr>F¿

(s ks/}:.a)
(2o ksþa)
+ starterl
+ starter
+ starter

0. 516
0.518
0.482
0.479
0.524
0.96

0.97
0. 9s
1.04
1 .01
1. 04
0.79

0. 6s0
0. 66s
0.733
0. 641
0.683
0. B1

0.817 0.t41
0.799 0.870
o .777 0 .97 s
0.732 0.946
0.838 0.99s
0.13 0.29

P Concentration in Tissue (tP. dr.r¡ weight basis)

Seed Row P (5 kglha)
Seed Row P (20 kelha)
18 cm Dual + starter
36 cm Dual + starter
Separate P + starter

Pr)F

0.3183 0.30
0. 35A 0. 30
0.35A 0.31
0.318 0.30
0.328 0.31
0.004 0 . 86

Seed Row P

Seed Row P
18 cm Dual
36 cm Dual
Separate P

Pr)F

(s ks/tra)
(20 kg/T:.a)
+ starter
+ starter
+ starter

0.40D
0 .498C
0. 55A
0.54A8
0.43cD
0 . 0007

3.20
3.88
4.28
3.99
3.61
0.07

0.32Il^
0.44A
0.44A
0.37AB
0.44A
0.011

2.37C
3.85A8
4 . ¿¿t\
3.398
4. 30A
0.001

0.28
0.29
0.31
0.29
0.31
0. s3

Total P Uptake (kg P/ha)

L.45
L.49
I.47
1.40
1.58
0.97

2.95
3.39
3.61
3. 16
3.3s
0.31

I.96
2.00
2.26
I.94
2.r0
0. 70

Starter was 5 kg Pþa
supplementary to the
treatments.

Level of significance

Means follov¡ed by the
different according

applied as MAP in the seed row
main seedrow and preplant P

according to analysis of variance.

same letËer are not significantly
to the LSD test (alpha : 0.05).
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Table 28. Effect of Split
YieId of Spring
Emergence.

Placement of MAP on
lfheat Harvested 6 I,Ik

P Uptake and
After

Treatment Teulon Elur
Creek

Bagot Roland Carman

Dry Matter Yield (Mglha)

Seed Row P (5 kglha)
Seed Row P (20 ke/\ra)
18 cm Dual + sxartetz
36 cm Dual + starter
Separate P^+ starter

Pr)FJ

(5 ksþa)
(20 ksþa)
+ starter
+ starter
+ starter

1.4981
L.92A
2.21.A
2.06A
2.07A
0.003

0. 26A8
0.23C
0.26A
0.248C
0.23C
0.01

3.83C
4. 35BC
5.82A
4. 898
4.728
0.0007

3 .69
3 .l+t+

3.81
3.47
3.54
o .42

0.23
0.23
0.22
0.22
0.27
0.094

2.3s
2.7L
2.s2
2.59
2.64
0.2r

O.2TC
0.228C
0. 25A
0. 25AB
0. 25AB
0 .011

2.42C
3 .01A
2.96A
2.548C
2.90A8
0.01

0.29C
0. 3lBC
0. 34A
0.33A8
0. 3lBC
0.008

2 .68C
3 .09A
3.18A
2,798C
3 .03A8
0.006

0.31C
0.37A8
0. 37AB
0.40A
0. 368
0.008

P Concentration in Tissue (tP. dr)¡ weight basis)

Seed Row P

Seed Rorv P

18 cm Dual
36 cm Dual
Separate P

Pr)F

Total P Uptake (kg P/ha)

Seed Row P

Seed Rov¡ P

18 cm Dual
36 cm Dual
Separate P

Pr)F

(5 ksþa)
(20 ksþa)
+ starter
+ starter
+ starter

8.33
7 .82
8.39
7.72
9.75
0.42

4. 81AB
6.07A
6.37A
6 .43A
6.63A
0.02

6.88C 8.38
9.27A8 11.3A

10.15A 11.8A
8.368C 11.1A
9.05AB 10.8A
0.02 0.001

Means followed by the
different according

Starter was 5 kg Pþa
supplementary to the
freatments.

same letter are not significantly
to the LSD test (alpha : 0.05).

applied as I'ÍAP in the seed row
main seedrow and preplant P

3 Level of significance according to analysis of variance.
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Table 29. Effect of Split
of Spring llheat

Placement of MAP on
Harvested 8 llk After

P Uptake and Yield
Emergence.

Treatment Teulon Elm
Creek

Bagot Roland Carman

Dr]¡ Matter Yie1d (Mglha)

Seed Row P

Seed Row P

18 crn DuaI
36 cm Dual
Separate P^

Pr)F¿

(s kg/r:,a)
(20 ks/}:.a]
+ starter'
+ starter
+ starter

2.80
3.45
3 .09
2.6L
2.89
0. 60

0. l-7
0. 1s
o.L7
0. 18
0. ls
0.097

4.99
s .09
s .08
4.74
4.27
0. 90

s .69
s.78
s.81
5.73
5.65
0. 98

5.68
6.03
6.L2
s.72
6.r7
0.42

5.15
5.61
6.r7
6 .06
6.11
0.6s

0.I7
0.18
o.2I
0. 18
o.L7
0. 06

5.20
5.56
6 .08
s.11
s.68
0. 18

P Concentration in Tissue (8P. dr)¡ r¿eight basis)

Seed Row P (5 kgþa)
Seed Row P (20 ke/h^)
18 cm Dual + starter
36 crn Dual + starter
SeparaÈe P + starÈer

Pr)F

0.2283
0.248
0. 238
0.228
0.26A
0.006

L2.8
13.6
13.3
L2.7
L4.4
0. 10

0. 18
0. 16
0. 16
o.17
0. 18
0.13

0. 16C
0.178C
O. lBAB
0.19A
0. 19AB
0.013

Tota1 P Uptake (kg P/ha)

Seed Row P

Seed Row P

18 cm Dual
36 cm Dual
Separate P

Pr)F

(s kgþa)
(20 ks/}:.a)
+ starter
+ starter
+ starter

10. 1

9.8
9.s
9.8

10. 9
0.26

9 .4C 8.3
9.9BC 9.5

I2.7A 11.1
11.08 9 .8
10.2BC 10.6
0.006 0 .L2

Starter was 5 kg P/ha applied as MAP in the seed row
supplementary Ëo the main seedrow and preplant P

tfeatmenfs.

Level of significance according to analysis of variance.

Means followed by the same letter are not significantly
different according to the LSD test (alpha - 0.05).
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Table 30. Effect of Split
Yield of Spring

Placement of MAP on P Uptake and
Ilheat Harvested At Maturity.

Treatment Teulon Elrn
Creek

Bagot Roland Carman

Grain Yield (Melha)

Seed Row P (5 kglha)
Seed Row P (20 kgÆ")
18 cm Dual + sxarxer¿
36 cm Dual + sËarter
Separate Pa+ starter

Pr)FJ
Cv4

1. 31
L.82
1.39
1. 59
1_. s3
0.31

25

0.26
0. 34
0. 31
0. 30
0.32
0. 16

3 .00
2.69
2.78
3 .00
2.8r
0.41

10. s

2.63
2.90
2.9s
2.77
2.8s
0.40
9.1

0.378
0. 398
0.42A8
0.408
0.47p'
0. 01s

2.84
2.9r
2.8L
2.9I
2.99
0.85
9.7

0 .41
0.42
0.43
0.42
0.43
0.54

11.6
12.3
11. 9

T2.L
12.8
0.74

2.7LABT
2.93A
2.608
2.93A
2.86A
0.036
6.L

0 .41
0.43
0.43
o.44
0.41
0.063

P Concentration in Grain (8P. dry weight basis)

Seed Ror¿ P

Seed Row P

18 cm DuaI
36 cm Dual
Separate P

Pr>F

(s ksþa)
(20 ks/ha)
+ starÈer
+ sfarter
+ starter

0 .43A8
0.47A
0.48A
0.408
0. 398
0 .012

Total P Uptake in Grain (kg P hal

Seed Row P

Seed Row P

18 cm Dual
36 cm DuaI
Separate P

Pr)F

(s ksþa)
(20 ksþa)
+ starter
+ starter
+ starter

3.45
6.29
4.36
4.s9
4. 81
0 .09

13 .0
L2.7
L3.4
T2.L
10. 7
0. 16

9.9
11.3
12.4
11 .4
13.3
0.08

11.0c
12.6A8
11.28C
13 .0A
11.8ABC
0.04

Starcer was 5 kg P/ha
supplementary to the
treatments.

Level of significance

Means followed by the
different according

applíed as MAP in the seed row
main seedrow and preplant P

according Èo analysis of variance.

same letter are not significantly
to the LSD test (a1pha : 0.05).

4 Coefficient of variance among replicates in *.


