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ABSTRACT

Field plots were initiated. to study the effect of time and method

of phosphorus fertLLizer application on yield of wheat at four ManÍtoba

sites over four years. yields with deep banded phosphorus (phosphorus

banded at abouL 7 to 10 cm soÍl depth and in 17.5 cm spacings prior to

seeding) \i7ere superior to those of with seed application. I^IÍth seed

application \,ras superior to broadcast applicatíons. phosphorus

broadcast Ín the fa'l \Á/as as effective in increasÍng yields as

phosphorus broadcast in the spring. rn contrast, deep banded

applications of phosphorus in the fall \¡/ere not as effective as

phosphorus deep-banded Ín spring.

A single addition of 50 kg p.ha-l r"" less effective than four
annual seed row applications of 12.5 kg p.ha-1 but superior to annual

broadcast applications Ín increasing yields over the four years of the

study' Yields wÍth a single additíon of 100 kg p.ha-l v¡ere similar to
annual applications of 25 kg P.ha-l added Ín the seed row or broadcast.

single applications of p at 50 or 100 kg p.ha-l supplemented by annual

applications did not íncrease yields above that obtained with only

annual applications of 25 kg p.ha-1 with the seed.

The amount of H2o or NaHCo3 extractable phosphorus \{as protted
versus ? yield. Although the rerationships \^/ere poor , the data

indicated that a response to applied phosphorus could occur on soils
prevíously treated with relatively large amounts of p and which have



high walues of NaHCO3-ext

A laboratory experiment \^,ras conducted to observe

hydrolysis of Dicalcium phosphate Dihydrate (DCpD) to

the raxe of

less soluble

reaction products such as octacalcium phosphate (ocp). sampres Í/ere

incubated at pH values of 6, 7 and B, temperatures of r0, 20 and 30 c

and calcium concentrations of 0.01, 0.001, and 0.0001 M. There tr'as

rittle or no hydrolysís of the DCPD at a pH of 6 and rhe hydrolysis was

slow at a temperature of 10 c. Rates of hydrorysis increased with
increases in temperature, pH and calcium concentration.
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CHAPTER ]

INTRODUCTION

Placement of phosphorus fertir izers with or near the seed is
considered to be the best method of supplyÍng phosphorus to plants

gro\¡rll on phosphorus deficient soils and ís the traditional method of
applying phosphorus fertilizers to annual crops grov/rl on the Canadian

Prairies. This method of fertilizer placement involves handling

relatively Large quantities of ferxíLízer by the farmer at time of
seedÍng which can cause delays in seeding and reduced potential yietds.
Thus, farmers are interested in applying phosphorus fertÍlizers at a

time other than seeding.

Field experiments \,rere initiated at four locations in Octobex L97g

to compare the effects of time and method of phosphorus fertilizer
applicatíon on yíeld of rsheat. The objectives of the study were to
compare: annual broadcast versus annual seed row applied phosphorus,

fall versus spring applied phosphorus, phosphorus deep banded into the

soil prior to seeding versus seed ro\Ár and broadcast phosphorus, a

single large application of phosphorus versus smarr annuar

applications, and a sÍngle rarge application of phosphorus versus a

large application plus annual seed row and broadeast applications.

Dicalcium phosphate dihydrate (DCPD) is an initial reaction product

formed in calcareous and base saturated soils when fert iLízers of high
r,rater solubility, particularly superphosphates, are applied. DCpD,
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holvever, is metastable and hydrolyses to octacalcium phosphate (ocp)

which eventually hydrolyzes to an apatÍte (usually hydroxyapatire, HA).

The solubility and thus the plant availability of phosphorus from these

sources decreases in the order: DCpD > ocp > HA. Hence, the rate at

which DCPD hydrolyses to oCP or less soluble phosphates influences the

residual value of the applied phosphate. A laboratory experiment \,üas

conducted to determine the rate of change of DCPD to less soluble

reaction products as a function of pH, temperature and calcium

concentration,



Chapter IT

REVIEI{ OF LITERATURE

A. Effect of Time and Method of phosphorus ApplicatÍon on yierd

There has been much work reported on the effectiveness of various

methods of applying phosphate fertilizers. Since immobile nutrients
such as phosphorus are not accessible unless they are physicalry placed

where roots can grovü to them, the proper rocation of fertirizer
placement is important for maxímum root access (Ktepper et â1, 19g3)

and hence planL growth. Essentiarly, methods of placement can be seen

as variations of broadcasting and banding. These two methods have been

explained by, among others, Bailey et al.(1980), Engerstad and rerman

(1980), and Tisdale et aL (1985). In broadcastÍng, the fertilizer is
uniformly distributed over a field before planting, either in the

spring or in the fall, and is usually íncorporated by either shallow or
deep cultivation; although broadcasting may also incrude topdressíng on

growing crops. Banding refers to the placement of a concentrated source

of nutrient in a restricted soil volume in the vicinity of plant roots.
This would include for example: seed praced (placed in direct contact

r¿ith the seed), side banding (applied in bands to one or both sides of
the seed or plant), and placement directry ber-ow the seed at a

prescribed depth.

olsen and Dreier (1956) found rhe efficiency of appried phosphare
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\¡/as greater when applied with the seed than when broadcasted and

recommended placement of P fertÍlizer wítih the seed of small grains in

the drier regíons. Fertílizer ín proximity with a germinating seed was

rapidly translocated and concentrated in the moisture imbibing seed and

thus available to the p1ant. Nyborg and Hennig (Lg6g) compared

placement of P in the seed row with placement in different positions

ai/ray from the seed ro\,r using barley as a test crop and triple

superphosphate as a fertiLlzer. They showed that with lov/ rates of p, l

kg P . ha- 1 , yields of barley were greatest r¿hen the p r¡as placed

directry in the seed row. However, at a higher rate of p, 29 kg p.ha-l,

yield with seed row P and p placed 2.5 cm below the seed were equal.

They noted that phosphorus should not be placed far from the seed row.

rn contrast , Lwxz et al (L973) found an advantage in placing p a\,üay

from the seed.

Ridley and Tayakepisuthe (1974) compared the effect of broadcast

P and seed row P on yield of wheat. trdheat responded well to the applied

P, with seed ror^/ being the most effective method of application.

Phosphorus applied in the seed ro\¡/ \,ras found to be about twÍce as

effective as P broadcast at time of seeding in an Australian experiment

(Rudd and Barrow, L9l3). They noted that phosphate appried wirh rhe

seed at time of seeding has been regarded as the standard treatment and

the effectiveness of other treatments compared with it.

The importance of P placement has also been shown in experiments

with other crops . Garg and I^IeIch (1966) , in greenhouse experiments with

corn' indicated that P placed with the seed was more available for
plant absorption, as refrected by plant yierds, than p banded or
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broadcast and incorporated. Bates (Lg7o), in a fietd experiment using

corn' found that the best yields T¡/ere obtained with seed placed p in
combination with either broadcast and incorporated p or side- banded p.

Bullen (1983) studied varíous P placement methods for soybeans.

on soíls low in NaHCO3 ext-p, yield responses were greatest with p

banded 2.5 cm below the seed. sidebanding p at 2.5 cm belor,¡ and 2.5 cm

beside the seed was less effective than placing p directly below the

seed. Placing P with the seed or broadcast application in spring or

fal1 v/ere not as effective in increasin g graLn yields as \¡/ere the

prevÍous methods.

Kinra er al . (1963) found that yields of winter wheat \¡rere

signÍficantly lower on plots with seed placed P than on plots rvith side

banded P (no broadcast treatments \¡/ere used). peterson et al . (19g0),

compared seed ro\^/ applied p with broadcast and incorporated p, and

found that at low initial soÍl p varues, as much as three tÍmes the

amount of broadcast P \¡/as necessary to give a símilar yield to seed row

applied P. However, at medium soil p values, yields were similar for
both placements. crop ïesponse to broadcast or seed row applied p may

be variable due to climatic cond.itions such as moisture, or to the

initial level of soil p. Several workers (power et a1.1961, Ferguson

1963 , Read and l^Iarder r974, Bairey et aL.r977) found a srrong

relationshÍp between moisture levers and p uptake. powers et al.
(1961), working with sprÍng wheat in Montana, found a linear function

between P uptake and four moisture regímes. Bailey et al . (rgl7) found

that in years of hÍgh r\¡ater suppry, yÍerd. and p uptake rùere generarly

higher than ín years of low rüater suppry. powers et ar (1961) and
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anStrong and Soper (Lgj3) nored

avaÍlability of soÍl p and the

band.

ínverse relationship between the

utilization of P from a fertíIizer

I^lhether P is added to the soir as annuar additions, single rarge

additions or a combination of the two methods, it has been found that
the crop uptake of p is relatively low compared to the amount of p

added (Maclean, 1963, Read et ar, Lgrr, Harvorson and Brack, r9B5).

This P accumulates in the soil and may be utirized by succeeding crops

dependent upon the degree of migration from the rooting zone and the

extent of change co non-available forms (Maclean, 1963). Therefore, one

obj ectÍve of several experiments conducted by various researchers has

been to determine the effect of this residual p on crop yields as a

function of tÍme.

Bailey et al (L977) broadcasted p at rates of 0, 100, 200 and 400

kg P per ha-I and cropped the soils over a period of eÍght years in a

continuous wheat-flax rotation. They found the addition of 100 kg p per

ha-l to be the most efficient treatment over the eight year period in
increasing yields, but by the eighth year the soÍl p was reduced Lo

about 8 kg P.ha-1 which in¡as considered inadequate for maximum crop

production. The 200 and 400 kg p per ha-1 additions \^/ere no more

effectíve than the 100 kg p.ha-1 i'increasing yields over the eight
year period. However, even after eight years of cropping there was

about 20 and 50 kg p.ha-l of NaHCo3-ext. p Ín the soils treated with
200 and 400 kg p.ha-1. Harvorson and Brack (r9g5), broadcasted and

incorporated 0, 22, 45, go, and 1g0 kg p ha-l and found over ten or
ereven crops that a one time application of p at rates of 90 kg p ha-l
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\ras an effective way of meeting crop needs. wagar et al (19s5) measured

the effectiveness of residual P and found that over a period of fíve

years, a single broadcast applícation of 40 kg p.ha-1 produced yields

comparable to those produced by seed. placed. treatment of Zo kg p.ha-l

yr-L. These results, however, appeared to be biased by an excellent

response to P in only the first year of study. Jansen et al (1995)

found that it made rittle difference in the total yield of grain

sorghum rvhen the P fertÍlizervtas applied every year, every t\^io years

or every four years.

The enhancement of yÍe1d with sma1l amounts of p applied in the

seed row ("starter effect") is also of importance. Results on "starter
effects" have been variable among experiments.

Poulet (1985) found that, on a soil ror^z Ín NaHCo3, pracing p at 17

kg P . ha- I i., the seed ro\rr increased yields even on plots previously

treated with 100 kg P.ha-l. He found that both broadcast and with seed

applications !¡ere necessary to achieve maximum yield on soils very 1ow

ín plant available P.

Read et al (L977) found a general l-ack of response to p applied

with the seed on soils that had received. a large applícation of p.

Ridley and Tayakepisuthe (L974) found seed ro\¡r p tend.ed to Íncrease

yíelds of wheat when appried. to plots thar had received 50 or 100 kg

P.ha-l b.rt found reduced yields when seed rov¡ p was applied to prots

which had received 200 kg p.ha-1. Alessi and power (1980) concluded

that banded P may be beneficial for spring rvheat since yield increases

\¡tere obtained from bandÍng P with the seed even when soÍl test levels
were high.
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A number of researchers have attempted to predict the duration of

the beneficÍal effects of Large applications of p based on the idea

that phosphate fexxljízer should be reapplied when soil tests reach 15

ppm and large yield increases are expected when soil tests are below 10

ppm (spratt and Read, 1980). sprart er al (1980) derived linear

equations for NaHCO3-ext. P values versus time and predicted that 100,

200,400 kg P.ha-l would provide sufficient p to wheat for about 6, g,

and 13 years, respectively, before further applÍcation would be needed.

Fixen and Ludwick (1982) deveroped a merhodology for determining

residual P in colorado soils based on the level of NaHCo3-ext. p, the

percentage clay and the percentage of lime in the soil (residual p was

defined as the amount of P removed from the soil by plant uptake until

the NaHCO3-ext. P level dropped ro 10 ppm).

Residual P, mg/2kg soil: -I7.02 + 2.062 (NaHCO3-exr. p,ppm)

+0.058 (NaHCO3-ext. p, -* c1ay,?)

-0.I87 (lime,B * clay)



B. Reaction ProducLs of P in soil

1. Fate of Applied Ferrilizer

I'Iater soluble P fertilizers are either precipÍtated or absorbed

by soÍl constituents. However, the majority of p near a granule ís

precipitated. Numerous researchers have shown the inÍtial reactÍon

product to be DCPD and DMPT in calcareous or base saturated neutral

soils' Cole et al (f953) studied the adsorption of soluble phosphate

fertilizers by calcium carbonate and found that DCPD rvas precipitated.

Moreno et al (1960) noted that DCPD v/as an initial reaction product

formed in soils when fertilizers of high \,¡ater solubility, particularly

superphosphates, \^rere applied. DCPD forms both at the site of
applÍcation due to hydrolysis of monocalcium phosphate, and in the soil

immediately surrounding it. Beaton and Read (1963), added water sol-uble

phosphate fertil-izers to soil and found that the major initial reaction

product was DCPD, as did Larsen and I,Iiddowsin (rglo) and strong and

Racz (L969). These products are metastable and undergo hydrolysis to

less solubre, and hence less plant awailable, forms of p. The general

sequence of hydrolysis for DCPD in neutral and calcareous soi1s, as

outlined by Lehr and Brown (1958) is:

DCPD _______Þ ocP ________Þ rrA

The sorubiliuies of these compounds are, pKsp 6.56 (DCPD), pKsp

93.81 (OCP), pKsp : LLI.B2 (HA). (Sample er al, 1980)
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2. Products Present in Soil

ideir and soper (1963) found that phosphate in nonphosphated

Manitoba soils \¡Ias more soluble than HA but less soluble than DCpD.

They also found that in most ferxiLLzed soils the solubility of p was

quite close to rhe solubiliry isorherm of ocp. Ridley and

Tayakepisuthe (L974) working with Manitoba soils, also found that in an

ìJntreated soil the soil l/as undersaturated wíth respect to OCp but

supersaturated with respect to HA. This suggested that eÍther IIA or OCp

governed the P concentration in the soil solution. In soils treated

with 50 kg P.ha-l, the solubilÍties of P were also between that of oCp

and llA, but '¡ere very close to that of ocp, indicating a higher

solubilíty of phosphate ín the ferxLlized soil than Ín the unfertilízed
soil. simÍlarly sadler and stewart (L976) found rhat in control soils
phosphate concentration vras controlled by impure HA ruhile after
phosphate addition the solution concencration was controlled by either
OCP or HA. Fixen (L979) indicated, however, that ferxLLízed soils from

Colorado appeared buffered near the solubility Ísotherm of tricalcium
phosphate (TCP) which has a solubility isotherm between that of oCp and

tlA. Fixen and Ludwick (L982) found that for 27 of 28 Colorada soils,
ocP \^ras probably not an important residue although they pointed out

that its importance may have been greater if soils of a high NaHCo3-

ext' P content had been selected. Griffin and Juriak (Ig73) studied

absorption isotherms of phosphate as described by a t\rro region

Langmuir equation. Their studies índÍcated that in region one of the
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ísotherm (at 1ow phosphate concentrations ) the soir solution \.{as

supersaturated with respect to HA whíle in region two (at higher

phosphate concentrations, >0.6 pprn p) the soir sorution \,ras

supersaturated with respect to OCp.

3. Factors Influencing Hydrolysis of DCpD

DCPD hydroryses to ress solubre phosphate compounds such as ocp

or HA' In laboratory experiments the rate of hydrolysis has been shown

to be affected by soil parameters such as pH, organic matter, presence

of calcium carbonate, temperature, moisture and time (sample et al,
1eB0)

Time: Bell and Brack (9L70) incubared. soils wirh DCpD for 4, 16 and

44 weeks and found that transformation of DCpD to ocp increased with
time of Íncubation, but they found no evidence of conversion of ocp to
more basic phosphates. This is in agreement with results obtained by

Moreno et al (1960a) who investígared rhe equÍlibrium of DCpD with a

neutral soil and noted the hydrolysis of DCpD to ocp over a period of
60 days. However, strong (Lg6g) incubated pellets of DCpD for periods
of up to B months and found- that the samples had reached equilÍbrium
with respect to DCPD and remaíned so for considerable lengths of time.
Values plotted on a solubility isotherm diagram remained between ocp

and DCPD. Racz and soper (Lg6r) srudÍed rhe hydrolysÍs of DCpD ín 4

Manitoba soÍls (0.1 E of phosphorus Ì,¡as praced between firter paper
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separating layers of soil in plastíc cylinders) for up to 6 months. No

OCP was detected in any of the four soils.

Temperature: Bell and Black (1970) incubated DCPD at temperatures of

25 C and 35 C and found the hydrolysis of DCPD to oCP increased wirh

increased temperature. probert and Larsen (Lglo), invesLigated the

dissolution of DCPD incorporated in moíst soil and found that over a

temperature range of 15 C to 33 C the rate of dissolution íncreased.

Beaton et al (1965), found that the \,/ater soluble phosphorus

concentration vras relatively unaffected by temperature in reaction

zones of 15 mg of P as DCPD placed Ín cavities in the surface of two

soíls incubated at 5, 20 and 30 C. This indicated that the solubility

of DCPD \,¿as not greatly affected by temperature.

pH: Bell and Black (L970) found rhar hydrolysís of DCpD ro ocp ín
incubated soils was confirmed after 4 weeks in soils having a pH values

between 6.9 and 7 .9, whereas for soirs with a pH value higher than 6.9

the ne\¡r phase lrras found only after incubation for 44 rveeks. They

concluded that the transformation of DCPD increased with increasing pH

(in neutral to basic soils). Moreno et ar. (1960b) found that ocp was

found to precipitate when the pH of the solution (DCPD in dilute
phosphoric acid and water) was higher than 6.38. The extent of the

hydrorysis lras larger the higher the initÍal pH of the solution.

MoisËure: Probert and Larsen (LglO) found the

DCPD to increase with moisture content over

rate of dissolution

the range of 12 to

of

32
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percent.

Organic matter: Moreno et al (1960a) noted that there \,Jas a decrease

in the rate of hydrolysis of DCPD as the level of organLc- matcer

increased. They suggested that organíc matter interfered in some \tray

with the formation of OCP. Solubí1i.zed organic matter complexed calcium

ín appreciable quantities at pH values above 6, introducing apparent

supersaturation with respect to DCPD, which may shift the equilibrium

of the reaction to favour DCPD.

Calcium carbonate: Racz and Soper (1967) incubated 4 soils and CaCO3

and MgC03 treated with DCPD at room temperature for up to six months.

OCP was formed after one month of incubation when DCPD was placed ínto

calcium carbonate but no OCP was found in any of the 4 soils.

Surface axea of DCPD: Probert and Larsen (1970), used sma1l and

coarse crystals of DCPD and found that the rate of dissolutíon \¡ras

greater for the small than for the large crystals incorporated in moist

soil. símilarry, Bouldin and sample (1959), using different mesh sizes

of fertilÍ-zer, reported that the availability coefficients of different

granular sizes of DCPD r¡¡ere primarily dependent upon the geometric

surface area of the granules, the srnaller the granular size the higher

the availability of phosphorus. Moreno et al (1960b) found thar if gCp

l,ras mixed with DCPD prior to the addition of phosphoric acid ( in a

solution experiment to study precipitation products of DCPD in dilut.e

phosphoric acid) equilibrium \,Ías obtained slowry because the DCPD
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crystals become coated with OCP. These results indicate that a

of OCP, which may occur on surfaces of DCPD crystals as they

congruent dissolution, would reduce the solubilíty and perhaps

of hydrolysis of DCPD crystals.

coating

undergo

the rate
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Chapter III

METHODS AND MATERIALS

Effect of Time and Method of Phosphorus Applicatíon1) Field Studies

on Yield of i,Iheat

The soils selected varied in NaHCO3-exr. p (6 xo 24 ppm), pH (6.5

to 7 .5) , ?co3 (.1 to 6.2) as well as texture and organic matter

content. The basic criteria used in the selection of the soils v¡as the

level of NaHCO3 - ext . P . A wide range \,,/as selected in order that the

effects of time and method of placement of P on efficacy be determined

at both low and hÍgh levels of plant avaÍIable p.

Field studies v/ere initÍated on four sites Ín South-Central

Manitoba in the fall of 1978. some chemÍcal and physical

characteristics of these sites are shown in table 1.

trlheat (Triticum aestivium, vay Neepawa) vzas seeded at 110 kg.ha-1

for all sites and years of the study. Treatments, shown in table z,

\Àrere arranged in a rand.omized block clesign with 2l treatments

replicated 5 times. Each plot was 3.25 m by 7 .23 m and replicates vrere

separated by 1.81 rn roadways.

A srnall plot seeder Ì¡Ias used for seeding and fertiLízer placement.

Phosphorus applied as a broadcast treatment in the
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Tab1e 1. Physicaj- and Chemical- Characteristics of the Soil-s Used in the
Field Studies

Purvis Kaleida Porta ge Carman

Association Snouffake

Soil
Type

Texture
sand (%)

sil-t (% )

clay (%)

c. E. c.
(cmotes. kg-1 )

0,fYì. (%)

co3( ø )

pH

H20-exl. P

(ppm)

NaHCO3-ext. P

(ppr)

0rthic
Black

fYlanitou

CL

36

36

28

30. 6

8.0

4.2

6.5

?.s

23.9

Cumufic
Regosol

L

33

46

21

16.1

3.4

moderate

2E

o.7

6.S

0rthic
Black

L

30

43
1'7

29.2

ca

0.3

7.0

0.6

6.3

EIm River lLjillor¡crest

0rthic
Bl-ack

LFS

B5

5

10

1a E

3.3

0.1

7.O

3.1

6.J
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Iable 2. Fertilizer Treat,ments for Field Plots

Treat.
No.

Broadcast
P Applied at
ïnitiation

of Exp.
Annual Application and Time and flethod

of Application

1

2

3

4

5

6

?

g)1

10x

11Y,
4a

IJ

14

15

16

17

1B

1S

2A

¿t

0

0

0

0

0

0

0

0

0

0

0

50 k9 P.ha-1
50 kq P.ha-1
50 kg P.ha-1
50 kg P.ha-1
50 k9 P.ha-1

100 k9 P.ha-1
100 kq P.ha-l
100 kq P.ha-1
100 kq P.ha*1
100 k9 P.ha-1

12.5 kg P.ha-1 ,

25 kg P.ha-1,
12.5 kq P.ha-1
25 kg P.ha-l,
12.5 kg P.ha-1 ,
25 kg P.ha-1,
12.5 kg P.ha-l,
25 kg P.ha-1,
12.5 kg P.ha-1,
25 kg P.ha-1,

12.5 kg P.ha-1,
25 kg P.ha-1,
12.5 kg P.ha-1 ,

25 kg P.ha-l,

12.5 kg P.ha-1 ,
25 kg P.ha-1,
12.5 kg P.ha-1,
25 kg P.ha-1,

0

seed rou in spring
seed rou in spring
broadcast & incorporated in spring
broadcast & incorporated in spring
broadcast & incorporated in fall
broadcast & incorporated in fall
banded in soil in spring
banded in soil in spring
banded in soil in fall
banded in soil in fall

0

seed rour in spring
seed rou in spring
broadcast & incorporated in spring
b¡oadcast & incorporated in spring

0

seed rou in spring
seed rou in spring
broadcast & incorporated in spring
broadcast & incorporated in sprinq

Notes:
(1) t+ Phosphorus fertilizer banded into soit at depths of ? to 10 cm in
fall after cuftivation or in spring prior to seeding

(2) Phosphorus, uhen broadcast, uas incorporated to a depth of 10 cm

irnmedialely after application using a rotory cuftivator
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fall was spread by hand. The phosphorus fertilizer \¡/as incorporated

into the soil to a depth of 7.5 to 10 cm using a rotary cultívator.

Phosphorus applied in bands in the fall was placed at deprhs of B to 10

cm at L7.5 cm spacings using a smal1 plot seeder equipped with a

fetxíIízer dÍspenser. Band application of the ferxíLizer uTas conducted

after the tilrage operation. rn spring, broadcast and preplant band

applications \¡rere applied. as described above immedíately prior to

seeding. Nítrogen fertilizer , as ammonium nitrate , \,ras applied at the

ïate of 100 kg N.ha-l.yr-l. The nitrogen fertil-izer was applied prior

Lo the spring tillage operation.

Plots were maintained weed free using the herbicides Buctryl M and

Hoegrass at recommended applieation rates.

rn 1980, a severe drought resulted in poor emergence and growth.

Plant growth at the Portage and carman s ites v,rere reasonably

satisfactory and adequate for yield measurements. In contrast, at the

Purvis and Kaleida sites, growth vr'as very poor and harvestíng \^/as not

conducted

At maturity, the total above ground portion of the plant ín 7.22 m

of row frorn the center of each p1ot, r,ras harvested.. Samples were dried,

threshed and ground and yields of grain and strarrr determined. The

samples from each replicate were bulked by treatment prior to analysis.

Soil samples r^¡ere taken from the 0 to 15 crn depth of all treatments

in fall after tillage operations. Each plot rüas sampled at four

locations and samples from the various locations and from all

replicates bulked by treatment. Samples were aÍr dried and ground prior
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to analysis

2) Laboratory studies - Hydrolysis of DCpD as affected by pH, calcium

concentration and temperature.

Two experiments were conducted in the laboratory.

(a) Solution study: A solution experiment was conducted to observe

changes in DCPD with tine at different pH values, calcÍum

concentrations, and temperatures.

One g of DCPD was enclosed in Ldhatman fílter paper and incubated in

flasks containíng solutions of varying concentrations of calcium (0.0f

M, 0.001 M and 0.0001 M) and maintained at various pH values (pH 6, pH

7 and pH B). The samples r¿ere ineubated at temperatures of lO, 20 or 30

c for a period of up to 24 months. solutions \,,/ere changed at regular

monthly intervals and the pH values of the solutions adjusted when

necessary. After incubation, the DCPD \',7as removed from the solution and

air dried. Subsamples were subjected to X - Tay díffraction analysis

and analyzed for calcium and phosphorus content.

(b) Soil studies: An experíment \^/as conducted. to observe the

hydrolysis of DCPD in various soiIs.

rncubation of DCPD for each soÍl v/as as follows: Two plexiglass

cylinders (4 cm r.D. and 5 cm high) were each filled. wírh about 100 g

of dty soil. The ends of the cylinders \^¡ere sealed with polyethylene

mesh wíth a mesh opening of r5l u. one g of DCPD \Àras placed as

unÍforrnly as possible between the two halves which were then taped

together with electrical tape. The samples were placed in containers
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with free water at the bottom and the soils allowed to \^/et to field

capacity by capillarity. The samples \,rere removed from the wetting

contaÍner and incubated at temperatures of 0, 10, 20 and 30 c for

perÍods of up to 30 months. Duríng incubation the samples \¡rere

periodically inverted to assure uniform \./ater content and assure

aerobic conditions. Some chemical characteristics of the 12 soils used

are shown in Table 3.

After incubation, the DCPD !/as removed and dried prior to analysis.

Subsamples \,rere subjected to X - ray diffraction analysis, and anaLyzeð.

for calcium and phosphorus content.

3) Analytical Procedures

organic matter content of the soils \das determíned by the

I,rlalkley-Black method as described by Allison (1965). Tirrarions \{eïe

conducted using an automated potentiometer.

Particle size analysis was performed by the standard pipette method

described by Kilner and Alexander (1949).

soí1 pH r^ras determíned on a 1 : 1 soil to \¡/ater paste using a

combination glass - calomel electrode.
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TabLe 3.

Soil- Name

Some PhysicaÌ and Chemical Properties
Soils Used for the Incubation Studies

Texture ñcoa pH

of

El-m River
Lakel-and
Stockton
lLJelluood

Neudale
Plumridge
SnoufLake
lLJill-oucrest
BaImo¡aI
Lundar
fYìanitou

ïnuood

SiL
SiCL
LFS

L

CL

LFS

CL

LFS

JI- L

L

CL

rt

6.2
18.2
0.0
o.4
1.8
8.0
ñ1

0.1
10.6
3.4
o.2

12.0

t.Õ
"70

6.8

ac

8.1
?.1
RO

B.'i
"7 '7

6.8
10
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The inorganic carbonate content of the soil samples rvas determined

by reacting a 0.5 g sample of soil with 40 ml of 0.r M HCL. The coz

evolved was collected in a Nesbett tube containing ascarite and the

percentage calcium carbonate equivalent \ùas calculated from the change

in weight of the ascarite.

Catíon exchange capacity was determined by ammonÍum saturation and

displacement of exchangeable cations using NH4oAc ax pH 7 (chapman,

L96s) .

NaHCO3 extractable phosphorus \¡ras determined by a modified Olsen et

al (1954) method. Fíve g of air dried soil was extracted r^¡ith 100 ml of

0.5 M NaHCo3 at a pH of 8.5 for 30 minutes. After equílibraríon, the

so1uLíons were either centrÍfuged or refÍltered until a clear extract

I¡/as obtained. i.rlater extractable phosphorus \¡/as determined by shaking 5

g of soil with 100 mI of water for 30 minutes. The concentration of
phosphorus in solution was determined by the acid - molybdate procedure

as described by Murphy and Riley (Lg6Z).

DCPD \¡ras prepared by a srow addition of a cacr2 solution and a

phosphorus solution (Na2HPo4.2H2o + KH2po4) inro a phosphare solution
(KH2POa) maintained at pH 4 to 5. I^Ihen the precipitation was complete

the liquid was decanted and the precipitate washed, first with a dilute

solution of phosphoric acíd then with ethanol and aír d.ried (Racz

Le66) .

The cal-cium and phosphorus content of the phosphorus reaction

products uras determined as follows: o. l B of sample was dissolved in
concentrated HCL and diluted to concentrations appropriate for
analysÍs. Phosphorus r,ras measured as mentioned previously. Calcium was
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determÍned by Atornic Absorption spectrophotometry.

The phosphorus content of plant tissues 'ç,¡as determined as follows:

one gm of plant material was digested using a HNO3-HC1O3 acid mixture.

The digests vrere filtered, diluted and the phosphorus content

determined colourimerrically (Murphy and Riley L962).

X - ray diffraction analysís T,las conducted on the phosphorus

reaction products using a Philips X - ray Defractometer, model PI,I 1051.

The sample was finely ground and placed in the carget area. The samples

were mechanically rotated from 00 to 500 The lines \¡/ere measured from

the chart output and the ttd' spacing corresponding to each major peak

\'^74s calculated. The phosphorus reaction products were identified by

comparison of the "d" spacings obcained for the samples to those listed

for the warious phosphorus reaction products in crystallographic

Properties of Fertll-J-zer Compounds (Lehr et al . L967).



24

Chapter IV

RESULTS AND DISCUSSION

A. Field Studíes - Effect of Time and Method of Phosphorus Fertílizer

Application on Yield of \nlheat

]- Purvis

Yíe1d measurements \üere taken in only three of the four years of

the study at Purvis. Due to drought, the crop \^ras not harvested in

1980. Analysis of variance, ANOVA, Ì{7as conducted on the yield data to

test for significant differences in yields; a) among years and

treatments, b) between rates, and c) between methods of applicatÍon

(Appendix A). This analysis showed that there \,üere significant

differences in yields among years of the study and among treatments.

Yield of wheat, between rhe rares of L2.5 kg p.ha-l and 25 kg p.ha-l,

v/as significantly different when no P was added in the first year of

the study and when 50 kg P.ha-1 t"" broadcast. Methods of application

sÍgnificantly affected yield only for those treatments which had no

ínitial large applicacion of p.

Yield of wheat grown at Purvis Íras significantly increased by

phosphorus (P) fertilizarion in all years of srudy (Table 4). Grain

yields among plots treated with annual applications of P but without an
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initial large application of broadcast p were not significantly

different except ín I9B2 when yíeld wirh p applied in a preplanr band

in spring at L2.5 kg P.ha-l r"" higher than yield with broadcast p

application in fall or spring at the same rate of application. Despite

the lack of significant dífferences ín yield among most of these

treatments, various yield trends were evident. Yields with P applied in

the seed-row at L2.5 kg P.ha-l *ur. always superior to yierds with p

applied broadcast at 12.5 kg p.ha-1. Ar the higher rare of application

(25 kg P.ha-l), although yields wÍth p appríed. ín rhe seed-row were

higher than those with broadcast p applications in tr,¡o of three years,

the mean yield for all years of study for these t\^/o treatments were

equal. Yield increase (kg grain per kg p ad.ded) for all yeaïs of study

was 65, 50, 38, and 38 for P applied in the seed row at L2.5 and 25 kg

P.ha-1 and P applied broadcast ax 1*2.5 and 25 kg p.ha-1, respectively.

The average yields r¿ith P band.ed into the soil prior to seeding at

12.5 kg P.ha-r çzzzl ke) rrrere higher rhan wirh p broadcasr in rhe

spring and P applied in the seed row (respectÍvely, 2932 kg and 3182

kg). Yield of wheat with 25 kg p.ha-l applied as a preprant band were

also slightly greater than with broadcast or seed row application. It

should be noted, however, that in these experíments the spacing of



P Method & Time

ïnilial of Annual-
(k9 P.ha-1 ) Applicat,ion

Tab1e 4.

0

0

0

0

0

0

0

0

u

0

0

Effect of Time and lYìethod of
At Pu¡vis

no P applied
seed rou,r - sp

seed roul - sp

broadcast - sp

broadcast - sp

broadcast - f
broadcast - f
banded - sp

banded - sp

banded - f
banded - f

Annual
P added

(ts e.rìa-1) (k9 p.ha-1) 1s?s

Total
P added

50

50

50

50

50

Phosphorus Application on Yield of lLJheat

12.5
25. 0

12.5
25.0
4a E

25,O
4a c

îE n

4a Ê

25.0

no P applied
seed rou - sp

seed roul - sp

broadcasl - sp

broadcast - sp

50

100

50

100

50

100

50

100

50

100

100

100

100

100

100

2451 G

3245 ABCDEF

3627 ABCDE

2992 E

348? ABCDEF

31 40 CDEF

31 91 ABCDEF

31 64 BCDEF

3476 ABCDEF

3064 EF

3120 DEF

no P applied
seed rou.r - sp

seed rou - sp

broadcast - sp

broadcast - sp

Yie1d (kq P.ha-1 )

1 SB1

25.0
12.5
25,O

1 930
2ñ1aJUJJ

31 51

2935
3048

2795
2S65

3D27

3214

2t7B
Jt ¿t

x Duncans wlultiple Range Test,
are not signilicantly different

50

100

150
'100

150

AB

AB

AB

AB

AB

AB

AB

A

AB

AB

1982

4a E

25.A
12.5
aÊn

3723 ABC

3528 ABCDEF

3616 ABCDE

3478 ABCDEF

3747 AB

1S26 E

3268 ABCD

334s ABC

2863 CD

3587 A

2915 BCD

331 4 ABD

3491 A

3536 A

3OS3 ABCD

3379 ABCD

YieId
increase

(kg grain
per kq P

added )

100

150

200
150

200

averaqe

2102

3182
337lt

2932
3374

2S50
a4 coJ¡JI

3227
a/,ao

2978

3207

3729 AB

37BO A

3572 ABCDEF

3574 ABCDEF

3675 ABCD

2725 B

3040 AB

32OB AB

2900 AB

2363 AB

numbers fol-loued by the same Ietter
at p = ¡.¡5

65

3B

50

3B

51

32

68

40
EAJJ

33

27BB D

3404 AB

34s2 A

31 48 ABCD

3539 A

2966 AB

2376 AB

2592 AB

3258 A

2S1 I AB

30?9

3324

3425
31 75

3/+16

322S ABCD

3301 ABC

3548 A

341 4 AB

3364 ABC

N)
o\

5S

37

26

26

3308

3352
3371

341 s

331 I

36

25

19

26

18
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the preplant P bands was 17.5 cm (a relatively narrow spacing) and thus

the P band was no more than about 9 cm from the seed row. The excellent

response of wheat to P applied in preplant bands suggests that this

method of P application may be a suitable alternative to P applied in

the seed-row.

P broadcast in fall ax ]-,2.5 kg p.ha-1 r"" as effective in

increasing yields as P broadcast in spring. P broadcast in faLI ax 25

kg P.ha-l ruas less effective in increasing yields than P broadcast in

spring in all years of study. None of these differences Ín yield,

hov¡ever, urere significantly different in any year of study.

P applied in preplant bands in fall vrere less effective in

increasing yields than P applied in preplant bands in spring at both

applÍcation rates and all years of study. rn these studies, the p bands

placed in the fall were disturbed by spring tillage operations. This

would reduce the plant availability of the P banded in the fal1. plant

availability of P banded in the faIl approximated that of broadcast p

applications.

A single large application of p, with the idea of eliminating

annual apprication, was compared to annual applications. As noted

previously, differences in yield among treatments \,,/ere usually not

significantly different but several trends urere evident. Broadcasting

50 kg P.ha-l in yrrr one of the study resulted in lower yields than

four annuar applications of rz.5 kg p.ha-l i., th" seed row or preplant

bands in spring. A single rarge applÍcation of 50 kg p.ha-1, however,

I¡/as on average more effective in Íncreasing yields than four annual

broadcast applications ax 12.5 kg p.ha-l. rt should be noted, however
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that the application of 50 kg P.ha-l i.,"r"rred yields mainly in only

the first and second year of the study. Yield increases tend.ed to

decline rvith cropping Ín years three and four of the study with the

single application of 50 kg P.ha-1 and yields with the annual broadcast

P application at L2.5 kg P.ha-1 r.." srÍghtly hígher in years rhree and

four than with the single large application. Additional P rvas required

in years three and four of the study to obtain maximum yields when 50

kg P.ha-1 was broadeast in year one. Both seed-row and annual broadcast

P applications ax L2.5 and 25 kg p.ha-1 increased yields on these

plots, seed-row applications of P were more effective in Íncreasing

yields than broadcast P.

Broadcasting 100 kg P.ha-l in y."r one of the study resulted in

high yields in all years. However, four annual applications of 25 kg

P.ha-1 in th" seed-row, spring broadcast or applied preplant ín a band

in spring v/ere slightly more effective in increasing yields. Annual

application, in addition to the single large application, was required

for maximum yierd only ín the last year of study r¿hen a sright yield

response to annual application \,nas noted.

Although it is important to consider the efficacy of p use (ie.

yield Íncrease pel: unit of p added) it is also important to study

methods of P application which result in maximum yields. At this site,

annual applications of 25 kg p.ha-1 applied in the seed-row, applíed in

preplant bands in spring or broadcast in the spring resulted. in yields

equal to yields obtaíned from treatments in which much greater amounts

of P was added.

uptake of P by v¡heat at purvis r{as greax]'y increased by
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f.etxiLization and usually increased r^¡ith increases in the amount of p

added (Table 5). Samples from the various replicates Ì^¡ere bulked prior

to analysis and thus a statistical evaluation of the data could not be

conducted. Uptake of P as affected by time and method of placement

followed the trends noted for yield. uptake of p by wheat gro\¡rrì on

plots without a single Large application of P varied from about 8 to 14

kg P.ha-l v¡ith annual applicacions of p. since most of the p in the

above ground portion of the plant is contained in the seed (Racz et al

1965) relarively large quanriries of p (6 ro l0 kg p.na-l) would be

removed each year. Thus producers would need to add about 6 to 10 kg

P.ha-l pur y."r in order to replace p removed by cropping. p uptakes

were greatest on plots with the single large P application supplemented.

with annual applicacions. These treatments usually did not result in

hÍgher yields than those with annual seed-row placed p or p applied ín

a preplant band Ín spring ax 25 kg p.ha-l. Thus luxury consumption of p

occurred on these plots, particularly on plots treated with 100 kg

P.ha- 1 
.

Percent utilizatíon of added p

minus amount of P in nontreated plants

decreased with increases in amount of p

applied P as affected by time and method

noted for yields.

(amount of P in treated plants

divided by amount of P added)

applied. Percent uLilization of

of P placement followed trends

It should be noted that the dÍfference method used for calculating

fertilÍzer usage:

(P uptake from a treated plot minus p uptake from the control plot) /
(totalPadded)*100.



Table 5. Effect of Time and Method of Phosphorus Applications
on Uptake of Phosphorus at Purvis

Total P Uplake (kq P.ha-1 )

P fYìethod & Time Annual Total
Initial of Annual P added P added

(l(q P.ha-1) Application (Ks p.ha-1) (Kg p.ha-l)

0

0

0

0

0

0

0

0

0

0

0

no P applied
seed rou - sp

seed rou.r - sp

broadcast - sp

broadcast - sp

broadcast - f
broadcast - f
banded - sp
banded - sp

banded - f
banded - f

50

50

50

50

50

4a É

atr ñ

I ¿.3

25.4
1a I

25.0
12.5
25. 0

12.5
25.4

no P applied
seed rou - sp

seed rorL,r - sp

broadcast - sp

broadcast - sp

50

100

50

100

50

100

50

100

50

100

1 97S 1 SB1

100

100

100

100

100

b.l
8.4

10.9
ón

10. 5
o?

s.7
10. g

9.4
s.0

10.1

no P applied
seed roul - sp

seed rou - sp

broadcast - sp

broadcast - sp

6.4
11.8
13.2
11.9
12.2
I t.4
11 .7
12.6
4a ô

I l.J

13.4

1 SB2

1a E

25.0
11 E

25.0

qo

13.0
12.4
11 .7
'13.9

11.1
13.8
14.8
14.8
11 .7
a7 0

tolal

50

100

150

100

150

Total
-Tr1

18.4
33.2
2eE

32.6
36.6
?ao

1Ê a

38. 3

36. B

32.D
37.3

12.5
25.O
12.5
25.O

12,7
11.8
12.9
|.b
tJ. /

ø

utilization

100

150

200
'150

2D0

14.8
18.1
14.2
18.2
13,4
1 6.8
1O O

'1 8.4
13.6
18.9

10.4
4a a

13.3
I ¿.Ò

12,5

1) '7

14 .1
1a o

1a a

13.2

10.s
13.4
1s.1
12.6
14.4

30

1B

28
,18

27

t(
40

1B

¿(
1S

12.8
12.7
14 .1
,1 Z O

14 .7

34.0
1nc

41 .3
36. B

40.6

t¿. (

12.5
1 5.1
IJ.4
14.3

'1 5.6
19.',]

22.5
18.4
))2

UJ
O

38.2
za .7

42.1
40. 6

4¿. ¿

31

19

15
,]B

'15

lo o

-4a

23.7
22.2
23.8

2D

14

12

15
1a
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could lead to an underestimation of fertilizer use. Adding P fertilizer

can at tÍmes reduce soil P uptake resulting in an underestimation of

the amount of fertíLizer P used. It is also possíble that under certain

circumstances the addition of ferxlLízer P results in a much Larger

plant and a larger and deeper root system, whÍch results in an

increased. soil P uptake. The use of a tracer such as 32p i" required to

separate these effects.



Kale ida

Yields \,rere measured in three of the four years of the study. Due

to drought, the crop T¡/as not harvested in 1980. Statistical analysis.

ANOVA, showed that there were signifícant differences in the yields

among years of the study and among treatments. Yields wíti¡ L2.5 and 25

kg P.ha-1 were not significantly d.ifferent. The method of application

affected yield wíth the 0 and 100 kg p.ha-l broadcast applications.

Response to P fertilizaxion at Kaleida vüas not as great as at

Purvis (Table 6). Yietd of wheat at Kaleida v/as significantly increased

by P fertilizaxton only in the last year of the study. Grain yields

among plots without an initiar large application of p were not

significantly different in any year excepr in 1981 when L2.5 kg p.ha-1

applied in a band prior to seeding resulted in higher yíetds than the

same amount of P applied broadcast in the spring. In spite of the lack

of sÍgnifÍcant differences warious yield trends v/ere evident. yields

with P ax L2.5 kg P.ha-l applied in the seed row r¡/ere on average higher

than yields with the same quantity of p broadcast ín spring. rn

contrast, yields with P broadcast in spring at 25 kg p.ha-1 r"ru

slightly higher than when the same quanriry of p was applied wirh the



P Method & Time
Initial of Annual

(t<q P.fìa-1 ) Applicat,ion

Table 6. Effect of Time and fvlethod of Phosphorus Application on Yield of lL]heat
at Kafeida

0

0

0

0

0

0

0

0

0

0

0

no P applied
seed roul - sp

seed rou - sp

broadcast - sp

broadcast - sp

broadcast - f
broadcast, - f
banded - sp

banded - sp

banded - f
banded - f

AnnuaI
P added

(ks p.na-1) (ks p.ha-1) 1s?s

Total
P added

50

50

5û

50

5û

I2.5
25.0
12.5
25.O
12.5
.E ñ

25.O
1a E

25.O

no P applied
seed rou.r - sp

seed rou - sp

broadcast - sp
broadcast - sp

50

100

50

100

50

100

50

100

5D

100

100

100

100

100

100

2993

321t
31 0S

3391

3234

3360

3463

3533

341 1

3605

3D72

Yield (tg n.na-t )

no P applied
seed rou - sp

seed rou.r - sp

broadcast - sp

broadcast - sp

Ar?

A

A

A

A

A

A

A

A

A

A

1 981

251 1

271D

2542

2312
2456
281 4

2432

30s7
2es0

2902
2682

12.5
25.O
4a E

-E ñ

ABC

ABC

ABC

C

ABC

ABC

BC

AB

ABC

ABC

ABC

-)t Duncans ffiultiple Range Test,
are not significantly different

1982

50

100

150

100

150

2637 D

J379 BC

341 S ABC

2SB2 CD

3893 AB

3327 BC

3606 ABC

3864 AB

3790 AB

3674 ABC

3373 BC

12.5
2s.0
12.5
25.D

30D2

3717

31 46

3090

3463

Yield
increase

(k9 grain
per kg P

added )

A

A

A

A

A

average

100

150

200
150

200

271 4

31 00

302J

2BS5

31 94

31 67

Jlb/
3498

3384

3394

3D42

2248

2518
2706
2742
2B3E

2947

3682

360s

3341

31 99

c

ABC

ABC

ABC

ABC

A

A

A

A

A

numbers

atp=

')-l

I
11

t4

t4

47

20

41

'10

3224

3451

3547
aona

3668

2852
31 45

2780
2Ê25

31 60

folloued by

0. 05

BCD

ABC

ABC

AB

ABC

ABC

AB

ABC

ABC

A

3329

JllEr
4085

3454
3630

2825
3225
31 33

3236
3324

the same Ìetter

BC

AB

A

ABC

ABC

(/)
U-)

7

15

B

lEr

tt

3û43

351 4

3490

31 40

3330

10

16

12

s

I



34

seed. Preplant banding of P in spring resulted in hÍgher yields rhan p

placed in the seed-ro\,¿ at all tÍmes and at both rates of added p, and

rfas superior to spring broadcast p three of three years at 72.5 kg

P.ha-l and two of three years ax 25 kg p.ha-l. The excellent response

of wheat to P applied in preplant bands in spring, as \¡/as noted for the

Purvis sice, indicates that this method is an alternative to p applied

in the seed row.

Yields with P broadcasr in rhe farl at i.'2.5 kg p.ha-1 iq.ru

slighcly higher than yields with p appried in the seed row or applied

broadcast in sprÍng. At 25 kg p.ha-l, yíelds with p broadcast in the

fall !/ere higher than yields with P banded in spring but lower than

yields with P applied in the seed ro\¡r. yields with p applied in
preplant bands in the fall were lower than yields with p apptíed in
preplant bands in rhe spring at L2.5 kg p.ha-l. p applied at 25 kg

P.ha-l in pt"plant bands in the fall was less effective in increasing

yields than P preplant banded in spring. Again, it should. be noted. that

none of these differences in yield were significantly different in any

year of the study.

Yierd increase per unir of p applied. (kg grain per kg p added) was

highest when L2.5 kg P.ha-l *"" applied in preplanr bands in sprÍng.

Yield increase per unit of P applied was also high when 12.5 kg p.ha-l

was banded into the soil in faII. The highest yield íncrease per unit

of P applied when 25 kg p.ha-l r"" applied occurred when the p was

applied in a preplant band. in sprÍng.

A single large apprication of p was compared to annual

applications. Differences ín yield were usualLy not statistically
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significant but some trends were evident. Broadcasting 50 kg p.ha-1 in

year one of the study resulted in lower yields than four annual

applications of L2.5 kg P.ha-l by "r,y other applÍcation method in a1l

years of the study. Additional P was required to obtain maxÍmum yields

in all years of the sLudy; both seed roÌ^r and annuar broadcast

applications increased yields, yield Íncreases being similar for the

two methods of application.

Broadcasting 100 kg P.ha-l in year one of the study also usually

resulted in lower yields than four annuar applications of 25 kg p.ha-l.

Additional P was required to obtain maximum yields and P applied in the

seed row \^ras more effective than broadcast p in enhancing yields.

As was noted for the Purvis site, maximum or near maximum yields

could be obtained with annual P applications. Applying p in preplant

bands in spring, generally resulted in as high a yield as when larger

amounts were broadcast followed by annual applications.

uptake of P by wheat at Kaleida v/as greatly increased by p

fetxíl-ization and usually increased with increases in the amount of p

added (Table 7). uptake of P as affected by time and method. of

placement generally forlowed the trends noted for yields. The

relationship between yield and P uptake, however, was not as close as

noted for the results obtained at purvis. Luxury consumption of p

occurred on plots treated with a single large application of p

partÍcularly when supplemented rt¡ith annual applications. Percent

utÍlízation of added P was highest when 12.5 kg p.ha-1 r"" applied in

preplant bands.



Table 7. Effect of Time and Method of Phosphorus Applications
on Uptake of Phosphorus at Kaleida

Total P lJptake (tq e.na-1)
P wlethod & Time Annual Total

Initial of Annuaf P added P added
(t9 n.na-1 ) Application (ks p.ha-l ) (k9 p.ha-1 

)

0

0

0

0

0

0

0

0

0

0

0

no P applied
seed rorrl - sp

seed rou - sp

broadcast - sp
broadcast - sp

broadcast - f
broadcast - f
banded - sp

banded - sp

banded - f
banded - f

50
trñJU

50

50

50

25.O
1a c

-E n

12.5
25.0
4a É

25.O
12.5
25.0

no P applied
seed rou - sp
seed rou,r - sp

broadcast - sp
broadcast - sp

50

100

50

100

50

100

50

100

50

100

1 S?S 1 981

100

100

100

100

100

11 .2
11 0

13.?
13.2
14. B

tz. (
ac e

1a a

15. ?

16.1
14 .7

no P applied
seed rou - sp

seed rou - sp

broadcast - sp

broadcast - sp

B.B
11 .2
11,2
s.?

12.D
11.2
1 0.8
I l.¿
12.7
11 .9
'11.8

1SB2

12.s
.E ñ

12,5
25.0

10.s
14.2
14 .1

11 ,2
ta. ¿
4a n

13,2
1s.6
tb. /
'15.0

15.1

total

50

100

150

100

150

Total
-Tr1

30. 5
aoa

39.0
J4. I

43. 0
37.6
40.6
40. s

45.1
43. 0
4t.b

1) Ê,

25.O
4- Êt¿.¿

25.O

tb. b
24.4
I /.5
'15. B
4a È

ulilization

aa

OE

3.6
1a c

?.1
1 0.1
10.0
14.6
12.5
11.1

100

150

204
150

2DD

B.B
12.1
12.4
12.O
12.7

17.4
18.5
4a c

2D.1
4A 4

I t.J
1-1 0

4tr É

16.3
16.3

15

s

?

13

14

10

20

15

25

11

12.5
14 .S
4a EIJ.J

tz. (

1 4.6

36.7
46.4
4s.4
44.1

46.5

13.4
1 6.3
18.5

18.0

6.2
4É nIJ.J

14.5
13.6
16.0

43. 3

45.7
49.5
48. J
c4 n

12

tb
10

t4

11

(,
o\

11 0

19.0
I (.ð

21.2

13

IJ
10

12

tt
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Portage

Yields \^/ere measured in alr four years of study at portage. An

analysis of variance, ANovA, rÀras conducted on the data. yield among

years vrere significantly different, however, all other comparisons \^rere

not significant.

Yield of wheat grorùn at Portage \¡ras significantly increased by p

ferxlJ-tzation only in l9B1 (Table B). GraÍn yields among plots treated

with annual applications of P but v¡ithout an initial large application

of broadcast P were not significantly different.

on average, yields with p banded into the soil prior to seeding

\^7ere similar to yields obtained v¡hen the P was placed Ín the seed row

and when P was applied broadcast. P broadcast in the fa1l was about as

effective in increasing yields as p broad.cast ín spring and p applied

in preplant bands in the fall r',rere about as effective in increasing

yields as P applied in preplant bands in spring.

A single large application of p was compared to annual

applications. Differences in yield, although not significantly

different, did show some trends. rn contrast to the previous sices,

broadcasting 50 kg P.ha-l in yu"r one of the study resulted in yields

equal to or slightly better than yields with four annual applications

of L2 .5 kg P . ha- 1 . yields \^/ere usuarly not increased by annual

additions, thus P in addition to the single applicatÍon of 50 kg p.ha-l

T¡ras not needed to obtaÍn maxÍmum yields.



ïable B. Effect of Time and lvlethod of
at Portage

P l4ethod & Time Annua1
initial of Annuaf P added

(t9 c.na-1 ) Applicarion (k9 p.ha-l 
)

0

B

0

CI

0

0

0

0

û

0

0

no P applied
seed rou.r - sp

seed roLr.r - sp

broadcast - sp
broadcasl - sp

broadcast - f
broadcasl - f
banded - sp
banded - sp

banded - f
banded - f

Phosphorus Application on Yield of ldheat

Total
P added

(kq p.ha-1 
)

50

50

50

50

50

25.D

25.t
12.5
25.0
12.5
25.O
12.5
25.D

0

12.5 seed-rou
25 seed-rou.l
12.5 brdcast
25 b¡dcast

0

50

100

50

100

50
'100

50

100

50

100

100

100

100

100

100

1 9?S

3038

351 1

3647

3459

3651

3474
337s
3365

31 13

3421

3052

Yield (t<q p. ha-i )

0

12.5 seed-ror¡
25 seed-loul
12.5 brdcast
25 brdcast

ABX

AB

AB

B

AB

AB

AB

AB

AB

AB

AB

1 980

1 667

1791

1 803

lr} ¡'l
,1688

I (t+J

1 9?B

1762
1 963

205S

1952

12.5
25.t
12.5
25.0

)s Duncans MultipÌe Range Test, numbers folloued
are not significantly diflerent at p = 0.05

B

B

B

B

B

B

AB

B

AB

AB

AB

50

100

150

100
'150

1 SB1

27OB D

3363 ABC

3605 ABC

31 0S CD

35?5 ABC

3212 BC

3463 ABC

336s ABC

3Ê25 ABC

331 1 ABC

3142 CD

11 E

25.O
12.5
25.0

3651

3741

31 05

3367

3531

AB

AB

AB

AB

AB

100

150

2DO

150

200

1 SB2

23BB

2593

2548
2770

2620
2661

2696

2654
2B3B

2S3B

2543

1 SB5

2073
I (44

211 4
'1636

381 4

3224

31 96

2789
3547

Yield
increase

(k9 grain
per kg P

added )

B

AB

AB

AB

AB

B

AB

AB

AB

AB

AB

AB

AB

B

AB

B

avela9e

A

AB

AB

AB

AB

2450

2815
2901

2752

2BB4

2673
2878
2197

2BB5

2932
¿ó (¿

3426 ABC

3463 ABC

3774 A

3227 ABC

3352 ABC

205s
2D?3

2428

2077

2625

AB

AB

AB

AB

A

by the same fetter

29

to
24

17

1B

17

28
1'

3S

I

3726
aEoa

3512
3468

J435

2600

25?t
2842

2662
2415

AB

ABC

ABC

ABC

ABC

AB

AB

AB

AB

AB

2516
2962
2866

2843
2749

2506

2856

24Bg

2718
3091

t¡)
@

AB

AB

AB

AB

A

37

2A

11

16

B

3025

2933

2S06

2763
31 ?s

)7

13

s
oU

14
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Broadcasting l0O kg P.ha-l i., y""r one of the study gave results

simirar to those for the 50 kg P.ha-l addition. on average, the single

large application was more effective in increasing yietds than all

annual treatments of 25 kg P.ha-l. fn contrast to the prevÍous sites,

yield was usually not increased when additional P was added. The data

also shor,¡s that the residual effects of the single large applications

may have diminished slightly by the fourth year.

Uptake of P by wheat at Portage v/as increased by P fertilízation

and usually increased with increases in the amount of P added (Table

9). Uptake of P'as affected by time and method of placement followed

the trends noted for yield. Percent utilization of added P decreased

with increases in P applied, the highest utilization occurred on plots

with the highest yield increases.



Table 9. Effect of Time and Method of Phosphorus Applications
on Upt,ake of Phosphorus at Portage

Total P uptake (k9 C.ha-1 )
P fvlethod & Time Annual

Initial of Annual P added
(t<g p.¡a-1) Application (kS p.r'u-1)

0

0

0

0

0

0

0

0

0

0

0

no P applied
seed rour - sp

seed rou; - sp

broadcast - sp

broadcast - sp

broadcast - f
b¡oadcast - f
banded - sp

banded - sp

banded - f
banded - f

P added
(t9 R.rra-1 ) 1s?s

TotaI

50

50

50

50

50

12.5
25.0
I ¿.J
25.O
1a ç

25.O
12.5
25.4

25. 0

no P applied
seed rou.r - sp

seed rou - sp

broadcast - sp

broadcast - sp

50

100

50

100

50

100

50
'100

50

100

100 no P applied
'l 00 seed rou - sp

100 seed rou-r - sp
1 00 broadcast - sp

100 broadcast - sp

10.7
12.3
1a o

4a a

4E a

12,s
14 .1

12.8
13.2
4E -

12.9

1 SB0

tro

6.8
6.8
b. I

6.7
6.8
'7t

6.S
7.6
8.0
'70

1 SB1

4a E

25.0
12.5
25. 0

ol

14 0

13.7
10.6
1 3.9
11 .2
14 .5
12.O
4a 2

I ¿.Ò
13.0

1982

50

100

150

100

150

1 0.8
14.t
14. 6

15.3
15.6
13, 4

17 .s
14 .1
'15.9

13.6
16.6

12.5
25.0
12.5
25.O

16.5
16.4
13,7
15. B

'15.4

total

36.4
45. 0

48. S

Ir5. 3

51.4
43. S

Êa a

45. I
50.0
45,4
50. 4

Tota] %

- Tr 1 utilization

'100

150

200
150

2DO

8.6
8.6
7,t
8.7
6.9

1A 4

14.8
t4. (

12 0

16.3

8.6
4a E

B.S

15.0
nÊ

'16.S

s.4
1 3.6
'13.0

14.O

12.6
42 C

Itr O

13. s

14.4

7.5
s.5

1 0.9
o,1

tt.(

14. I

15. B

1 6.3
15.6
14.4

17

13

1B

15

1s

t(
1S

14

26

14

1 5.8
15.9
16.2
15.2
4E Ê

51 .8
54. 3

52. S

53. 6

3t. t

1s.2
16.5
15.5
Itr O

18.4

15.4
17. S

16.5
1? .2
l4- t

57. 0

56. 7
Êaa

s4.0
61 .9

31

1B

11

17

10

F.
O

24.6
2D.3
,no
17.6
-É E

21

14

1D

12

13
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Carman

carman was harvested in all four years of the study, however, due

to drought and poor emergence in 1980, statistical analysis could only

be done on three years of the study. An analysis of variance, ANovA,

\^ras conducted on the data . Yields among years \,rere s ignif icantly

different, however, all other comparisons \^rere not significant.

Yierd of wheat gror,rn at carman v¡as significantly increased by p

fetxíIí-zation only Ln I9B2 (Table 10). Grain yields among plors rreared

with annual applications of P but without an initial large application

of broadcast P showed some signífÍcant differences in 1981 and ]1gB2

(statistícal analysis was not conducted in 1980 due to missing plots as

a result of drought and poor emergence). Although not statistically

signifieant, yields with P applied in the seed row at L2.5 kg p.ha-l

were always superior to yields with P broadcast in spring. yields with

P applied ax 25 kg P.ha-l were higher than yierds with p broadcarr "t
the same rate in three of the four years of study. yield increase (kg

grain per kg P added) for all years of study was 29,22, L2 and B for

seed row applied P at L2.5 and 25 and p applied broadcast at L2.5 and

25 kg P.ha-1, respectively.

Yields with P banded into the soir prior to seeding were slightly

higher than with P applied in the seed roru. These differences, hor,r'ever,

were not statistically signifÍcant.

P broadcast in the fall L1¡as more effective in increasing yields



Table 10. Effect of Time and
at Carman

P wlethod & Time Annual
Initial of Annuaf P added

(k9 P.ha-1 ) Application (kq P.ha-1 )

0

0

0

0

0

0

0

0

0

0

0

no P applied
seed rou - sp

seed row - sp

broadcast - sp

broadcast - sp

broadcast - f
broadcast - f
banded - sp

banded - sp

banded - f
banded - f

wlethod of Phosphorus Application on

Total
P

(ks

50

50

50

50

50

added

12.5
25.O
12.5
25.t
12.5
25.O
4a Êt¿.J

25.4
12.5
25.0

P.ha-l ) 1s7s ls8o

0

seed-rou -
seed rou -
broadcast
broadcast

50

100

50

100

50

100

50

100

50

100

1 ilO

100

100

100

100

2738 ABCDìT

31 9? ABC

3336 A

2363 ABCD

3033 ABCD

31 35 ABCD

3125 ABCD

31 49 ABCD

3352 A

2854 ABCD

3144 ABCD

sp

sp

-sp
-sp

Yield of ldheat

0

seed-¡or¡ -
seed rou -
broadcast
broadcast

1t c,

25.O
4a Èt1.¿

25.0

1140
1 365

1 S?0

1 17D

1162
1282
1 159

1674
2362
1 258

1 651

Yield (kq P.ha-1 )

sp

sp

-sp
-sp

*- Duncans Multiple Rqnqe Test, numbers fofl-oued by the same fetter
are not significantly different at p = 0.05

*)r statistical tests not conducLed due to missÍng plots lrom drought and poor emergence

50

100

15ti

100

1s0

1SB1 1SB2

2459
31 S3

2830

3000

2989

2?99

2843
2677

2880
2806

3026

12.5
25.O
4a Ê

25. 0

326S AB

2SB5 ABCD

2736 ABCD

2BB2 ABCD

3214 AB

C

A

AB

AB

AB

B

AB

BC

AB

B

AB

100

150

20D

150

200

3050

3087

3463

2836

301 S

321 4

3301

4010
3403

3443
3058

1420

1 420
1 20n

1374
1 688

2520 ABCD

2685 BCD

2593 CD

2554 D

2657 BCD

Yield
increase
(kg grain
per kg P

added )

B

B

AB

B

B

B

AB

A

AB

AB

AB

avera9e

2347

2711

2900

2492

2551

2608

2608

2B7B

2S9S

25S0

2720

2784

3046

31 S7

28?4

2SB1

1424
1 318

1S2B

1 s7s
1 830

B

AB

A

AB

AB

29

¿¿

12

B

¿t

10
t4¿

26

19

15

31 85

3286

3312
3225
2541
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than P broadcast ín spring. None of these differences in yield were

significantly different in any year of study.

P applied in preplant bands in the fall were less effective than p

applied in preplant bands in spring at both application rates in three

of four years. It sholrld be noted that the fall bands \^rere rnost likely

disturbed by spring tillage operations. P banded in the fall resulted

in yields that rrere approximently equal to that obtained v¡ith p

broadcast in spring when 12.5 kg p.ha-l ra" added.

A single large applicatÍon of p was compared to annual

applications, differences in yield $¡ere not significant but several

trends were evident. Broadcasting 50 kg p.ha-l ín y."t one of the study

resulted in higher yields than four annual applications of L2.5 kg

P.ha-1 applied broadcast in fall or spring. yields with a single

apprication of 50 kg P . ha- 1 , however , \.üere less than that with four

annual applications of 12.5 kg p.ha-l applied in preplant bands or in

the seed row. Awerage yields increased in three of four instances, when

annual applications of P were made to plots initially treated with 50

kg P . ha- 1 . However the yield increases r¡rere not as large as those

obtained at Purvis and Kaleida.

Broadcasting 100 kg p.ha-l in y""r one of the study gave yierds

that r¡/ere on average higher than four annual apprications of 25 kg

P.ha-l applied broadcast in fall or spring, but rower than annual

applications in preplant bands or in the seed row. on average, when

additional P was added annually in the seed row, yields were increased

over the single large addition, however additional P broadcast annually

resulted Ín lower yields. This is similar to the results at portage.
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Uptake of P by wheat at Carman was increased by P fertilizaxton and

usually increased with increases in the amount of P added (Table 11).

Uptake of P as affected by time and method of placement followed the

trends noted for yield, the highest percent utilization occurred when

the P was applied in preplant bands in spring ax r2.5 kg p.ha-1, which

corresponded to the highest yield increase at this site.



Table 1'1. Effect of Time and Method of Phosphorus Applications
on l-Jptake of Phosphorus at Carman

Total P uptake (kg e.na-1 )

Initial of Annual
(kq R.na-1 ) ApptÍcation

Method & Time Annua1

0

0

0

0

0

0

0

0

0

0

0

no P applied
seed rorrr - sp

seed rou - sp

broadcast - sp

broadcast - sp

broadcast - f
broadcast - f
banded - sp

banded - sp

banded - f
banded - f

P added
(ts n.ha-1 )

P added
(t<g p.ha-1) rszs

Total

50

50

50

50

50

12.5
25,4
4a E

25.O

25.O

12.5
25.4
12.5
25.O

no P applied
seed rour - sp

seed rou.r - sp

broadcast - sp

broadcast - sp

50

100

50

100

50

100

50

100

50

100

100

100

100

100

100

10.9
13.3
14.D
12.3
13.0
13.3
13.4
4a E

13.9
'11.8

13.6

no P applied
seed rorLl - sp

seed rou - sp

broadcast - sp
broadcast - sp

1 SB0

E/,

7.D
s.8
6.?
6.4
6.1
OE

o?

13.0
Þ. I

Êo

1 SB1

12.5
-Ê ñL¿.U

12.5
25. 0

8.6
1t"
1'1 .5
11 .8
12.6
11 .2
44 a

11 .3
1) 2

I t.¿
11.S

5u

100

150

100

150

1982

11.7
11 2

41 a

12.4
15.3
12.D
15.4
19.0
16.6
16.3
I t. t

12q

25.0
12.5
-Ëñ

Total %

total -T¡1 utifization

14.1
t4. I

13.2
12.5
15.0

36.6
45.2
48.0
42.8
47 .3
42.6
48.6
Ea4

Etr 
'

45.4
50. 1

100

150

20D

150

2to

6.S
'7 tr,

s.0
7.4
8.4

--ã. 
u

11.4
Ò.¿

10.7
6.0

15.5
10 I

oo

13.5

th c)

12.4
a1 a

4a 1
tJ. t

tJ.¿

11.3
,14 o

tJ. /

12.4
13.0

1?

11

12

11

t¿

12

31

19

1B

t4

6.6
oo

10.3
o2

'10.0

14.2
tb. i

4C Ê

I (.¿

15.5

12.D
13. B

13. B

12.1
'13.0

46.5
51.2
52.4
49. S

51.S

1?. s
17 .4
17.6
1 8.0
18.7

oo

t4. b
Itr O

IJ. J

1s. 3

51 .0
s2.4
54. S

trl tr

54. I

20
'15

11

13

10

à.
Ltt

14.4
1s. B

1 8.3
14.9
tõ. J

14

11

I
10

s
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Summary

rn Table L2, the averages from arl sites and years of study were

used to compare the time and method of phosphorus fertilizer

application. For purposes of comparison, the yield with p applied ín
the seed ro\¡/ \.vas assigned a relative value of 100. At the L2.5 kg p.ha-

1 application rate, yield with deep danded P was superÍor to those with

broadcast P applications and to seed row application. p broadcast in
the farl \¡ras more effective than p broadcast in the spring in
increasing yields. rn contrast, banded applÍcatíon of p in the fall was

not as effective as deep banding apprication in spring. At the 25 kg

P.ha-1 application rate, yierd with deep banded p was superior to those

wÍth broadcast applications and to seed row applÍcation. p broadcast in
the fall vlas less effective in increasing yields than p broadcast in
the spring. Similarly, P banded in the fall was less effective than p

deep banded in the spring. For boLh rates of application, deepbanding

Ín the spring was the most effective method of Íncreasing yíelds, seed

row application was always the next most effectiwe. rn this study, the

P bands placed in the falr were disturbed by spring tillage operations.

This would reduce the plant availability of the p deep banded in the

faIl, giving it an intermediate degree of fert.íLizer and soÍl mixing

compared to broadcast and banded applícation.
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Table 12. Effect of
of lLJheat

tYlethod and Time

of Application

Time and tYlethod of Phosphorus Application on Yiel-d
(data are means of all sites and years of study)

Rat e

per year
(ke.ha-1 )

YieId
(ke.ha-1 )

YieId
Increase

(kq.n¿-1 ¡

* Rel-ative
Value of
Increase

noP
seed rou
broadcast (sprinq)
broadcast (farr)
banded (sprinq)
banded (fall)
Broadcast (initial )

(so t<g p.r'u-1 
)

0

12.5
12.5

4a E

12.5
0

2403

2952
2768
2850

31 00

2574

28?4

0
'100

66

B1

127

1A4
OEUJ

0

549

36s

447

697

571

465

seed rou 25

broadcast (spring) 25

broadcast (faII) 25

banded (spring) 25

banded (rarf) 25

Broadcast (initial ) 0

(1oo kg p. r'u-1 )

)t Rel-ative Value, seed ¡or¡ set to

30s0 647

3001 5SB

2353 550

3174 771

2910 507

300? 604

1 00 at each rate

100

92

B5

11S
ao

n2JJ



Fal1 deep baned application

applications at L2.5 kg p.ha-1

P.ha-l the reverse \,/as true.

4B

gave a lower yÍeld than broadcast

but when more P was applied at 25 kg

A single large application of phosphorus, with the Ídea of

eliminating annual applicatíon, qras compared to annual applications

(Table L2). Each treatment was cropped. four times to wheat (except in

1980 when only Carman and Portage were harvested) and after four years

the same quantity of phosphorus lÀras added to each treatment. The

information obtained showed that, for a 50 kg p.ha-1 addition, a single

large applÍcation rvas less effective than annual seed row applÍcations

but superior to annual broadcast applications in increasing yields. Tt

was found that the single large application of 50 kg p.ha-l resulted in
good yield increases in the first few years of study whereas the annual

application of small amounts of broadcast phosphorus (12.5 kg p.t,"-1)

usually did not give large increases in any year. Yields r^¡ith a single

large application of 100 kg P.ha-1 *"r" similar to annual- applications

of 25 kg P.ha-l added in the seed row or broadcast. In this instance,

due to the large amount of phosphorus added, the plants obtained

sufficient phosphorus regardless of Èhe method of placement.

A response to annual applications of phosphorus (broadcast or seed

row) was usually obtained on plots initiatly treated with 50 or 100 kg

P'ha-l ¡t"blu 13). Phosphorus applÍed in the seed row was usually more
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Tab1e 13. Elfect of Annual Applications of Phosphorus on Yield of
Uheat Gror¡n on Plots Treated lLJith a Single Large
Application of Phosphorus ( data are means of all sites
and years of study )

PP
initial annual-
(re.na-1 ) (ke.ha-1 )

Yield
(ks.ha-1 )

Yield
Inc¡ease
(ke.ha-1 )

50

50

50

50

50

100

100

100

100

100

0

12.5 seed rou
25 seed rotrr

12.5 broadcast
25 broadcast
0

12.5 seed rour

25 seed roul

1 2.5 broadcast
25 broadcast

2871

3050

3048

2S61

3048

300?

31 45

311 4

2584
30BS

175
174

s0

t((

:::tJ5

107

-23
82
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effectiwe in enhancing yields on these plots than phosphorus applied

broadcast.
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B. RelationshÍp between SoÍ1 Extractable Phosphorus and Time and

Method of Application of Phosphorus

Inlater extract.able P and NaHCO3 extractable P were determined on

soil samples obtained in the fall for all sites and treatments. Samples

from the various replicates \¡rere bulked for each treatment prior to

analysis and thus a statist.ical evaluation of the data could not be

conducted.

NaHCO3-ext. P values obtained for the control and plots treated

v¡Íth an annual applÍcation of 12.5 kg p.ha-l 
"t. shown in figures 1 to

4. Ext. P values \ÀÌere relatively constant with time except at Carman

where ext. P values increased with tirne particularly in the first year

of the study. The NaHCO3-ext. P content of the treated plots r{ere

greater than for untreated plots for all sites during years 3 and 4 of

the study. This suggests rhat application of L2.5 kg p.ha-1 ooæ

suffícient to maintain the original available P status of these soils.

Differences in ext. P values as affected by time and method of

application were very small.

NaHCO3-ext. P values obtained for the control and plots treated

with an annual applícation of 25 kg p.ha-l 
"t" shorvn in figures 5 to g.

Ext. P values increased during the first year but \ùere relatively

constant thereafter. These values were higher than those at the lower
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rate of P applied and sufficient for maintenance of soil available P at

moderate levels. The differences among times and methods of application

v/ere not Large and were not consistent from plot to p1ot.

NaHCO3-ext. P values for the plots treated with an initial

application of 50 kg P.ha-1 and values for plots treated with the

initial application of 50 kg P.ha-1 plus annual applications are shown

in figures 9 to L2. ApplÍcation of 50 kg p.ha-l Ír, y.*r one of rhe

study increased ext. P values above that of nontreated soils ax aII

sites and years of study with tv/o exceptÍons, portage in I9B2 and

Carman in 1980. Annual applications of P increased ext. P above that of

the untreated plots and the 50 kg P.ha-l at arl sites and years. rn

general , ext. P was higher r/iith 25 kg P.ha-l than with 12.5 kg p.ha-l

added annually. The method of P applícation did not affect the value of

NaHCO3-ext. P. Ext. P levels were maintained at moderately high levels

for all sites when P was added annually in addiLion to the initial

application of 50 kg P.ha-1.

NaHCo3-ext. P values for the plots treated with an initial

applícation of 100 kg P.ha-l and ext. P values for plots treated ¡,/ith

the initÍal application of 100 kg P.ha-1 plus annual- applications are

shown in figures 13 to 16. Application of 100 kg p.ha-l in y""r one of

the study increased ext. P above that of the nontreated plots ín arl
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years of study and at alL sites. NaHCO3-ext. P declined with time,

thus, Lhe increases in NaHCO3 ext. P was greatest during the first two

to three years after application. The decline in ext. P with time was

at a rate greater than was shown for the 50 kg P.ha-l itriti"l addition.

The rate of decline $/as greatest at Kaleida, which had the highest

initial level of ext. P, and least at Carman. Annual applications of P

increased ext. P above that of the untreated plots and the f00 kg

P.ha-l single addition at all sites for the last three of the study. In

general , ext. P \rras higher with 25 than with L2.5 kg P.ha-l added

annually. The method of P application did not consistently affect the

value of NaHCO3-ext. P. Ext. P levels v/ere maintained at moderately

high levels for all sites when P was added annually in addition to the

initial application of 100 kg P.ha-1.

The water ext. P contents of the soils as affected by the various

phosphorus fertilizer applications followed the trends noted for

NaHCO3-ext. P and thus the data was not included. rt vras noted,

however, that \,/ater extracted about one-hal-f as much P as NaHCOj.
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C. Relationship Between Extractable Phosphorus and yield

The amount of HZO and NaHCO3 extractable phosphorus, in the

varíous soil samples, was plotted versus yíeld for the 0, 50 and 100 kg

P.ha-l additions (where there 'ç^/as no applied p in the spring). There

was, hor,Jever, no clear relationship (plots not shown).

NaHCo3-ext. P and H2O-ext. P values \^rere plotted verus ? yield for

the plots initialty treared wirh 50 and 100 kg p.ha-l and for rhe

control plot (Figure 17). Percent yield values were calculated for each

sÍte and year of study, using the following yield ratios multiplied. by

100: Tr/T3, TLL/TL4 and Tr7/T19. Trearmenrs l, L2 and Lj represenr

plots initially treated l,¡ith 0, 50 and 100 kg p.ha-l. Treatments 3, L4

and 19 represent the same plots but with an annual applicatÍon of 25 kg

P . ha- I applied with the seed at time of seeding. These plots \¡/ere

constructed to evaluate soil-ext. P levels at which additional P has to

be added Lo obtain maximum yields.

The relationships between ext. p and ? yield were generally weak

(r value of .375 for ? yield versus NaHCO3). Despite rhe weak

relaLÍonship several observations are evident. i^Iheat, in three of seven

observations, responded rverr to P applied in the seed ro\¡r even ax

NaHCo3-ext. P levels of 40 to 45 ppm. This is in contrast to the work

of spratt and Read (1980) who suggested that seed row p needed to be

applied to soils previously treated with a large amount of P only when

NaHCO3-ext. P levels decreased to a value of about 15 ppm.
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The relationship between H2O-ext. P and

Generally r^rater extracted about half as much

NaHCO3.

z

P

yield was also r^/eak.

from the soil as did

The results of this study generally indicate that the present soil

test recommendations for phosphorus application are reasonably sound.

Present soil test guidelines suggest relatively Large arnounts of p (up

to 22 kg P.ha-l for cereals) be added to soÍls testing very low and

suggest that about 5 kg P.ha-1 be added to cereals even at very high

levels of NaHCO3-ext. P. This study confirmed the relatively high

requÍrement for f.erxíLizer P on soils testing wery low in NaHCO3-ext. p

and the need for I'starter P" for maximum yield on soils testing high in

NaHCO3-ext. P.
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D. Laboratory Studies - Hydrolysis of DCPD as Affecred by pH,

Temperature and Calcium Concentration

An experiment r^ras conducted to determine the rate of change of

dicalcium phosphate dihydrate (DCPD) to less soluble reaction products

such as octacalcium phosphate (ocP) as a function of the effects of pH,

temperature and calcium concentratÍon. X-ray diffraction analysis was

used to identify the phosphorus reaction products. since only DCPD

and/ot OCP was detected by X-ray diffraction analysis, the amounts of

calcium and phosphorus in the samples was used to calculate the

percentage of each phosphate present.

The resul-ts of the X-ray diffraction analysis is shown in table

15. DCPD and OCP urere the only solid phases identified by X-ray

diffraction analysÍs. OCP was detected in samples incubated at 20 and

30 C after 4 months of incubation, whereas OCP was detected in samples

incubated at 10 C only after 10 months of incubation. The hydrolysis of

DCPD was slow at 10 C and increased as the temperature increased to 20

or 30 C. OCP was not detected in samples incubated at pH 6, whereas OCP

was detected in samples incubated at pH 7 and B, indicating that there

vTas little or no hydrotysÍs of DCPD to ocp at pH of 6. calcium

concentration also affected hydrolysis of DCPD to OCP. OCP was detected

in samples incubated in solutions of 0.01 M Ca after 2 months, whereas

in 0.001 and 0.0001 M calcium concentratíons OCP ï¡as detected only

after 4 months of íncubation.
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Table 14. Eflect of pH, Temperature and Calcium Concentration
on hydrofysis of DCPD

Time of Incubation

1mo Zmo 4mo 10mo l8mo 24no
Temp.1

,1 O DCPD DCPD DCPD DDPD, OCP DCPD, OCP DCPD, OCP

20 DCPD DCpD DCPD,0Cp oCP OCP OCp

30 DCPD DCPD OCP OCP OCP OCP

pH2

6 DCPD DCPD DCPD DCPD DCPD DCPD

7 DCPD DCpD DCpD,O.Cp OCP ocp ocp

8 DDPD DCPD OCP OCP OCP ÛCP

fn^l z
LUdl J

o.o1 DCpD DCPD,OCp OCP ocp oCP OCp

0.001 DCPD DCPD DCPD,0Dp OCp OCP OCP

0.0001 DCPD DCPD DCpD,OCp OCp oCP ûCP

1 . Effects of temperature studied uith pH maintained aL 7.O

and at a calcium concentration of 0.001 wl

2. Effects of ph studied uith temperature maintained aL 2O C

and at a calcium concentration of 0.001 H

3. Effect,s of calcium concentration studied uith pH maintained
aL 7.O and at a temperature of 20 C
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DCPD v¡as not detected in several of the samples. ThÍs Índicates

that in several of the samples DCPD hydrolysed completely to OCP. DCPD

\^ras not present in samples incubated at temperatures of 20 and 30 C

after 10 months and 4 months, respectively. DCPD rtras present for a

period of 24 months for samples incubated at a temperature of 10 C.

DCPD was detected ax 24 months at a pH of 6 but was not detected after

4 and 2 months for a pH of 7 and B, respectively. DCPD \¡Ías not

detected in solutions of calcium concentrations of 0.0001 M and 0.001 M

after 4 months of incubation and \¡¡as not detected when the calcium

concentration was 0.01 M after only 2 months of incubatíon.

An indirect analysis was used to calculate the percent OCP in the

reactíon products. Since the calcium content in DCPD is 23.52 and the

calcium content in oCP is 32.02, the percent OCP can be interpolated

from the calcium content of the sample (Table 16). The rate of

hydrolysis increased with increases in pH, temperature and calcíum

concentration. The rate of hydrolysis as measured by the percent OCP in

the sample was negligible at a pH of 6 whereas the rate of hydrorysis

llzas similar at pH's of 7 and 8, with the formation of ocp complete at

about 10 months. The rate of hydrolysis of the sample íncubated at 10 C

\{as slorv wich the formation of ocP not complete after 24 months.

However, at temperatures of 20 and 30 c, the formation of ocp was

complete by 10 to 18 months. The samples incubated at calcium

concentrations of 0.001 M and 0.0001 M hydrolysed more slowly than the

sample incubated at a calcium concentration of 0.01 M. fn many

instances the calcium concentrations were higher than that for pure OCp
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Tabte 15. Hydrolysis of DCPD Expressed as É 0CP

Time of Incubation

Temp.

10

2D

30

PH2

6

I

0

0

6

2mo

12

53

1B

4mo 10mo lBmo 24no

12 71 49 85

65 97 113 112

88 82 105 119

lcal:
0. 01

0. 001

0.0001

126
113 112

121 82

131 134
113 112

105 1 1S

12

0

0

1B

0

0

36

53

tö

0

65

?1

100
ctrUJ

4t

tt
97

107

113

97

11s

0

53

1.

)

2

Effects of temperature studied uith pH maintained af' ?.0
and at a calcium concentration of 0.001 M

Effects of ph studied uith temperature maintained aL 2O C

and at a calcium concent¡ation of 0.Û01 Ívl

Ltfects oT calcrum concentration studied rL.rith pH maintained
at 7.0 and at a temperature of 20 C
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(walues in excess of 100%). It Ís

OCP rvas present. For example , it Í-s

a compound such as HA. It should

detected by X-ray diffraction.

possible that a product other than

possible that OCP was hydrolysed to

be noted, however, that iIA v/as not

The Ca/P ratÍos for the various samples \¡/ere calculated and are

shown in figure 18 . T]ne ca/P ratio for DCPD is l. 30 and x]ne ca/p ratio

for OCP is 1.69. An íncrease ín tine Ca/P ratio

represents a change from DCPD to ocP and the rate of change of the

ratio represents the rate of hydrolysís of DCPD to ocP. Rates of

hydrolysis r¡/ere relatively rapid during the first few months of

incubation except for the system held at a pH of 6 and for the system

íncubated at 10 c. Rates of hydrolysis at 20 and 30 c were much more

rapid than at 10 c. Rate of hydrolysis \À/as also a function of pH, the

rate of hydrolysis at pH 7 and I were similar and much greater than at

a pH of 6. Calcium concentration had minor effects on rates of

hydrolysis , the hydrolysis rate at a calcium concentration of 0.01 M

tended to be greater than at the lower calcium concentrations.

The results of this experiment generally indieate that DCPD, the

initial reaction product of water soluble phosphate fertilizers ín base

saturated soils, will hydrolyze ax a greater rate in soíls of high pH,

high calcÍum concentration and at higher temperatures. DCPD is more

water soluble than OCP and thus is a better source of plant available P

than OCP. Since the residual effect of P fertilizer is a function of

the solubility of the solid phase present in the soi1, resídual p

effects would be more pronounced and last for a longer períod of time

in soils of lower pH and lorver calcium concentration than Ín soils of



70

ô) Effect of
[co] - o-ootM teñF, -

b) Effect of Ternperotu¡re
[co] - o.oo1M pH - 7

!loc
lzo c
o30c

pH
20c

o
E
L

q
o

2.O

t.g

t.a

1-7

1.€t

l.Et

t-4

1.5

1.2

1.1

1.O

2.O

r.Ê

1.e

1.7

1-e'

f.5

1.4

t.5

1.2

f .1

r.O

o

Figure 18.

€¡

c) ãffect
pt{-7

o
Ë
À

oô

12 lct 20
Tlm€

of colcíurn
têñÞ - 20 C

2.O

t.e

f .e¡

1-7

€ r-6
P

o- t -g

3 r-'4

f-:'

1.2

1.1

r.o

tr Ca = 0.0001M
I c" = o.oolr'.1
O Ca = 0.011'1

4 A t2 16 20

Tlñ@

The hydrolysis of DCPD, measurcd by the Ca/P
ratio, as affected by pl{, temperaLure and
cal c iurn conc en ù ra t ion

L_l pH b

#pH7
OpHB



7L

higher pH and higher soil solution calcium concentration.

An experiment \,/as conducted to study the rate of change of DCPD in

soils as affected by soil properties such as pH and CaC03 content. fn

this experiment 1 g of DCPD \,¿as placed between two layers of soil.

Twelve soils varying in pH, texture and percent carbonate v¡ere

incubated at temperatures of 0, 10, 20 and 30 C for up to 30 months.

Hydrolysis of DCPD to OCP \¡ras detected in only one soil , Balmoral ,

incubated at 20 C for 30 months. The presence of OCP ¡vas confirmed by

both chemical and X-ray diffraction analysis. Hydrolysis of DCPD to OCP

was not detected in other samples. The reasons for the lack of change

in the reaction products Ís unknown at this time.

The differences in rate of hydrolysis noted for the solution and

soil studies may be a result of the experimental teehniques used. fn

the solution studies, the solutions were replaced regularly. Thus, the

P v¡hich dissolved ¡uas continually being removed, creating a very large

sink for the dissolutíon of P from the reaction products. In contrast,

in the studies using soil, the sink for dissolution was confined to the

layers of soil immediatly adjacenL to the reaction product. Saturation

of this soil with P wourd occur, and, since the P was not removed, the

sÍnk for dissolved P would be small. Thís may have reduced hydrolysis

Tates as compared to those obtained for the solution studies.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Field plots were initiated to study the effect of time and method

of phosphorus fertíLt-zer application on yÍeld of wheat at four Manitoba

sites over four years. Yields with deep banded phosphorus ,phosphorus

banded at about 7 to 10 cm soil depth and in 17.5 cm spacings prior to

seeding, rrere superior to those of with seed application. With seed

application v¡as superior to broadcast applications. Phosphorus

broadcast in the fall was as effective in increasing yields as

phosphorus broadcast in the spring. In contrast, deep banded

applications of phosphorus in the fall were not as effective as spring

deep banded operations. The data generally indicated that the most

effective method of applying P fertíIízer \^/as to place the P in narrow

preplant bands Ín spring or place the P with the seed at time of

seeding.

A single addition of 50 kg P.ha-l r"" less effective than annual

seed row applicat.ion but superior to annual broadcast application, with

an equivalent amount of P, ín increasing yields over the four years of

the study. Yields with a single large addirion of 100 kg P.ha-l *"tu

símilar to annuar applicatÍons of 25 kg P.ha-l added in the seed row or

broadcast. single large applÍcations of P supplemented by annuar

applications did not increase yietds above that obtained with only
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annual applications \,rith the seed at relatively high rates, that is,

near maximum yields could be obtained with annual seed ro\,r

applications. However, a response to annual applications of phosphorus

was obtained on plots initially treated with a single large addition of

phosphorus on t\^/o of the experimental sites.

The amount of H2O and NaHCO3 extractable phosphorus rras plotted

versus 3 yield. Although the relationships r¡rere poor , the data

indÍcated that a response to applied phosphorus could occur even on

soils previously treated with relaLively Large amounts of P and which

have high values of NaHCO3-ext. P.

A laboratory experiment vras conducted to observe the rate of

hydrolysis of DCPD to less soluble reaction products such as OCP. One g

of DCPD was enclosed in i.rlhatman filter paper and incubated in flasks

containing solutions of varying concentrations of calcium (0.01 ¡4,

0.001 M, 0.0001 M) and maintaÍned at various pH values (pH 6, pH 7, pH

B). The samples v/ere incubated at temperatures of 10, 20 and 30 C for a

period of up xo 24 months. Rates of hydrolysis Íncreased with increases

in temperature, pH and calcium concentration. These results indicate

that DCPD v¡ould hydrolyse aX a greater rate in soils of high pH, hÍgh

calcium concentration and at higher temperatures. Residual P effects

would be less pronounced and last for a shorter period of time in soils

of higher pH and higher calcíum concentrations.

An experÍment \üas also conducted using 12 soils to study the rate

of hydrolysis of DCPD as affected by soil pH, temperature and carbonate

content. Hydrolysis of DCPD to OCP was detected ín in one soil

incubated at 2O C for 30 months. This soi] had a high pH and contained
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10.6 ?CO3. No change i./as detected in the other samples.
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Appendix A. Analysis of Variance, ANOVA :l l? Ievel
rk)k 5 ? level

1. Purvis ns not significant
a) comparison among years and treatment

dfF
a/êârq 2 3L,,lJ ':t>tc

treatment 20 8.29 **
error 40

b) comparison between rates of L2.5 and 25 kg P.ha-l at 0, 50 and 100
1kg P.ha-r

c) comparison anong methods of application at 0, 50 and 100 kg P.ha-1

df
01

s0 I
100 I
error 1+0

df
04

50 1
100 1
error 40

df
01

50 1
100 1

error 40

F
15 .23 ';r'k

ô f O -LL.to .'

ns

F
2.64 *

NS
NS

F
NS

NS

ns

F
3 .44 *)c

ns
4 .82 1:r

2. Kaleida
a) comparison among years and treat:rent

dfF
years 2 83.00 **-
treatment 20 l.l$ :k:k

error 40

b) comparison betlreen rates of I2.5 and 25 kg P.ha-l at 0, 50 and 100
kg P.ha-r

c) comparison atnong methocls of applicatÍon at 0, 50 and 100 kg P.ha-l

df
04

s0 1
100 I
exroÍ 40
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3. Portage
a) comparison

years
treatment
etTor

b) comparison
kg P.ha-r

0
50

100
error

c) comparison

0
50

100
error

4. Carman
a) comparison

yeafs
treatment
errot

b) comparison
kg P.ha-r

0
50

100
ETTOT

c) comparison

0
50

100
error

among years and

df
2

20
40

between rates of

df
1
I
I

40

among methods of

df
4
I
1

40

among years and

df
2

20
40

between rates of

df
1
I
1

40

among methods of

df
4
1
1

40

treatment

F
ÇQ. QQ *-:t

ns

L2.5 and 25 kg

F
ns
ns

application at 0,

F
NS

ns
ns

treatment

F
fl.ÇQ :r*

NS

L2.5 and 25

F
NS

ns

P.ha-l at O, 50 and 100

50 and 100 kg P.ha-l

kg P.ha-1 at 0, 50 and 100

-1application

F
ns
NS

NS

at 0, 50 and 100 kg P.ha
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