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ABSTRACT 

Growth chamber experiments were conducted h m  1992 to 1994 on a caicsreous 

siity clay loam soil w 7 . 9 )  low in IeveIs of available phosphonis. A number of dinèrent 

band geometrïes were assessed for their efièct on the &ciency ofP utiüzaton h m  

appiied monoamodum phosphate w). Ammonium and magraesium dfhtes, urea, 

and organic amendments @gmsulfonates) were also iacorporated into P fertiliter bands to 

study their effect on uptake of appIied P by plants. The MAP was labeiled with the 

radioisotope 9 in order to determine utilization of fertüuer P SpeQscaIiy- Dry matter 

yields and total P uptake were also rneasuced. 

Initial studies with wheat and canola as test crops, involved féralizer appiied in 

solution or powdered form with band geometries ranghg âom points of application 

spaced 5 cm apart to contùnious bands 2.5 cm in width. The form of fertilizer applied had 

no effect on observed trends. The canola was very efficient at utilinng applied P, with no 

apparent benefit nom increased area of application or duai banding with N. However, 

fertilizer P uptake by wheat increased slightly with area ofappiication. hial banding the P 

fertilizer with N or MgSO, stimulateci P uptake by wheat. Ammonium sulfate was most 

effective in increasing P utkation. Urea initially slowed uptake, but inaeased P 

utilization at later stages of plant growth. Incorporating calcium-, hydrogen- and 

ammonium-saturated forms oflignosulfonate hto MAP bands was in&&e in enhanhg 

yield or P uptake by wheat. 

Studies were also conducted using veiy wide band widtbs, similar to those 



encountered in the field when ushg air seeders utiliziug openas desi@ to give wide 

spread pettem. LabeUed MAP was randomly applieâ in powdend form to s e v d  points 

within the baads, to simulase gramilar app1ications. Ammonium sulphate was duai banded 

with the MAP granules @iaced in direct contact) or randomiy scattered within the band. 

Fermizer P uptake decüned slightly as band width inaeased h m  2.5 to 15 cm, particularly 

at eariier growth stages. Dual bandiiig with ammonium sulphate improvd P fertüizer 

utihtion and yield. Application ofthe nitrogai fértüiÿer in direct contact with the MAP 

(ie. applied to the same points) was more beneficial thau s c a t t d  mdomly within the 

band, particuIariy for the widest band width. Subsequent studies on rates of MAP at 

various band widths showed similar trends at double the rate of P application, 
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1. INTRODUC'I?ON 

Fectiiizer use efBciency or the proportion of faiiluer utiliz+d by the crop in the 

year of application varies with h o r s  such as mil type (nutrient content), crop type, 

fermizer placement and emiroament Increases in eflJciency off- use result in 

greater yield benefit per unit of fertilizer and thus reduœ costs ofproduction and use of a 

finite resource. Early work (Spinks and Barber 1948) indicated that use efficiency of P 

fermizers was quite iow, and averaged about 22% for wheat. As a resuit, much research 

was undertaken with the aim of improving the uîilization of appLied f* phosphorus. 

Despite the many studies conducted, a recent review hm iodicated P fértilizei efliciency is 

still approxhately 20% for prairie crops in the year of application (Doyle and CoweU 

1993). Benefits resulting fiom residual P would increase fértilizer use efficiency 

somewhat, but clearly there is st i l l  considerable opportunity for improvernent in P fermizer 

use efficiency. Two factors which can have a considerable impact on availability and 

utilkation of added P are the geornetry of the fertilizer band and the chemicai environment 

within the band. 

Band geometry is a term used to descrii both the location of the féailizer band 

relative to the seed row and the distn'bution ofthe P source within the band. The distance 

between the applied P band and the seed row a@ects uptake by the plant in two ways. (1) 

Increases in the distance between the seed row and the fertilizer baud increase the t h e  

required for initial contact between the root and the fertilizer, since the plant roots must 

I 



grow to the firtilizer band. The time that P is supplied to plants can be an important factor 

influencing piaot growth (Sutton et aL 1983). (2) Increases in the dhstance between the 

se& row and the f- band also reduce the probabiiay of ocamance of f~~f-f tdker  

contact (Sleight et aL 1984). Root-fertilizer contact is an important Wor inniencing the 

utilkation of applied P due to the relative immobility of P in the soi1 (rungL and Barber 

1974; Stryker et al. 1974; ScheriL and Barbet 1979). Phosphorus movement h m  the 

point of  application is d y  very limited (Lawton and Vomicil 1954; Sharpley 1986). 

Distribution of applied P within the fertilizer band can also affect the &ciency of 

applied P (Sleight et al. 1984; Eghball and Sander 1987; Eghball and Sander 1989; Sander 

and Eghbd 1988). Much of the fertilizer P research has involved the use of granular P 

fertiluers with granule sizes in excess of 15 mg which results in wide grande spachg 

within fertüizer bands of low to moderate application rates. Use of conventional liquid 

appiication equipment results in s d a r  patterns of wide droplet spacing, aud hence uptake 

of P, due to large droplet sizes (Eghball and Sander 1987). Decreasing grande size can 

improve P fertiiizer uptake in wheat (Sander and Eghbaü 1988), due to the resulting 

increase in continuity of the fertilizer zone. This bcreases the ne<iuency of root-fkrtikzer 

contact due to greater surface area of fertilizer P affecteci soil (Eghbail and Sander 1989). 

Modin/ùig the chernical envimunent in the fertüizer band also influences femüM 

use efficiency. Adding salts without a cornmon ion, such as potassium chloride or 

magnesiun sulnite, to phosphate fertilizer can enhance solubility of P reaction products 

due to iooic strength e&cts (Starostka and HüI 1954; Boddin and Sarnple 1958). Adding 

nitrogen fertilizer with phosphate fertilizers (dual banding) has been s h o w  to greatiy 



enhance solubüity of P in the firmizer band (Starosth and HiI11954; Bouldia a d  Sample 

1958; Beever 1987; Flaten 1989). Addiag ammonium nitmgen a h  &ces P m e  

due to 0 t h  &kcts such as enhancd mot growth (Müier and Ohirogge 1958; Miller and 

Vij 1962; Milier 1965), enhanced rwt absorptive c a p e  (Miller 1965; Leonce and m e r  

1966; Thien and McFee 1970), and aiteration of the mot rhiEosphere orgrimsms (Asea et 

al. 1988). 

The previously descnied findings indicated the potentiai to utüue recent 

knowledge obtaïned nom shidies involving mdcation of the chemical environment and 

geomeûy of the fertilizer band to maxhhe fertilizer P use &ciency. Studies were 

therefore wnducted utilizing monoammormUn phosphate (MAP) labelleci with the 

radioisotope 9 to: 

(1) assess the efficïeacy o f  fertilizer P when applied as either a solution or powder form in 

a variety of band geometnes. 

(2) assess the efféct of chernid modincations to the band including various fertüizer 

sources and organic amendments. 

(3) to determine if any partidar combination of band geometry and chemical amenciments 

was most effeaive in improvirig P fertilizer use efficiency. 



2.1 Phat Uptake of Phosphorus and 1' F ~ c t i o n  in the Phnt 

Green plants are unique in their ability to comnrt radiant energy, through the 

process ofphotosynthesis, into chemid energy. A key step in this process is the 

phosphorylation of adenosine diphosphate (ADP) to adenoshe triphosphate (ATP), which 

is driven by electron flow down the electron transport CM Phosphate pesforms its moa 

fùndamentai role in bio-energetics in the transduction of proton motive force to form ATP 

(Glass et al. 1980). Phosphorus is essential since ATP is the source of energy for 

pract idy ail energy requiring biological processes or rnetabolic reactiom. In addition, 

phosphate is aiso a structurai component of a wide variety of biochemicais including 

nucleic acids, coenzymes, phosphoproteins, and phosphoiipids which are an essential part 

of cell membranes (Glass et al. 1980). Proper P nutrition is of great importance in aops 

grown for seed production because P content ofthe seed represents approximately 70 to 

80% of the total P in the above ground growth for most crops (Doyle and Coweli 1993). 

Despite the centrai rnetabolic role of P in the plant, more than hslf of the total P is 

present as inorgaDic phosphate under aii but conditions ofP ddciency (Bieleski 1976). 

Inorganic P can accumulate in the vacuole in tesponse to improved P status (Bieleski 

1973; Chisholm et ai. 198 1). This process, known as " I d o u s  uptake" (Bieleski 1973), 

is probably an ecological adaptation to survive h e m  pulses of P adabiiity. Wheat and 

4 



other smail grains take up P rapidly during eerly growth stages (Ciarke et al. 1990). P is 

stored in roots, stems and leaves and transiocated to grain at heading. Uptake ofsoil P by 

wheat begins to increase when the piant maches 2 w& of age and then becornes 

increasingiy more important util it dominlites by herrding whüe fertilim P uptake greatly 

exceeds soi1 P uptake for the first 4 weeks of growth, reachhg a maximum rate at 2 - 6 

weeks ofage (Spinks and Barber 1948). Dion et ai. (1949b) suggested that eady 

availability and uptake offertüizer P may be important due to d y  developmeat offIower 

primordia at the 46 weeli stage which dictates maximum number offiowers in the spike. 

This agrees with Campbell et al. (1993) who found uptake of P to be most criticai withui 4 

- 6 weeks after d g ,  as reported in Doyle and Cowell(1993). P uptake later in the 

season appears to have less e f f i  on yield (Boatwright and Haas 1961; Sutton et al. 

1983). 

P is absorbed by plants as prllnary or secondary orthophosphate ions (&PO; and 

HPO?) which exist transiently in the soi1 solution and are ceplenished nom exchangeable 

and labile f o m  of mil P (Barber 1980). HPO, is the major form presezit at pH less than 

7.2 while HPOt- dominates at soü soIution pH greater than 7.2. Removal of these 

phosphate ions from the soil solution near the roots disturbs the equüi%rium between P in 

solution and P presm in the soil as solid phases, and phosphate ions fiom the solid phase 

replenish the soi1 solution (Sheppard and Racz 1980). The fktors affecting the rate of 

replenishment, and henœ uptake of P, include minexalkation and immobüization rates, rate 

o f P  transport, adsorption and desorption rates and changes in solubility of P minerals or 

precipitated P (Sheppard and Rau 1980). Major mechanimm of movement of solution P 



to plant roots ùiclude diffusion and mass flow mechanisms (Barba 1980; Sheppsrd and 

Racz 1980). Proportion of P suppliai by these processes is dependent on size of the mot 

system, degree of vesicular-arbusculaf myoorrhizal infkction (Kucey and Peul 1980), P and 

water absorption chsuacteristics of the mot, and levels oflabile and solution P within the 

rhizosphere soi1 ( M d  and Bole 1980). Rwt hair de* and phosphatase actMty are 

dso imporknt Wors affecting P supply to plants (Bole 1973). Plant specîes can have a 

signincant impact on P uptake levels, particulariy through th& in8uence on root 

adsorptive capacities and abüÏty to proliferate in micro-regions ofbigh P concentration 

similar to those found near points offertiluer P application (Strong and Soper 1974a,b; 

Sheppard and Racz 1980). 

The abïiity offertüizer P applications to improve yields ofwhest by increasing P 

uptake was clearly established during the iate 1920's through the 1940's (Mitchell 1946; 

Spinks and Barber 1948; Dion et al. 1949a,b). Since that tirne work with other aops has 

show that whüe they may Mer in their efficiency ofutilkg applied P, most crops d 

bene& fkom fertiljzer P when grown under P deficient conditions (Strong and Soper 

1974qb). It is important to note that these increases may not be achieved ifotha 

nutrients are not supplied in ade~uate amounts. P nutrition of crops is often improved by 

increases in the supply of other nutrias (Sheppard and Racz 1980). Zinc d&ciencies 

resulting fiom high rates of P application have been noted (Singh et al. 1986; Bailey et al. 

1980), and copper has also been shown to decrease with P appiication (Spratt and Srnid 

1978). However, when other mors are not limituig it is the fom and availiiility of the 

appiied P fe&er and its reaction produas in the soi1 which will be most important in - 



determining yield increases The folowing disaission t m m m r k s  the transfoTm8fions 

which can occur foilowing the addition off- P to the soü. 

2.2.1 DissoIution of Fertiiizer Phosphate 

MonoammomUm phosphate, diammonium phosphate and ammoniwa 

polyphosphate f e r s  are commonly used in crop produdion on the Canadian prairies 

with granuiar monoammonium phosphate king the predomlliant form used (Roberts and 

Green 1994; Peaney 1996). These fertilizer sources are highly water soluble (Engelstad 

and Terman 1980) and dissolve f&ly rapidly wen under conditions of low soü moisture 

(Lawton and Vomicil 1954). 

The rapid dissolution occurs because application of fértilizer P to soil results in an 

osmotic gradient between the soil and fertiluer and thus the movement ofwater into the P 

fertilizer zone by vapour or capülary transport. This causes a subsequent movement of the 

resuiting concentratecf fertüizer solution from the site of application into the surrounding 

soi1 by capillary flow until fixation or dilution causes the gradient to ceme (Sample et al. 

1980). When the fertüizer P is applied as a solution no dissolution step is required. The 

amount of outward rnovement depends on the strength of the osmotic gradient- The 

chernical environment during dissolution is dominated by the properties of the fertilizer 

solution which dictates properties such as pH, P concentration and accompanying cation 

concentratioo- The soil matrix has little influence on these d o n s ,  and acts d y  as a 

source of water and a sink for the fertilizer solution (Bouldin et aL 1960). The 



concentrated fertiluer soiution l d g  the application site displaces exdmgeabie cations 

and dissolves some soil rriinefltjs, piacing reWeiy iarge m e s  ofceactÏve cations into 

the soil solution. Reactions occur b e e n  the P in solution and soil constihients d t i n g  

in precipitation and adsorption, and much ofthe P is retaioed in the vicinity of application 

(Soper and Racz 1980). 

2.2.2 Iiiitiai Reaction Products and Tùeù Change Over Time 

Precipitation reactions dominate close to the granule site whereas adsorption 

reactions are more important at the outer edge of the soil-fkdkr d o n  zone where P 

concentrations are lower (Barrow 1980; Soper and Racz 1980). Three zones form as a 

result, inciuding a central zone which contains the residue of the P fertilU:er, an outer layer 

through which P fertilizer solution has passed and dissolveci soi1 min& r d t i n g  in 

formation of Ca-, Mg-, Fe-, and AI-P precipitates, and an outer urne of low P 

concentration where adsorption of P onto the surtàce ofthe soi1 min& bas occurred 

(Barrow 1980). The majority of the phosphorus added is retained as precipitates in most 

soils (Soper and Racz 1980). 

The nature, amount, and rate of  production of these initial reaction products WU 

depend upon the cations and anions supplied by the soi1 and f e r ,  as weli as other soil 

fictors (Sample et al. 1980; Soper and Racz 1980). Dicalcium phosphate dihycûate 

(DCPD) has been identifieci as a major and common initial r d o n  product in western 

Canadian soüs with pH vahies between 6.0 and 8.5 for ail the major orthophosphate 

fertilizers (Himnan et al. 1962; Beaton and Read 1963; Racz and Soper 1967; Bell and 

Black 1970; Strong and Racz 1970; Larsen and W ~ d d o w s  1970). On d i s  high in Mg 
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content dirnagnesium phosphate trihydrate @MPT) is an imtial reaction product of 

ammonium and potassium phosphate férmizess (hcz k d  Soper 1967; SÛOII~ and Racz 

1970). Strong and Raa (1970) found dut on soüs with a CaMg ratio ofQ.64 smral 

insoIuble Mg-P precipitates fomed instead of X P D .  In acïd mils alumimmi and iroa 

oxide and hyrous oxides aud alumin~~siiicate minerais have a dominant role in P retention 

(Soper and Racz 1980), with dissolution ofchy minerais and release ofFe and Ai r d t i n g  

in precipitation of Fe- and Al- phosphates ai high P c o n d o n s  (Sample et al. 1980). 

These initiai reaction products d cornimie to react over time to become more 

stable, l e s  soluble, compounds. For example, on most calcareous soils DCPD is graduaIiy 

changed to octacalcium phosphate (OCP) and eventually hydroxyapatite (HA), the 

dominant stabIe calcium phosphate minerai in prairie soils (Raa and Soper 1967; Beii and 

Black 1970; Sadler and Stewart 1975; Sample et al. 1980). Reaction with soluble CaCO, 

wüi fom precipitates which can then be adsorbeci onto the surfke of calcium carbonate 

minerals (Barrow 1980). This tends to lead to a more rapid conversion to more stable, 

less soluble, compounds in the presence of CaCO, (Bell and Black 1970). In acid mils 

variscite and strengite-like compounds wül eventuaiiy fonn (Sample et aL 1980). 

2.2.3 Adsorption Reactions Foliowing Fertilizer P Application 

As mentioned previously, adsorption reacfions represent the domhant fom of P 

retention in the outer zone of lower P concentration formed near the perifq of the 

fertilizer reaction zone, foliowing fertilizer P application to soi1 (Barrow 1980; Soper and 

Racz 1980). On highiy calcareous mil. soluble P may become immobiiizeci through 

adsorption onto the surfàce of CaCO, minerals. Retention by soi1 carbonates is thought to 
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occur through adsorption of P by the calcite surfgce at low concemmtions, and a 

nucieation process of Ca-phosphate crysEals and subsequent qstd growth at higher P 

concentrations (Sample et ai. 1980). As a dt, availabüity ofapplied P can decrease 

@te rapidly. A study ofthe avaüaôiiity of applied P in 6 cafcareonis Lebanetje soils 

showed sodium bicarbonate exeactable P decreased markedly with time ofmil-P contact, 

with the most rapid dedine in the first 24 hours &a which only 40 to 65% ofthe applied 

P was extractabIe myaa et al. 1985). T h d e r  decline in P was relatively 

uniform to 200 days. 

Al and Fe oxides and hydrous orrides have long been known to play a dominant 

role in P retention in acid soiis (Wild, 1950), but are not as important in neutral to 

calcareous mils (Soper and Racz 1980). However, Ryan et al. (1985) showed that even in 

calcareous mils the presence of iron oxides could contri%ute sisnificantly to adsorption of 

appiied P. Al and Fe oxides can occur as discrete wmpounds, caatings on mil particles, 

or as amorphous Al hydroxy wmpounds between layers ofexpandable Ai silicates (Soper 

and Racz 1980). Adsorption ofapplied P by Al and Fe oxides occurs through exchange of 

phosphate for hydroxyl groups on the su&e (specific adsorption) (Wild 1950), or 

penetration of P into less crystaliine regions of the clay surface (Sample et al. 1980). 

Specinc adsorption results h increased cation exchange capacity due to greater negative 

charge on the soil colioid Retention by alumino-silicate minerals ocairs through specific 

adsorption with OH groups linked to the giibsite layer, as exchangeable anions to counter 

negative charge developed by adsorption of hydroxyl groups or protons of the giibsite 

layer at low P concentrations (Widd 1950; Soper and Racz 1980). Studies by Ryan et al. 



(1985) indicate the effect of Fe oxides in the rapid W P retention pbase U through 

adsorptiodpfecipitation on amorphous surfaces, while the subsequm gradual deche in 

avaiiable P with duration of soii-P contact is consistent with progressive crystallizahion of 

Fe-P forms. W1th time the adsorbeci P tends to muate sorptioa sites and move to less 

accessible regions of soi1 particles or to fom discrete aystolsaystols 

2.2.4 Factors AffCCtSIIg P Retention 

Some major mil fàcton which influence P retention in soüs include oxide content, 

type and amount ofclay, CaCO, content, p y  cation exchange capacity, temperature, 

solution P concentration, and type and amount oforgauic matter (Doyle and Cowefl 

1993). Another very important faor which impacts on P retention is the method of 

application (Baüey et aL 1980). The roles of oxides, clay minerais and CaCO, in P 

retention have already been discussed in detaii. 

In alkaiine and calcareous soiis, increased mil pH resuits in an increase in the rate 

of conversion of initial reaction products to more stable compounds. Beli and Black 

(1970) noted greater rate of conversion of DCPD to OCP in soüs pED7.9 than in those 

p B 6 . 9 .  In acid soils the fixation of P by duminosilicate mherals is generally invefsely 

related to pH (ie. Higher pH decreases fixation rates) (Soper and Racz 1980). 

hcreased mil temperature is directly related to greater rates ofP W o n  (Beaton 

et al. 1965; Sheppard and Racz 1980). The rate of hydrolysis of DCPD to OCP has been 

shown to increase substantiaily at soü temperatures above 20°C (Sheppard and Racz 

1980). As a result, P concentration in the soü solution tends to be h e d y  rehted to 

temperature (Baton et al. 1965). Différences in rate of change to nonextractable P forms 

11 



are related to mamer of fertilization aud conditions of incubation (Ryan et ai. 1985). The 

rapid rate in this study r d t e d  fhm use of soiution P d e r  thaa gramiles and optimum 

moisture with refatively constant temperature. 

The concemation of phosphate in the soü solution also ciffécts the M o n  rate of 

P in soil becawe each successive hcrease in concentration of solution P resuits in a srnalier 

increase in amount of P adsorbed, wbile a linear relationship cr<ists between adsorbed 

phase and the amount of P nxed into ultra-stable forms (Barrow 1980). 

Increased soi1 organic matter content will increase P adsorption (Rennie and 

McKercher 1959), a refiection of the assoCiation of organïc matter with cations capable of 

fixing solution P, such as Ca, Fe and Al (Wüd 1950; Weir and Soper 1963; Dormaar 1972; 

Soper and Racz 1980). These studies indicated that humus in soü organic matter affected 

P retention through its association with Ca, Fe and AL ions. Cornpldon of Ca2+ in soil 

solution could decrease precipitation of Ca-phosphates, while release of Al and Fe by 

humic acids could result in precipitation of Fe- and Ai-phosphates. However, other 

studies (Grossl and Iaskeep 1991) have shown organic acïds may decrease P adsorption 

through complexation of calcium ions or cornpetition with P for adsorption sites. Mnkeni 

and MacKenzie (1985) found that adsorbed P fkom applied pyrophosphate was negatively 

correlated with or@c carbon levels in mils (ie. increased soi1 organic matter decreased 

pyrophosphate retention but had no &kt on applied orthophosphate). This may have 

been due to the greater ability of the pyrophospbate to solubilize soil organic matter 

exposing more adsorption sites by removing organic matter coatings on soi1 minds. 

Malfa residues and farmyard manure increased pH of these acid soils (pH 3.9 to 6.3) and 



hence decreased exchangeable AL This resuited ia decreased adsorption of 

orthophosphate and pyrophosphate, although the r d t s  with pyrophophate were variable 

with W a  additions, 

The form ofapplied P may also a f f i  the retention of appiied P. 

Orthophosphate (OP) and pyrophosphste (PP) were shown to diffZr in terms of retention 

on Quebec soils mghg in pH Eorn 3.9 to 6.3 (Mdceni and MacRenzie 1985). OP 

adsorption was positiveIy correlateci with Fe and Ai (sesquioxides), whiie PP reached a 

maximum and then deched at higher Fe and Ai contents- 

The method of fértüizer P application and the resuiting placement of the P h the 

soil is also an important factor aftécting P retention and efnaency (Bailey et al. 1980; 

Barrow 1980; Engelstad and Terman 1980). Increasing the area of fertilizer P affecteci soi1 

will increase the surfkce area for precipitation and adsorption reactons, r d t i n g  in more 

rapid kation and reduced availability- This is demonstrated by the hdings that reducing 

the area ofapplication for soluble P sources through bandmg as opposed to broadcasting 

reduces the rate of P retention and improves efficiency (Bailey et aL 1980; Englestad and 

Terman 1980). 

The prevïous discussion indicates that pdormance ofP fertüizer carmot be 

assessed completely on the basis of yield of the first or second crop because some of the 

intermediate reaction products can persist up to 5 to 10 years depending on rate of initial 

application, form of feriüuer P, crop removal characteristics, and the soiî's pH, carbonate 

content, and bufBering capacity for P (Barrow 1980; Soper and RacE 1980). Under 

dryland conditions residuai P has been shown to increase avaiiable P status of the soil and 



induce a crop response (-d et al. 1973; Wagar et aL 1986). Conversion of DCPD and 

OCP to hydroxyapatite is slow enough that tûey can pasist in soiis for long periods under 

normal cropping conditions in western Canada and be aV8i18ble to the plant mawley 1965; 

Read et aL 1973,1977; Ridley and Tayakepisuthe 1974; SadIer and Stewart 1975,1977; 

Wagar et ai. 1986). ResiduaI P pools may be established fkom reguiar applications of d 

amounts ofP fertüuer over aa extended period oftime (Spratî and McCurdy 1%6), or 

through large batch applications ofP fériiliÿer (Rennie and McKercher 1959; S a d k  and 

Stewart 1975). 

While it appears that residual P may contrï'bute to crop uptake over several years, it 

would appear that major ciifferences in fertilizer efficiency resuîting &om changes to band 

geometry or chernistry would most iikely resuh fiom d i f f i c e s  in access~.biiity to the crop 

or rate of conversion to residual P. The buik of these differeoces will most ükely be 

evident in the year of application 

2.3 Fcriilizcr Use Enkiency 

Lfiuence of Type of Crop on Fertilizcr Use Efficiency 

Crops vary considerably in their ability to utilize applied P, and these diff'iences 

have pmbably developed at least partiaily in response to clBirences in P requirements. 

For instance, canola may contain 0.8 to 1 .O0! P, more than twice that of wheat (0.3 5 to 

0.45%) (Doyle and Coweli 1993). This translates hto substantial merences in total P 

utilized by crops. For example, on avewe, a 1961kg ha-' canola crop wiIl utilize 22.4 kg 

ha-' of phosphorus, while a 2690 kg haL wheat or a 3228 kg hg1 barley crop will only use 
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between 14.2 and 14.6 kg ML of P (Thomas 1984). 

Cauola and wheat Wèr considerably in terms oftheir féediig W i  with regard to 

P. While advmtageous symbiotic associations often form b e e n  wheat and vesicuiar- 

aibuscular mycorrhkae (VAM) capable ofsotubÜinog P (Rbcey 1987), such associations 

do not n o d y  occur between canola and these microorganisms (Hirrel et aL 1978). 

However, the ab- of canola plants to aciday the rhizosphere so as to increase 

availability of inorganic P provides an alternatnre mechanism for ïmprovhg P uptake 

(Grinsted et al. 1982; Hedley et al. 1982; Moorby et aL 1985). It has also beem shown that 

canola recovers a greatet proportion ofits P during ewly growth stages, whiie crops like 

wheat and fiax recover their P more gradually (Racz et al. 1965). 

Phosphorus utilization fiom bands and pellet-like applications ofP bas been shown 

to Vary considerably for flax, wheat, canola and buckwheat (Strong and Soper 1974a). 

Canola and buckwheat showed a much greater ability to proliferate roots in the fertüizer 

reactioa zone than wheat and flax and as a result were much more efficient at utüipng 

ap piied P. A subsecpent study indicated that a greater concentration of available P within 

the reaction zone relative to the mounding s d  enhanceâ both the proportion of the root 

system proliferating within the zone and the apparent rate of absorption of P (Strong and 

Soper 1974b). Canola and buckwheat appear to be more capable of sigaifiant 

adjustments in root performance when diey encornter a fértiüzer reaction wne, in terms of 

both root prolifetation and absorptive capacity. 

2.3.2 Influence of Band Geometry and Placement on Feitüiar Use Eficiency 

Band geometry is a t e m  used to descrii  the position of applied P fatüizer relative 
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to the seai, or the distribution of the P fértilizer withui the b d  Both ofthe above can 

have a signifiant &ect on the &ciency of use offertilizer P. 

2.3.2.1 Eff i t  of Plicement o f  Fertilàtt P on Fertürzir Use Efficienq. Method of 

fertIlizer P placement is one of the most important &ors governing efIiciency or recovery 

of supplemental P in the year of application (Bailey et al. 1980; B m w  1980; Sheppard 

and Racz 1980). Soluble P reacts rapidly wah soü componemts and bemmes immobile, 

and thus placement to minimiie fixation and maWnize acoess to plant mots is desùable 

(Engeistad and Terman 1980). Method of placement wiU atliect the area off* P 

&ed soü, and the distance between the fertilizer and the d. As diSCUSSBd prwiously 

(Section 2.2.4), increasing the a m  of affected soi1 increases P fixation However, while 

reducing the area of application may hcrease solubiby, it may aiso limit contact between 

the plant roots and fedizer P, and hence P uptake. Eghbaii and Sander (1989) fomd this 

trend was compounded with inmeases in the distance between the applied P and the seed, 

since the increased distance also reduced the probability of the roots contacting the 

fertiiizer, as weli as increasing the time required for contact to occur. 

Placement of P with the seed often r d t s  in more efficient utilization than other 

methods of placement (Olson and Dreier 1956a; Olson et aL 1956a; Bdey et al. 1980; 

Peterson et al. 1981; Bailey and Grant 1990; Doyle and Cowell1993), because it reduces 

surface contact between soi1 and fertilizer while placing a r&y available source of P in 

close proxhity to the roots of young seedlligs. ~upplemêntal P applied in this mamer is 

most beneficial d e r  cool wet soi1 conditions and cm cause more rapid, vigorous 

emergence (sometimes calleci "popup" effkct) for fertilized crops thaa other placement 
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methods (Engeistad and Temm 1980; Zentner et ai 1993), pafticuiarLy at low soi1 

temperatures. This is due to the d c t e d  amhbiÜty ofsoil P to plants at low soil 

temperatures resuhing fiom s e v d  facors inctuding reductions in the quaatity end 

availability of available P sources, restricted mineralization ofoWc P and festricted root 

growth (Sutton 1969; Sheppard and Racz 1980). Starter P applied with the Sad wïü 

improve growth under these conditions by permitting d e r  a o p  growtb, or accumulation 

of P alîowing more rapid growth when temperatures rise (Sutton 1969). The etliectiveness 

of seed-placed P will deche as soi1 temperature increases due to a combination of 

improved availabüity of soil P and increased toxicity of the seeû-placed fértilizei (Sheppard 

and Racz 1985). Seed-placed P application can -me restrictive and less practicai as 

fkrm ske and f d e r  rates increase, due to toxicity & i s  which can occur at higher 

rates of fertilizer application, particuiarly for oiiseed crops such as canoia and fiax (Nyborg 

and Hennig 1969; Bailey and Grant 1990). 

Alternatives to placement of P with the seed inctude banding near the seed (eg. 

side-banding), pre-plant banding and broadcaStiLlg. An important factor affecting the 

efficiency of banded P krtiiizer wiii be the distance between the applied P and the seed 

row (Bailey et al 1980). Increasing the distance between the seed and fertilizer band has 

often been shown to duce P uptake and yield (Nyborg and H d g  1969; Beever 1987; 

EghbaU and Sander 1989; Fiaten 1989). These reductions may be due to a longer delay 

prior to contact of roots with the fertilizer and initiation off* P uptake (Beever 

1987; FIaten 1989). as weii as reduced probability of root-fertilizer contact OcCumng 

(Eghbd and Sander 1989). Eghbd and Sander (1989) have shown that the surfkce area 



of fertiher P aftècted soil must be increased subsiaotially to retain root-tktibr band 

contact when the distance between the fértiluer band a d  seed row is large- However, it is 

important to note that banding a féw cm below the seed depth has been shown to improve 

fertilizer P uptake when the surface soi1 is dry, due to higha m o h  ai lower depths 

(Singh 1962; McCounell et al. 1986). This is due to the fact that P fkom f* stranded 

in dry mil cannot be absorbecl by crops such as wheat (Boatwnght et al 1%4). 

Broadcast application of highiy soluble P sources is less eflicient than seed-placed 

or band application due to rapid imrnobiiization of P by soi1 coastmients @dey et al. 

1980). In wntrast, &ectiveness of broadcast application ofP sources ofvery low 

solubility is greater thaa when banded (Engelstad and Terman 1980). However, the 

relative efficiency of broadcastùig as compared to banding with the seed can vary. 

Peterson et al. (198 1) found that on soils testing Low in availshle P the ratio of the amount 

of broadcast comparai to seed-placed P required to give an equal yieid response was 3 :1. 

The ratio declined to 1 : 1 on soils with medium levds of avaüable P. Sleight et al- (1984) 

suggested that the greater &ciency of féctüizer P utiiization at early growth stages from 

banding as compared to broadcastiag was a result of placïng ail of the fertiher in a 

position where contact by active roots was Iücely, rather t h  from inaead avaiiabilty 

due to reduced area for fixation reactions. 

Reducing soi.-fertilizer contact (concentrating P fertilizer in a s d e r  volume of 

soil (eg. banding) to Mt fixation processes reduces rwt-fertilizer contact. An effective 

method of application must offa a balance between the bewefits of  reduced opportunity for 

fixation, and the benefits of improved probability of root-fertüizer contaci with ail of the 



fertiüzer P applied. Most aops respond weîl to P banded a short distance beiow or below 

and to the side of the seed (Bailey et aL MO), due to good root to fértiiizsr contact. 

However, a small amount ofseed-placed P may stiU be rrquired to maxinb yieids, 

depending on the distance betwem the fertiliza band and serd  row and soii temperature 

and moisture. 

2.3.2.2 Effbca of FtrtilOGcr P D'ïbiition WitLIn the Baud on Avrürbiüty and 

Utilization. Fertüizer P placed iaio the soi1 moves fiom the point of applidon to form a 

near perfect sphere. The volume ofthis hydration sphere, and hence the surhce area of 

soil-fertilizer contact, varies depending on a nwnber of fhctors and afféas the utiiization of 

applied P. Eghball and Sander (1989) found that the volume of soi1 affected by P fertüller 

increased quadratidy as the application rate hcreased for injection points of ammonium 

polyphosphate solution For granular applications the dect was simiiar, with size of 

hydration spheres increasing with granule size (@wuton and Vomicil 1954). The soil's P 

fixation capacity is also important. Soiis with a higher fixation cap* wül remit in less 

movement of P away f?om the point of application, and result in a deaease in root- 

fert*zer contact. Sleight et al. (1984) found tbat increasing injection point spacing to 48 

mm with ammonium polyphosphate solution increased the fertüizer P uptake and yield of 

oats. The increase in fertîlizer P uptake was attrhted to an increase in the area of 

fertilizer P & i e d  soi1 resulting tiom less overlapping of hydration spheres at the wider 

injection point spacïng. These trends were less pronounced in the soils with a lower P 

fixation capacity, where the increased mob i i  of the added P would make improved root- 

fedker contact less newssary, providing M e r  support for this explanation. 
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Most of the currently used methods ofP application in western Caneda d t  in 

discontïnuous P distniutions within the fértiluer bands Size of P f* granules 

influences utilization of applied P by afféctirig its distribution in soii, efkdve surnice area 

and, thadore, the rracSivity ofP f- with d (Anghinoni and Barber 1980; Sleight 

et ai. 1984). Saader and Eg&ball(1988) found that f- P uptake and wheat yield 

were affecteci by particle size, but e&cts of graaule Sue tended to demase as rate of 

application inaeased. The relationship between fertüizer P uptake and grande size was 

quadratic indicating an optimum particle size, the vaiue of wbich depended on the 

application rate and soi1 type. Sizes smaller than the optimum r d t e d  in too great a 

surfàce area for reaction with soil and soii coastihients d t i n g  in increased M o n  of 

applied P. Sues greater than the optimum resuited in discoatiauous bands and decreased 

root-fertilizer contact. The optimum granule sizes for both of these soüs were weil below 

the cornmon 20 mg particle size found in commercial fm fedher  sources. 

One might expect the distriiution of fertilizer within the band to be much more 

uniform for Liquid than granulas fertilizer. Results oftrials with ammonium polyphosphate 

solution (Eghbali and Saader 1987) showed that distance between droplets within the 

band, as detivered fiom a standard J o h ~  Blue (John Blue Co., Humsviüe, AL) hose pump, 

was signiscantiy increased by ceduchg rate of P application fiom each deiivery point and 

decreasing speed oftravel below 4.5 km duruig application Rate of application at each 

delivery point deched with lower rates ofP application and narrower delivery point 

spacing. These results clearly indicated that iiquid applications under field conditions 

would often result in discontinuous bands, particularly at lower rates of application. 



The above mentioned studies suppost the concept that P fatilim ef16cieacy f3om 

bands close to the seed would be improved by i n d g  mot-ktiik contact- This 

could be achieved by root proLifèration in a contbous band, as compareci to 

discontinuous bands caused either by large dry tertiluer particles or large droplet &es 

fiom liquîd applicators. Eghbaü aad Sander (1987) caiculated thaî in a discontinuous band 

over 80 root-fertilizer contacts could be required by one corn plent to suppiy an adexpite 

level of P. They mggesteci that plant roots may follow a continuous band with one root 

contact, while discontinuous bands wouid reqyire at least one contact for each droplet or 

particle. Since plant roots contact only 1-2 % ofthe soü volume, tbis would decrease the 

probability of exploiting discontinious bands as e f f i e l y  as oontinuous ones. 

2.3.3 Influence of Orga13ic Compounds on Ferüüzet P U-tion. 

Several researchers have isolated microorgankms nom the mil, including bacteria 

and h g i ,  which have the abiiity to solubilize P (Kucey 1983; Asea et al. 1988; Leyd  and 

Berthelin 1989; Salih et aL 1989; Ilimer and Schinner 1992). In some cases these 

microorganisms have been utilized as inoculum in order to improve P availabüity and 

utilkation by field crops (Kucey 1988; Kucey and Leggett 1989). With the wide variety of 

organisms which have been found to have the ability to solubilize inorganic P, the âicr that 

several mechanisms for this pro- have been proposed is not surprising. Some 

researchers have suggested that production of organic acids resuiting in aciâüication of the 

soil is an important meciianism for P wlubiition by m i c r o o ~  Qucqr and Leggett 

1989; Leyval and Berthelin 1989; Salih et al. 1989). However, whiie acidification will 

increase the solubüity of insoluble phosphates, the weak or lacking iinear correlation 



between pH of the culture media and the lm1 ofsolubiüzed P in otûer studies ceported in 

the iiterature suggests that one or s e v d  other mecbanisms must be imrolved (Kucey 

1983; Asea et al. 1988; EMich 1990; IiImer and Schinner 1992). One altefllilsive process 

for solubüization of P by these organisms is release of= nom the cytopiasm to the outer 

d a c e  (Ilimer and Schinner 1992). d t i n g  in dubiliz4tion directly et the di surface 

and rapid absorption This could ocw in exchange for cation ( e s p d y  PJHI) uptake or 

with the help of W translocatiag ATPase in the plasmalemma which uses the energy of 

ATP hydrolysis (Beever and Bums 1980). Other processes by which organïsms may 

solubüize phosphorus inchde the production of chelators which can cornplex the cationic 

portion of phosphate salts such as calcium phosphates, altering their solubüity and forcing 

their dissolution (Kucey 1983; Ehrlich 1990). or accumulation and precipitation ofthese 

cations with organic aQds making them unadlebe for precipitation reactions with 

phosphate (Beever and Bums 1980). EMich (1990) also suggested the possibility of 

formation of hydrogen sulphide which can react with iron phosphate and precipitate iron 

sulphide, releasing soluble phosphate. 

Wbile it is unclear wbich of the above mechanisau are most important for P 

solubilization in agricuitwal soils, it is apparent that the microbial cornrnunîty and the 

orgaoic compounds produced by it are important in solubiiizing inorganic P which may 

otherwise be unavaiiable to plants. The previous discussion illustrates some promising 

potentiai for improving P utilization in agricuitural crops by the addition of 

microorganisms to agricultural 4 s .  However, it is very difiïcuit to introduce foreign 

microorganisms into agricultural enviroment~~ Development of effective inoculum tends 



to be wmplicated, beeaise it tends to be composecl ofa mixture ofspecies and strsiiis ofP 

solubilizers isoiaîed Eom local soh. Taha et ai. (1%9) found tbat a USSR atnui of B. 

Megatherium var. phosphaticum was not as déctiVe as Id straiiis, due to ciifkences in 

mil type and other conditions. Mixed inocdation is g a i d y  more M e  than single, 

due to coopetative and synerghic e f f i  (Banik and Dey 1981). The inoculum must also 

be cornpetitive with mains already present in the soü in order to estabîish a viable 

popdatiou, as shown by Thomas et al. (1985). These authors found the greaiest P 

solubilization fiom the b g î  with the greatest cornpetitive sapropbitic abW. 

Due to the diflidties in introducing miaoorgaaisms into agricuitural soils, some 

studies have been conducted to study the &êct of applications ofthe organic acids to soi1 

on P availability and utilization Fox et al. (1990) found that low molecular weight organic 

acids may participate in ligand exchange reactions, resulting in the release ofP f?om the 

inner-sphere cornplex of aluminum oxie surf8ces. There was gendy, with a few 

exceptions, a trend ofincreased release of Al and inorganic P with an inae!ase in the log 

K, when organic acids were applied to the soil. Grossi and Inskeep (1991) examineci the 

effiect of humic, f'ulvic, tannie and citric acid on the precipitation of dicalcium phosphate 

dihydrate @CPD), a cornmon reaction product of P fertïlker in calcareous soiîs. Results 

indicated that aü ofthe organic acids inhiiited DCPD formation, citrate k g  the most 

effective. The prllnary mechanism appeared to be adsorption of the organic acid ont0 the 

DCPD sufaces, bloclo'ng sites for new crystal growth. 

Lignosuifonates are organic by-products of the puip and papa inhistry produced 

nom the suinte puiphg procesS. They are soluble lignin derivatives with negatively 



charged SUEfonate, hydroxyl, aubxylic, and phenolic groups near the sudke, coatn'buting 

to their high water sdubility and potentid to participate in a variety of reaEtons in soîi. 

Receutiy, s e v d  reseaschers have undertaken studies to detemine the efEects of 

application oflipsulfonate to the sd, as a meem of disposai. These studies bave 

indicated effects including stimulateci microbii respiration (Meier n aL 1993). and 

inaeased ammoniacal nitrogen c o n ~ o n s ,  due to a combination ofdecnased 

ammonia volatiktion and inboiition of nitrification or bIockage of ammonium fixation 

sites (Al-Kanani et al. 1994; Meier et aL 1993). &Kanani et aL (1994) also found little 

effect on immobilization of N despite the high C/N ratio of 10:1, indicating either 

resistance to microbial degradation or that the Iigno&ooate may act as a general 

metabolic inhibitor for a period of tune after application Lignosulfomte, wûich can 

chelate a variety of mïcronutrients, was shown by several researchers to improve plant 

availability and uptake of micronutrîents when used as a d e r  (Sajwan and Lidsay 1988; 

Singh et al. 1986; Raese et al. 1986; Cihacek 1984). Xie et al. (1991) demonstrated tbt 

addition of calcium lignodonate to soi1 decreased pH and concentration of phosphorus in 

solution, probably due to precipitation of calcium phosphates. However, addition of 

ammonium iignonilfonate r d t e d  in inaeased solution P concentration, apparentiy 

through cornpetition between lignosulfonate and phosphate ions for adsorption sites. A 

subsequent study by RusseU et al. (1991) found that applying mktures ofammonium 

iignosulfonate and triple superphosphate improved the uptake ofP by corn as compareci to 

treatments receiving only triple superphosphate. F d e r  studies ofvarious addition 

sequences of ammonium lignosulfoaate and diammonium phosphate indicated that 



increasing the rate of application of ammonhm ligposulfonate decreased P retention, an 

indication that cornpetition between lignodonate and phosphate ions was a major 

mecbanism ofimproved P avahbility (Xie et al. 1993). The authors suggested that 

preinaibation with ammonium iignosulfonate r d t e d  in lignosuIfonate adsorption which 

then blocked phosphate adsorption due to increased surfiace n e g a b  cbarge and the large 

size ofthe Ligaosulfonate ions which cover a large proportion of the surfaa. Decreased 

soi1 pH did not increase P adsorption hdicating that the lignosulfonate addition Ied to 

calcium complexation and blockage ofP adsorption sites. 

2.3.4 Nitrogen Fertiliztr Effecb on Fertiüzec P Utilbation. 

Recent developments in air seeding tech01ogy have prompted more fkmers to 

apply their N and P fertilher in a cornmon band pnor to seedmg (ofien refmed to as dual 

banding). This has the ben& of reducing handling of fértüizer at seeding the, as weîi as 

decreasing the risk of seedliDg damage which may d t  fkom higher rates of P application 

in the seed row (Nyborg and Hennig 1969). Another potemial advantage may be the 

positive interaction between duai banded N and P which has been noted by several authors 

for a variety of crops (Miner and Ohlrogge 1958; Grunes 1959; Miller and Vij 1962; Miller 

1965; Grant et al. 1984; Beever 1987; Fiaten 1989). However, research has shown tbat 

placing P in a band farther away fiom the seed row can duce yield response and P uptake 

(Nyborg and Hennig 1969; Beever 1987; Fiaten 1989), due to the increaseâ distance the 

roots must grow to reach the fertilizer band. The greater distance may delay initiation of 

fertilizer P uptake substantiaify meever 1987; Fiaten 1989). The efficiency of P fertilizer 

applied in this manner wiii refiect all of the above effécts. 



Some ofthe earliest research inîo the positive impact ofN on fertitizer P uptake 

took place in the eady 1940's and 1950's m Saskatchewan where researchers found yield 

responses of cereal grains to P f e  additions wae greater for MAP thau calcium 

phosphates (Mitcheli 1946; Dion a ai. 1-b; Mitcheli 1957; Remie and Soper 1958; 

Beaton and Read 1963). Studies as eady as 1939 (Mitchen 1946) comparing MAP, triple 

superphosphate and amnoniateci superphosphate found th MAP was most eftkctbe in 

improving yield, particuIarIy at lower application rates and under cool moist conditions. 

The use of? radioisotope in the late 19Ws greatiy improved the ability of researchers to 

differentiate between soi1 and fertilizer P taken up by plants. Dion et aL (1949), in a 

review of experiments conducted using radiophosphorus at the University of 

Saskatchewan, indicated that MAP was superior to monocalcium phosphate (MCP) and 

dicalcium phosphate (DCP) in te- of uptake due to increased availsihility. MCP and 

DCP were less availabie due to rapid conversion ofthese sources to less soluble tricalcium 

phosphates. 

These initial findings led to f i d e r  stuclies of the effècts of appiying N and P 

fertilizers together. Plant uptake of P was found to be enhanced when ammonium was 

biended or wmbined with a P source (Rennie and Mitchel 1954; Rennie and Soper 1958). 

Banding of N with P also made distance of application hom the seed row iess aiticai than 

when P was applied alone (Fiaten 1989), appardy due to movement of N out ofthe band 

resulting in a larger target for mot contact. 

The positive effects of N on f e r t h r  P utilization have beea most pronounced for 

those sources providing N in the fom of ammonium. Nitrate d e n  have been shown to 



increase P uptake only to the extent that they stimulate growth of b e r  plants, wbile N 

saits containing the ammonium ion can give much pater iiicreaseS in uptaLe ofP fiom 

MAP, though only when appiîed in dirra CO- with the P f è d b r  (Rennie and Soper 

1958). Nielsen e$ aL (1967) studied the &ect ofN-serve (2 chioro-6-(trïchloromethyi 

pyridine)), a rûtdication inhiiitor. on P absorption by wheat. Wbile ammonium ions were 

not as readily absorbed by the plant as nitrate* the ammonium ions still eohanced P uptake 

more than nitrate, indicating that the ammonium ion was influicicing the process by which 

P was absorbecl by the plant. Thomson et aL (1993) also found M a r  results. This 

ccammonium ion eftécr can be linked to either chernical or biologicd mechanisms, or more 

Iikely to a combination of both, for enhancing P uptake. The chemicai mechaaisms involve 

inmeases in reaction zone size and fertilizer P concentration, whüe the bioiogicai 

mechaaisms invoive inmeases in root contact with, and proliferrrtion in, the fenüizer band 

or zone, catiodanion baiance, and absorption traosfer processes (Beever 1987). 

Under certain conditions negatÎve effects of dual banding ofN and P on P 

utilkation cm aw. Application of high rates of N in dual N-P bands cm interfere with P 

uptake unless bands are allowed to "age" (Flaten 1989). Flaten (1989) observed a 

depression in P uptake when urea was added in the band ifthe band was located close to 

the seed row, whüe enhancernent of P uptake occuned if the distance was inmeased. This 

interference was attricbuted to bigh concentrations of free amnonia and elevated pH leveis 

(Fiaten 1989). M e r  research has indicated that nitrite accumulation, which is toxic to 

plant roots, is enhanmi by high concentrations of ammoniad N and alkaline pH which 

can occur in urea bands (Aleem and Alexander 1960; Court et al. 1964). Beever (1987) 



reported high conczntnüions of nitcite and ammonia pasisted in dual N-P bands for a 

significant period d e r  application and couid result in ceâuced P uptake at eady growth 

stages. However, this &kt varied with soil characteristics. F m  and MacKemzie (1994) 

found that on acid soils the initial increase in pH h m  urea hydroiysis increased availabihy 

and uptake ofP fiom TSP and MAP by corn at the six to nine leafstage. Tbis was 

credited to reduced M o n  by Fe and Al at the higher pH. 

2.3.4.1 Chernieil Mechanbitls Iatluencing the Effécts of N on Fertilizer P 

Utiliution. The chernical &ects of ammoniacal N on P absorption by plants are related 

to the altering of the availability of the f e  P source. These effects r d t  mainly from 

changes in the pH and ionic strength within the fertilizer band A study by Cho and 

Caldwell (1959) found that iron and duminiun phosphates were abundant in acid soils, 

calcium phosphates dominated in alkahe soils, and a relatively equal di~~bution occurred 

under neutrai pH conditions. The availabiiity of P was found to decrease! as pH of the soi1 

departed fiom neutrai values. 

Urea f e r  applied to soi1 undergoes rapid hydrolysis releasing ammoniwn and 

hydroxyl ions. This has been show to increase the pH of the fértüizer r d 0 1 1  zone by as 

much as one unit inîtidy, but over time oxidation of the ammonium to nitrate duces the 

pH below that of the control (Isensee and Walsh 1971). The study also indicated tbat high 

and perhaps toxic levels of NO2-N accumulated near the fe- band when urea was 

appiied. This was most likely due to the combination of high sah and NI&-N 

concentrations and alkaüne conditions which inhiibit nitrification (Johtwn and Gu& 

1963). This initial increase in pH can reduœ the solubility of Ca, Mg and P through 



greater formation of iasOlubIe phosphate compounâs, but c o n ~ o n s  should then begin 

to increase as pH declioes due to nitcification @sensee and Walsh 1972). These results are 

in agreement with Flaten (1989) who reporteci that addition ofurea to P bands r d t d  in 

iower initial fertilizet P uptake, followed by enhluiced uptake later in the .~i.11pon sdicient 

to overcome the initiai decliw, as compared to N and P applied separately. The deaaise 

in initial uptake was greater when the distance between the duai N-P b d  and the seed 

row was reduced. 

While -+-N sources have cleady been show to &kt pH in the fertiüzer band 

and the rhizosphere, î t  is not clear that this is the major mechamsm involved in the 

ammonium ion & i .  Rerïnie and Soper (1958) found that whüe dual banding with 

ammonium sulphate increased fertilizer P uptake, the acid salt potassium sulphate added to 

give an e<iuivalent reduction in pH had a negative, ififany, &ect on P utilizatioa The 

increased P uptake also occurred early in growth, and not at later stages as would be 

expected fiom an acidity effect. The lack ofimprovement in P uptake fiom aciWcation of 

the band, especially in calcareous soiis has been noted by several authon (Olson and 

Dreier 1956b; Grunes et al. 1958). They postulateci that acidification inaeased the 

solubility of calcium, resulting in inaeased precipitation of the P fertüizer and offsetting 

the benefits ofthe iacrease in P solubüity. This increase in Ca solubility was also noted by 

Isensee and Walsh (1971, 1972). 

In addition to pH efféas, salt e f f i s  on the ionic ~frength ofthe soi1 soluîion and 

exchange reactions within the fertilizer reaction zone as a result ofdual bandhg need 

consideration. This effèct was descllied by Barry et al. (1983) as the "sww-plow effi",  



which occlas when adsorbed ions in a soi1 wÏth a relatively low cation exchange capacity 

are desorbed by an incoming solution of high concentration through cornpetition for 

exchange sites. This is thought to occur under fidd conditions as the satutateci fértüizer 

solution moves outward f?om the point of application, pishing the desorbed ions ahead of 

the solution fionî, at least for a short distance (Starr and Parlange 1979). A numerid 

investigation of this &ect by Cho (1985) indicated that concentdon distributions of the 

displacing and displaœd ions are dependent on the seiectmty coefficient ofthe ion 

exchange reaction, the exchange capacity of the mil and the concentration of the 

displacing ions. Soils with a high CEC fàvour desorption ofdivalent cations o v a  

monovalent - 

Variations in ion concentration and distniution d t i n g  Born the "snow-plow 

effect" may help to explain the &ect of N on P solubility and uptake @mer 1987). 

Grunes (1959) noted that ion effects resulting fkom increased iomc strength codd increase 

solubility of phosphate. However, this bene& could be offset by increased calcium 

concentrations which would result in increased Ca-phosphate precipitation, a response 

which was noted by Isensee and Wdsh (1971, 1972). The ladr of positive response ofP 

uptake to dual bandiog with nitrate or potassium fertilizers (Oison et al. 1956b; Grunes et 

al. 1958; Rennie and Soper 1958; Leonce and Miller 1966) ais0 indicates that any berieiit 

of sait e E i s  wouid be relatively small. 

2.3.4.2 Biologid Mechanisms Muencing the Effcet of N on Ferübr P Utiiization. 

The biological effkcts of ammoniacal N on P uptake by plants include changes in the 

morphology andor physiology of the plant which have an impact on P utiüzation (Beever 
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1987). One suggested enéct of N on P utilization is the increase in both contact of roots 

with the fatiliza band and root proiifièration witbin the zone ofdevated mitrient leveïs. 

Grunes (1959) suggested biat dual application of N and P i n d  root gmwth and area 

of absorption in the phosphate band Stimulation of mot prolifiion by localhi supplies 

of nitrate or ammonium has aiso been demonstraîed by other resemhers @uncm and 

Ohirogge 1958; Drew 1975; Drew and Saker 1978). perticuiariy when applied in the same 

zone with P, and provided concentrations of sait, ammonia or nitrite are below toxic 

levels. Dual banding with wea was found to provide a larger target for root contact 

maten and Racz 1985), and d e r  contact root prolifération in the area of high d e n t  

concentration ellsuced good P uptake provided N leveis were not excessive. Milier and 

Ohlrogge (1958) concluded that ammonium sulphe placed with the P in a locdked band 

increased the relative feeding power of the c m  planî on the band P through the 

development of a root mass in the area ofN and P placement. Improved rwt proliferation 

cannot completely explain the ammonium ion &ect, however- Duncan and Ohirogge 

(1959) noted that the root to shoot ratio reniained constant, ïndicating that in some 

instances the N can cause a change in root distribution rather than au increase in growth. 

Root proüfératon can also be stimulated by KNQ and KCI without & i g  P uptake 

(Duncan and Ohlrogge 1958; Blanchar and Caldwell 1966a,b), and the ammonium ion 

e f f i  may occur in the absence of increased root prolifêration (MUer and Vij 1962; Riley 

aad Barber 197 1). 

Miller (1965) indicated that increased corn root growth within the band volume, 

iacreased top growth or N content, in the presence of ammonium sulphate, were not the 



primary causes of increased P absorption & sqgested that the ammoniwn sulphate 

exerted a specinc influence on the physioiogical .diviry that controis P absorption Rennie 

and Soper (1958) suggested that the stimulation ofP uptake at eady growth stages wodd 

be weii wrrelated with the rapid ammonium-nitrogen absorption at eady growth stages as 

reported by Stahl and Shive (1933). and hence the &kt of the ammonium ion on P uptake 

was more to do with its influence on the plants abiiity to take up P than on its dect on 

solubility of  the applied P. Studies by Cole et a l  (1963) and Thien and McFee (1970) in 

which N pretreatments of corn plants increzised P absorption and translocation rates, 

would also appear to support the possibüay that N affects the rnecbaiiisms ofP uptake. 

However, the complexity of these processes have made coliection of any direct evidence 

for the duence of N on biological uptake processes very diflicult. 

One final mechaoism by which N may affect P utilizzition is through its effect on the 

cation/anion balance within the plant. Changes to the plant and the soü mounding the 

roots occur in order for the plant to maintain electroneutraüty during ion uptake. Riley 

and Barber (1969) showed that increaskg the supply ofnitrate to plant roots resulted in 

accumulation of HCO; and increased pH in the rhizosphere. Ammonium ion uptake 

decreased pH in the rhizosphere, most likely through excretion of H+ in archange for 

ammonium ions as suggested by Mïiier et al. (1970). This change in rhizosphere pH has 

been fond to be more closely correlated with changes in P absorption than changes in pH 

of the buik soi1 (Ney and Barber 1971). Reduced rbizocylinder pH is associated with 

increased rhizocyiinder P concentration and incceased P uptake (Som and Miller 1977). 

However, P absorption was 500/0 greater in the presence ofNH,+-N than cwld be 



explained on the basis of rhizocyihder P c o n d o n  alone, in these studies. 

In addition to direct &ecf~ on P soiubiiity, d u c e d  riiiIosphere pH would ais0 

shift the eq@ibcium ofHp0; and HPOt- in fkvour offolmation of=; @fUer et aL 

1970; Riiey and Barber 1971). This form o r )  is the plaat's physiologid preference 

and is absorbed at a greater rate than HPû:- (Hagen and Hopkins 1955). However, this 

would not fUiy explain the ammonium ion e f f a s  on lower pH mils where w l  wouid 

already predomipate (Blair et al. 1971). Thomson et al. (1993) indicated that decreases in 

pH in the bufk soil and the rhizosphere were similar for ammonium sulphate dded to 

potassium phosphate bauds, unless a nitrification inhibitor was addeci- 

From the above discussion it is evident that no one mechanism can be used to 

describe the ammonium ion Si It would appear that there are a number of mechanisms 

involved in the influence o f  ammonium ion on fertüizer P utilization, and that the dominant 

ones may Vary dependhg on the conditions uivolved. 

2.3.5 Effects of Other Fertilizcr Sources on the Uüïization of Fertilizcr P 

Non-phosphatic salts other than N sources can also affect the availlih'i and 

uptake of  fertilizer P sources. Bouldin and Sample (1958) stuclied the effects ofKCl, 

KNO,, -Cl, mNO3 and (NH&SO, on water soluble and extractable P levels and P 

uptake by oat plants fiom concentrateci superphosphate (CSP). AU of the sahs were 

effective in improving the availability of the CSP. Ofthe two potassium sources, KCl was 

the least effectne while IWO3 was the most effective of the five sources. ûther studies 

with KCl have shown reductions in mobiiity and solubility of appIied potassium phosphate 

when the two are appiied together in a system dominated by exchangeable caiciuxn 
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(Aicimemi and Cho 1993). This was attributed to displacement of calcium hto so1ution 

resuiting in increased precipitation ofcaicium phosphates near the point of gpp1id011- 

Studies including &SO, as well as these other sahs imlicated that potassium sulphate 

wouid be more effective than than KCl or KNQ in improvhg P wailabiiity due to less 

precipitation of applied P at the point of application (Boddîn et al. 1960). This appears to 

r d t  fiom precipitation of calcium dphates which would d u c e  the levds of soluble 

calcium avaüable for precipitation with phosphate. 

In several instances the incorporation of sulphur into bands of P f e  has been 

shown to improve yield and fectilizer P uptake. Mitchell et aL (1952) found inmeashg the 

rate of sulphur incorporated into MAP bands or dual bands ofdicalcium phosphate and 

nitrate increased fertilizer P utilkation by wheat, due to oxidation of the suiphur resulting 

in acidification within the fertiluer reaction zone. However, field studies resuited in no 

effect, due to poor oxïdation of S under field conditions as compared to the greenhouse- 

Morden et ai. (1986) found that both ammonium and sodium thiosulphate sources 

incorporateci into MAP bands increased fert'ilizer P uptake and dry matter yield of barley- 

The benefits were again attnbuted to oxidation ofthe thiosulphate to sulphate resulting in 

acidiiication of the fertilizer reaction zone. However, the &&mess of the thiosulphate 

under field conditions was not studied- 

What is clear fkom all of the previously mentioned studies is that the e f f i e n e s s  

of any particular neutral salt in improving the availabiiity of an applied P source will be 

dictated mainly by the chemicai effects of the salt on the system. This may explain why the 

ammonium N sources often perfiorm more effectively in this role, since there is clearly 



evidence that the amxnoniwn N bas both chemicai and biological irifluences on firtüiar P 

uptake. 

2.4 Prospects for Improving Eflicitllcy of P UtiIiz8tion 

From the preading review it is cl= that the m e c m  in8uenchg the efliciency 

of P fertilizers are very wmplex In spite of the vast amount of research which has beea 

conducted, fértüizer P efficiency remaùis quite low. Finding the optimum methd of 

application which balances maxbkhg access to plant roots while mhhhhg M o n  

processes remains a challenge. Further research with regard to band geometxy, 

partinilady as it appiies to form and distniution of the P fertiiizer within the bmd, may yet 

yield significant irnprovements. There may also be opportunities for the introduction of 

chernical or organic amendments hto the band which will help maintah the a d i i i t y  of 

the P over a longer period of the. 



3. THE EF'F'ECr OF BAND GEOMETRY AND CEEMETRY ON FERllLUER 
PHOSPHORUS AVMLABILITY 

Growth chamber experiments were undertaken to study the potential for incfeasing 

the utilkation of applied phosphorus by annual crops, through mociiiïcation of the area (or 

volume) of application a d o r  the chemistry ofthe f- band The first study was 

conducted using a silty clay loam soil, with wheaî and canola as test aops. Phosphorus 

was apptied as a solution of monoammoniwn phosphate (MW) iabelied with 9, in bands 

centered 1-25 cm below and beside the seed row. Fertilizer band geometries ranged fiom 

three spots placed 5 cm apart to simulate granules, to a 2.5 cm wide continuous band. 

Several band geometnes were duplicated as dual bands of= with either ammonium 

sulphate or urea applied in solutionn A second study with wheat was conducted using the 

fertilizers in fine granular form. F e r t i b  bands invohred siiiiilar band gametries, but 

some of the larger bands involveci relatRrdy large volumes of soi1 beimg fèrtiIized (eg. 2.5 

x 1.0 x 12.5 cm). Uagaesiw sulphate was also explored as a chernical amendment to 

study its e f f i  on MAP aciency. 

With canola, inaeasing the area off* appiication and/or dual banding with N 

failed to increase utiihtion ofapplied P, and appeared to decrease feailizer P uptake in 

some cases. However, with wheat both Mg2S04 and (NH,)$04 dual bands were effective 



in improvuig MAP efficiency. The -est utilizasion of apptied phosphorus ocairred 

nom the ammonium sulphaîe and MAP duai bands with the grestest ana (or volume) of 

soi1 fertilized. 

Even in P responsive smiatioris and for the most effective ofcuneiit fatilizer 

application methods, uptake of greater t h  one t b d  of applied phosphorus is acceptional 

for many crops. As a result, rnuch research has been undertaken with the aim of irnproving 

the utïlïzation of applied fertilizer phosphorus. Much of the research has invohred the use 

ofgranuiar P fettilizers with grande &es often in excess of 15 mg, r d -  in wide 

grande spacing w i t h  the fertiliter band at low to moderate appiication rates. The use of 

conventional iiquid application equipment appears to resuit in W e  improvement in uptake 

of applied P wmpared to granuiar applications, due to large droplet sizes rdtiag in wide 

droplet spacing (Eghball and Sander 1987). Decreasing granule ske can improve P 

fertilizer uptake in wheat (Sander and Eghball1988), due to the resuiting increase in 

continuity of the fertiluer zone. Al1 ofthese hdings can probably be qlained by the 

increased fiequency of root-fertilizer contact caused by inmeashg the surjàce a r a  of 

fertilizer P affecteci soil, which r d t s  in increased uptake of the applied P (Eghbd and 

Sander 1989). 

Based on the results mentioned above it was postulateci thet there might be 

potential for improvement in utilization of applied P by increasiag the area and contiouity 

of the fedizer band. The purpose of these particular studies was to starniDe several 



methods of fémiizer application wbich mi@ increase the w o n  ofP h m  applied 

monoammonnim phosphate (MAP) fertilizer- These methds hwoM varying the ana or 

band width of f e  application The potcatial for enhancement ofuptake through 

chernid modifications ofthe fertiliza band was aiso explored. Chernical d a t i o n s  

included d d  banding of the MAP with severai other tértiüzers. 

3.3.1 EKect of  baud geomeûy and chemistry on fertilacr P uptake by whmt and 
canoJa - P fertikr appiied in dation form. 

3.3.1.1 Experimentaî Setup and Rocdures. A growth chamba expriment involvhg 

three replicates of Ween  treatmentss arrangeci in a completely randomized design, with 

two test crops, wheat (Tnfictrm aesthm var- Katepwa) and cruiola (Br--ica mpw var- 

AC Excel) was conâucted- 

The soi1 used in the study (Table 3.1) was taken f?om the Surnre 15 to 20 cm of 

the profile, passed through a sieve with openhgs of 1 -5 x 3 -5 cm to break up any large 

clods, and spread out on plastic to air dry. The soi1 was mixed occasionaily to speed thk 

process. 

A 2500 gram portion of soi1 was placed into 3.5 litre pots. The top 2.5 cm of soil 

was removed, the remainulg soü was watered to field capacity, and the fatüizer bands 

applied to the SCUface. The treatments are d e s c r i  in deteil in Table 3.2 and Figure 3.1. 

The fertilùers were applied at rates expivalent to 7.5 kg hao1 ofP and 50 kg ha-' of N, and 

the MAP was labelled with the radioisotope 9. The solution for the wheat experiment 

was labelleci with 37 MBq of? as &PO, in 00.2N HCI, such that it received 2.96 x IO4 
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3.1 Some chemid and physical characteristics ofthe mil usedzf 

soil Association 

Soil Texture 

Gravirnetric field capacity 

Exchangeable Cations: 
Ca* 
Mg* 
K* 
Na* 

Riverdale Association 

Silty clay loam 

10.6 g C kg" 

Electrical Conductmty 0-43 dS m" 
Wote: Detailed descriptions ofthe soil analysis procedures are outlined in AppendSc IL 

Bq mg-' 31P. The solution for the canola experiment was IabeUed with 74 MBq of 9 as 

&Po4 in 0.02N HCl, such that it received 5.92 x 10' Bq mg-' "P. The MAP was applied 

as 0.6 mi of solution with a P concentration of 0.807 M. The ammonium sulphate and 

urea were applied as 1.2 ml of solution with an N concentration of5.933 M. AU fértillzer 

applications were made ushg a micro-pipette, and for bands iwolving areas of application 

the solution was spread over the entire area as uniformiy as possible. ûnehaifof the soi1 

which had been removed f3om the pots was then replaced, a row of twelve seeds placed 

dong the center of the pots and the remaining soil replaced. The pots were then watered 

to field capacityy placed into the growth chambers and kept near field capacity by w a t e ~ g  

every 2 to 3 days. 



Table 3 2 Treafmenîs for p w t h  chamber study with solution P fbr t ikr .  

1 None Ammonium Narrow comiauous band. 
Sulphate 

2 Noue Urea Narrow continuous band. 

3 MAP Ammonium P applied as three 0.2 mi &oplets 5 cm apart in a 
Sulphate row; N applied as in treatment lon opposite side 

of the seeû row. 

4 MAP Ammonium P applied as six 0.1 ml droplets 2.5 cm apart in a 
Sulphate row; N applied as descriiii in treatment 3. 

5 MAP Ammonium P applied as a narrow continuous baad; N 
Sulphate applied as desnibed in treatment 3. 

6 MAP Ammopnim P applied as a 1.5 cm wide continuous band; N 
Suiphate applied as desaiibed in treatment 3. 

7 MAPY Ammonium P applied as a 2.5 cm wide coiitirmous band; N 
Suiphate applied as descri'bed in treatment 3. 

8 MAP Ammonium Dual application: P applied as in treahnent 3; N 
Sulphate applied to sme location as P. 

9 MAI? Ammonium Dual application: P appiied as in treatment 5; N 
Sulphate applied to same location as the P application, 

10 W .Ammonium Dual application: P applied as in treatment 7; N 
Sulphate applied to same location as the P application, 

I l  MAE? Urea Dual application: P apptied as in treaiment 3; N 
applied to same location as the P applicaîion- 

12 MAP Urea Dual application: P applied as in treatment 5; N 
applied to same location as the P application 

13 MAPy Urea Duai application: P applied as in treatmmt 7; N 
applied to same location as the P application 

z AU of the fertilizer bands were centered 1.23 cm below and 1-25 cm beside the seed row. 
y The phosphorus fertilizer solution was düuted 1: 1 with distillecl water to provide 
d c i e n t  solution for distriilution over the entire sdàcx of  the 2-5 cm wide band. 



Figure 3.1 Fermizer band geometries and placement of P fatilizer relative to the 
seed row. 



The growth chambers used hcluded a Foster Modef GR 36 and a Comriron Mode1 

PGW 36, for the wheat and canoIa trials, respectively. The day1eï1gth *ed 

throughout the course of the experiment was 16 h Temperatures were maimineci 

between 23 and 27'C during the day period; mght temperatures were 14 to 1 S0 C. The 

wheat plants were thinned to 9 plants pot-' on the 106 day &er emergence, whereas the 

canola plants were thinned to 5 plants pot-L on the day after emergence. Plants were 

removed so as to give a uniform distriution dong the band. 'I%roughout the course ofthe 

growing penod the pots were watered to gravimettic field cap* every 2 to 3 days. 

From emergence to harvest the plants were monitored for chan~es in radio8ctnrity 

resulting fkom the uptake ofP fiom the 9 labeiied MAP using a hand he1d Geiger- 

Mueller survey meter. The average intensity, observeci as the meter was moved slowly 

over the plant SUCfàces, was recorded. Counts were not corrected for radioactive decay. 

The above ground plant material was harvested 27 to 28 days &er seeding (25 

days after emergence), allowed to air dry for 1 day, and then ovendried at approxhtely 

60°C for 3 days. The mass of the dry plant material was measured, and the samples 

ground uskg a Braun (Braun Canada Ltd., 110 Matheson Blvd. W Suite 200, Mississauga, 

ON, L5R 3T4) AG Type KSMl coffee g ~ d e r .  The plant tissue was then digested (nîtric- 

perchloric acid digestion) and analysed for total P content and radioadvity r d t i n g  fiom 

uptake of 9 (Appendix 1). Statisticai analyses ofthe results ushg ANOVA, means 

cornparison, and correlation procedures were conducteci using the Statisticai Aaalysis 

System (SAS Iastitute (Canada) Inc., BCE Place, Suite 2220, 181 Bay Street, P.O. Box 

8 19, Toronto, ON, M5J 2T3). 



In order to determine the avaüabiiity of the fértüim P over a longer tirne period 

the pots were reseeded after the fmt West. Soil aad roots fiom the pteviousiy hervested 

plants were left ~dishirbed~ A small glass rod was used to maLe depressions for the seed 

in the old seed row, to ensure that the seed was placed at the same depth as for the firsr 

crop (1 -25 cm). The wheat 4 s  used were pregemhted on papa toweis moisiened 

with distilleci wata. The holes were nIled with soii a f k  placement ofthe seeds. The 

second crop was harvested and a d y d  as d e s c r i i  fOr the first crop. 

3.3.2 E f f i  of band geonetrg uid chemistrg on fertiiacr P upWre by wheat - P 
fertiüzer appiied in h e  grrtorLr form 

3.3.2.1 Erperimeatai Pmeedures. The soil and experimentai procedures used were the 

same as for the previous study, with the followhg exceptions. The fertilizers were applied 

in a fine granular form and magnesium sulphate was included as a bernent at a rate of 50 

kg ha" ofMg. The 9 labeUed MAP was prepared as foilows. The 4.64 g of MAP was 

dissolveci and labelled with 37 MBq of 9 as HgOI in 0.02 N HCI. The solution was 

cirieci in an oven at 3S°C until the decrease in mess over a 24 hour period was less than 

0.001 g. The dry material was ground in a glass mortar and p d e  to a fme granular form. 

The other fertilizer souces were reagent grade sources in fine granular fom The 

treatments (Table 3.3 and Figure 3 -2) were replicated three times, and wheat (Tntictnn 

aestMnn var. Katepwa) was used as the test crop. For the treatments involving bands in 

which relatively large volumes of mil were fertüiaed, the fertilizers were mixed with dry 

soil prior to application to eosure d o r m  distriiution within the band. The appropriate 

amount of soil was caldated using the bulk density and volume of the band. A metal 



template was made for each ofthe difEerenf baml vohimes and was used to remove the 

appropriate volume ofsoü nom the pre-moistened soiî sur ib .  The mimue of fértilizes 

and dry soü was placed in the openhg in the soiL Soii was replaceci to give a depth of 

1-25 cm between the seed row and f e  band, then the pots were seeded, the 

remaioing soi1 replaced, ami the pots watered. The plaats were thimied to 8 plants pot-' 10 

days &er emergence and harvested 28 days after seediog. Ali adysis ofthe harvested 

plants, including statisicai aiialysis of the results, was conducted as descriibed for the 

previous study. 



Table 3.3 Treatments for p w t h  chamber study with grsiuilar P f k d k r .  

Treatment # P FertElizer Fertilizer Fertiluer Application* 
Amendment 

1 None Ammonium 0.5xOSx12.5cmband 
Sdpbate 

3 MAP Ammonium P applied in a row of3 spots 5 cm apart; N 
Suiphate applied as in treafment #1 but to the 

opposite side of the seed row. 

4 M M  Ammonnim N and P applied together in a row of 3 
Sdphate spots 5 cm apart 

5 MAP Ammonium N and P applied together in a 0.5 x 0.5 x 
Suiphate 12.5 cm band. 

6 MAP Ammonium N and P applied together in a 1.5 x 1.0 x 
Sdphate 12.5 cm band. 

7 lMAP Ammonb N and P appiied together in a 2.5 x 1.0 x 
Sdphate 12.5 cm band 

8 MAP Magaesium P applied as in treatment 3; Mg& and N 
Sdphate applied together as ouhed for N in 

treatment 3. 

9 MAP Magnesiwn Mg,S04 and P applied together in a row of 
Sdphate 3 spots 5 cm apart. 

10Y MAP h@nesium MgZS04 and P applied together in a 0.5 x 
Suiphate 0.5 x 12.5cm band. 

1 ly MAP Magaesiwn Mg2S04 and P apptied together in a 1.5 x 
Sdphate 1.0 x 12.5cm band. 

12Y MM? Magnesiun Mg& and P applied together in a 2.5 x 
Suiphte 1 .O x 12.5cm band, 

'The sucface of al1 fertilizer bands were centered 1-25 cm below and 1.25 cm beside the 
s d  row. 
Y The N source in these treatments was @JH,kS04 applied in a 0.5 x 0.5 x 12.5 an band 
to the opposite side of the seed row. 



id~izscm 
Tmatment 7,12 

Figure 3.2 Fertilizer band geometxïes and placement of P fertilizer relative to the seed 
row. 



3.4 Resalb and Discussion 

3.4.1 E f f i  of band gwmeûy and chemistq on fCrtiüar P uptake by whut and 
a m o h  - P ftrülizer appüed in sotution form 

The increases in radioactivity of the plants, with t h e  aRer seediag, are shown in 

figures 3.3 to 3 -6. The d u e s  plotted represent the averages of the Geiger-Muder suxvey 

meter readings for the tbrae repliates of each treatment, and are not corrected fOr 

radioactive decay. Correiation anaiysis showed a strong correlation b e e n  these 

readings taken just prior to final hantest and decay per minute r e g s  &om li@d 

scintillation comting of the digested plant tissue artracts (Table 3.4), iadicaîhg that the 

measuremems made with the Geiger-MueUer survey metre were a good estimate of 

fertiiùer P uptake. 

Table 3 -4 Correlation aaaiysis of Geiger-Mueller survey meter readinp vs. d-ys per 
minute measured by liquid scintillation counting 

Test Crop Pearson Correlation Probability > [RI 
coe5cieut 

Wheat 

Canola 

Figures 3.3 and 3.5 show die &ect of band geometry on fertilirer P uptake 

patterns for treatments with MAP applied separately fiom the N source for wheat and 

canola, respecfNe1y- Figures 3.4 and 3.6 indicate the e&a ofsome ofthese same band 

geometries with dual bands of MAP with the N sources, for the two crops. 



*P-5cmSpchg + P-25cm Sprcing =P-NanowBaad 
P - 1 jcm Wide Band P - 2- Widt Band 

Figure 3.3 RadioactMty of wheat due to P uptake fiom labeiied MAP applied in Vanous 
band geometries. 

Figure 3.4 Radioactivity of wheat due to P uptake from labeiîed MAP dud bmded with 
either ammonium suiphate (A) or urea (U) in various band geometries. 
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*p-s~mspecmg + ~ - ~ s n i c m p  e p - ~ a r r i o ~ ~ d  * P - lScm Wide Band P - 25cm Wide Band 

Figure 3 -5 Radioactivity of canola due to P uptalce f?om labeited MAP applied in varbus 

Figure 3.6 Radioadvity of canola due to P uptake fiom labded MAP dual banded with 
either ammonium sulphate (A) or urea (U) in variow band geometries. 



Initiation off* P uptake by the wheaî and canola was not Hktd by 

treatment except with the MM-urea duaI bands. Uptake of P h m  the MAP-urea ciual 

bands during the seaihg stage appeared to be deiayed, particuiariy for the treatments with 

srnall areas or voIumes of soii fertilized which would restiiî in high c o n ~ * o n s  of 

fedizer in the reaction zone. The effect was more pronounced for canola than for whw- 

The delay in P uptake during the seedlùig stage nom duai MAP-Urea bands was also 

noted in previous studies by Beever (1987) and Eleten (1989). Howeva, the delays in 

those studies were longer in duration, due to a combination ofgmter distances between 

the fertiiizer band and the seed row and pater concentrations of fértiliza in the bands 

(Le. Higher rates of MAP aad urea were applied). These authors suggested that the 

additional delays in P uptake fiom dual MAP-Urea bands, as compareci to sepsrate 

applications placed a similar distance âom the seed cow, were the result of a lack ofroot 

penetration into the fertilizer band. Isensee and Walsh (1971) found that nitnte and 

ammonia in urea bands increased to toxic levels, and Passioura and WetseIaar (1972) 

indiateci that the initiai pH increase and r d t i n g  nitrite accumulation fiom the urea 

limited root growth to the periphery of the band up to 8 weeks d e r  seeding. 

Radioactivity of the wheat plants just pnor to West, with W and N banded 

separately, was greatest for the 2.5 cm wide continuous band. Application of urea to the 

MAP band (duai banded) did not increase uptake. However, dual baading MAP with 

ammonium sulphate increased radioadvity in piants above th of similar treatmetlfs with 

MAP and ammonium sulphate banded separately, with the exception of the m o w  

coatinuous band. There were no siguifiant diffecences in radioaaivity of the cauola 



treatments just pnor to harvest. However, dual banding of MAP and ammonium sulphate 

did increase the r a d i 0 8 C t i .  of the canola d u h g  the first 15 days a&r emergence. 

Table 3.5 shows the results of aoaEysis of pLnt tissue h m  the first cmp of wheat 

and canola In aii cases yield with MAP was greater than without MAP. Thae was littie 

or no difference in yield of wheat among treatments with MAP. However, canoIa yields 

decreased as a r d t  of dual banding MAP and urea, as compared to sunilar band 

geomeüies with MAP applied alone or with ammonium suipiutte, for aü but the nem>w 

cootinuous band. This trend was most sipiiiscant for the greatest area of application (2.5 

cm wide continuous band), and was most Wrely the r d t  of the initial delay in fertiluer P 

uptake- Total P concestfations in canola were d e c t e d  by the ffértüize treatments- 

Total P concentrations in wheat were not significantly difkrent among treatments with 

MAP. Wheat treated with MAP u d y  had lower P contents than wheat without MAP. . 

These differences were signincant in three instances. 

Generally, utilkation offertilizer P by the wheat crop increased with incrdg  

area of MAP application, though not si@cantiyy Both urea and ammonium sufphate 

tended to increase (not significantly) fertilizer P uptake when the MAP and N were dual 

banded in a 2-5 cm wide dual band. 

Canola utilized much pater  quaatities of fertiüter P than wheat. Generally uptake 

by canola was not greatly affêcted by band geometry and chemiw- However, applyiug 

MAP and N separately in the d e s t  area ofappücation (Treatment 3) r d t e d  in the 

greatest utüllation efficiency for canola. Uptake ftom narrow bands, however, appeared 

to be l e s  than &om other bands andlor spacings. Uptake of P with ma-MAP dual bands 



Table 3.5 Total dry weight, total P concentmtion and fértiluer P utilization efüciency of 
canoia aad wheat as affecteci by band geometry and dual banding with N (1st crop). 

Fertilizers BandGeomeüy h o l a  Wheaî Canola Wheat h o l a  Wheat 
---- - - 

1. (NE&XSO, alone Continuous 
m o w  band 

2. Urea alone Continuous 
narrow band 

3. MAP & @H&SO, Row of 3 spots 
appiied separately 5 an apart 

4. MAP & @H&S04 Row of 6 spots 
appiied separately 2.5 cm apart 

5.  M N  & (NH,hS04 Conikuous 
appiied separately narrow band 

6. MAP & (NH&SO4 Continuous 1.5 
applied separately x 12.5 cm band 

7. MAP & (NH&S04 Continuous 2.5 
applied separately x 12.5 cm band 

8. MAP & (M&hSO, Row of 3 spots 
duai appiied 5 cm apart 

9. MAP Br @E&kSO, Contimious 
dual appiied narrow band 

10. MAP & (NH&SO, Continuous 2.5 
dual applied x 12.5 cm band 

ll,MAP&Urea Row of 3 spots 
dual applied 5 cm apart 

12. MAP & Urea Continuous 
dual applied narrow band 

13, MAP & Urea Continuous 2.5 
dual applied x 12.5 cm band 

Standard Error 

3.9 e= 

3-9 e 

6.2 ab 

5.9 bcd 

5-8 bcd 

5-9 bcd 

6.2 ab 

6- 1 abc 

6.2 ab 

6-6 a 

5.5 cd 

5.8 bcd 

5.3 d 

2.80 a - 

2.69 ab - 

2-46 abc 65.0 a 16-0 ab 

2.33 ôc 58-8 ab 16.4 ab 

2.61abc 52.1 b 16.8 ab 

2.47 abc 62.7 a 16-4 ab 

2.3 1c 56.6 ab 17.9 ab 

2.44 abc 59.8 ab 16.2 ab 

2.57 abc 52.5 b 16.2 ab 

2.3 lc 55.9 ab 21.5 a 

2.30 c 59.2 ab 14.1 b 

2-51 abc 52.5 b 16.2 ab 

2.38 bc 59.9ab 18.8 ab 

' Values in columns with the same letter are aot sigdicantly different accordhg to 
Duncan' s Multiple Range Test (Alpha=.05). 



Table 3 -6 Total dry weight, total P concentration and fertilizer P utilitasion diciency of 
canola and wheat as atliected by band geomeay and duai banchg with N ( 2nd aop). 

Fertilizers Band Geometry Canola Wheat Canola Wheat Canoia Wheat 

Urea atone 

MAP W h S 0 4  
applied separaîely 

MAP & W&kSO4 
app lied separately 

MAP & W34hSO4 
applied separately 

MM m ) z s o ,  
applied separately 

& m h S 0 4  
applied separately 

WKkSO4 
dual applied 

MAp (NH,XSO, 
dual applied 

Continuou 0.7 ab' 
narrow band 

Continuous 0.5 b 
narrow band 

Row of3 spots 1.4 a 
5 cm apart 

Row of 6 spots 0.9 ab 
2.5 cm apart 

cootiauous 1.0 ab 
narrow band 

Continuous 1-5 x 1 .O ab 
12.5 cm band 

Continuous 2.5 x 1.2 ab 
12.5 cm band 

Row of 3 spots 1.2 ab 
5 cm apart 

Continuous 1.2 ab 
narrow band 

1.67 b 2-64 a - - 

1.66 b 2.95 a - 

1.71 ab 2.85 a 2.6 abc 2.5 ab 

1.95 ab 3.31 a 2.6 abc 2.6 ab 

2.10a 2-99a 1-9c 2.6ab 

1-95 ab 2.72 a 2.9 abc 2.6 ab 

1.76ab 3.04a 2.5 abc 1.7 b 

1.84ab 3.22a 3-0 ab 3.3 a 

1.94ab 3-11 a 2.7abc 1.8ab 

10. MAP & (NH&S04 Continuous 2.5 x 1.3 a 1.0 ab 1.99 ab 3.20 a 3.4 a 2.5 ab 
dual appiied 12.5 cm band 

I l .  MAP&Urea Row of 3 spots 0.7 ab 1.1 a 1-72 ab 2-79 a 2.0 bc 1.8 ab 
dual applied 5 cm apart 

12. MAP& Urea Continuous 1.0ab 0.9 ab 1.90ab 3.Ma 1.9bc 1-7ab 
dual appiied narrow band 

23. MAP& Urea Continuous2.5~ 0.8ab 1.1a 1.91ab 3.00a 2-4abc 2-8ab 
dual applied 12.5 cm band 

Standard Error 0.39 0.24 0.20 0.35 0-57 0.81 
' Values in colunms with the same letter are not sigaificantly Mer& according to 
Duncan' s Multiple Range Test (Alpha=. 05). 



was simüar to that with ammonium sulphateMAP dual bands. hial band@ MAP with N 

fertilizerreSuheduiPuptakesimilertothatwithseparatebands. 

Table 3.6 shows the results for the second crop (Le. aRer reseeding ofthe pots 

with no âisturbance of the bands). Yields were substaritiany lower tbaa fiom th first 

W e s t ,  partidarly for canola Total P concentcation in the plants was somewbat higher, 

due to the poorer overaii g r o d  Fati l iza P m o n  was drasticaily reduced for both 

the wheat and canola, indicating thaî uptake fiom the first b e s t  and M o n  reactions 

had depleted the leveis ofavaüable fertilizer P. There were very few signifiant differences 

among treatments in yield, P concentration or f e e r  P utllization, probably because the 

majority of the available P had been utüiwd by the first crop. 

The r d t s  of the preceâing studies with wheat and canola showed that responses 

to the treatments varied for the two crops. This was not entirely unexpected, since the 

two crops Vary considerably in both their recpkernents of P and th& ab@ to utilize 

appiied P. Canola has been shom to reçover a greater proportion of its P reqWrernent. 

during eady growth stages, while the P recovexy pattern of wheat is much more gradual 

over the growth cycle @acz et al., 1965). Another sigdicant ciifference between the two 

crops relates to associations with vesicuiar-arbuscular mychomzal (VW hgi, which 

can increase the volume ofsoii fkom wbch P is absorbed in addition to solubilin'ng it 

through acidification W e  wheat is able to take advantage ofthese VAM b g a i  

associations (Kucey, 1987), caaola does not n o d y  form symbiotic 8SSOCi8tions with 

VAM b g Ï  (Hrrel et al, 1978). Canola mstead compensates for b i s  by its abiiity to 

aciw its rhizosphere and increase the availability ofinorganic P (Grinsted et al., 1982; 



Hedley et al., 1982; Moorby et aL, 1985). Strong and Sopa (1974qb) showed -la to 

be more capable than wheat in adjuthg mot growth to dow m e r  plifbalion withlli a 

smaîi f- P nadon zone- The cauoia mots aiso showed a greater absorptive 

capacity for P than wheat mots, dowhg for more rapid uptake when tbey ewoULlfer a 

fertilizer P reaction zone. These differeaces may help explain some of the &Exences m 

trends observed for caaola and wheaî in the results ofthe studies outiined in this section- 

Saidies with cauola indicated that changes in area of fertilim application, and 

changes in the chemistry of the baod through dual bandhg of MAP with either ammonium 

suiphate or urea, were ineffective in i n d g  utilization of P âom applied MAP. This 

was in contrast to previous hdings by Beever (1987), who found that dual banding wiîh 

ammonium sulphate increased utilization of P h m  applied MAP. He suggested the 

increase was related to a combination of increased solubility of the P and the ammonium 

ion efiéct on biological b o a .  However, the fertüizer bands in his studies were placed 

much f d e r  fiom the seed row than those descriibed here, r d t i n g  in lengthier delays to 

initial fertilUer P uptake. The cauola mots in this study came into contact with the 

fertilizer P much quicker and were able to proLiferate in the fertilizer zone and scavenge 

the bands for fertIlizer P, resulting in l e s  opportunity for increased uptake due to 

increased root-fertilizer contacts. 

The resuits for wheat, however, showed some interesting trends. In this 

experiment uptake of applied P inaeased with increased area of appiication. Also, 

utilization of added P fkom dual bands of MAP and ammonium sulphate was greater than 

when added in separate bands. This was in agreement with previous fhdings by Beever 



(1987). These results indicate that the increase in uptake was probabIy due to a 

combination of increased root-fertilizer contact tesultmg h m  the kget m a  of 

application and increased availabiiity of the fériiüÿer P due to greater solubiiity aidlor 

other ammonium ion & i s  relating to root growth and physiology (Beevef, 1987). Urpa 

did not signüicantiy improve P utilization when dual banded with MAP, in contrast to 

results of previous studies (Beever, 1987). However, work by Flaten (1989) indicated that 

dual banding with urea ody enhanced P utilization sigmfieamly when the distance of the 

band exceeded 2.5 cm below and beside the seed row- 

3.4.2 Effcct of band geometry and cheiiisbg on fertîbr P upti le  by wheat - P 
fertilizer appüed in Tue g r a n l u  form 

Figures 3 -7 and 3 -8 represent the radioadvity of wheat plants with time, due to 

uptake of P fkom the labelled MAP. There was a strong correlation between readings 

taken just pnor to finai harvest with the Geiger-hilueiier cwvey metre and decays per 

minute readings obtained fkom liquid scintillation counthg of the digested plant tissue 

extracts (Table 3 -7). 

Table 3.7 Correlation analysis of Geiger-Muelier w e y  meter readings vs. decays per 
minute measured by scintillation countingg. 

Test Crop Pearson Correfation Probability > IR[ 
Co&cient 



Figure 3.7 indicates the &kct of band geometry on k t d k  P uptake patterns by 

wheat fiom treatmerits with MAP end amomnium sulpbate dual applied in hise gramilnr 

form, as compared to separate application. Figure 3.8 shows similar results for mial 

application of MAP and rnagnesium sdphate. 

Initiation of uptake occuned at a simïiar time for all treatments, and d y  uptake 

was M a r  until approximately 8 days after seeding. Pddioacfivity in plants fiom dual 

M M  and ammonium suiphte applicafion was greater than wah the N and P applied 

separately after about 10 days after seeding (Figure 3.7). The greatest uiteiisty r d t e d  

fiom the duai band of MAP and ammonium dphate wiîh the greatest sudce area of 

application (2.5 x 1.0 x 12.5 cm). Radioactivity h m  dual MAP and magaesium sulphate 

appiication was also pater than with the MAP appiied separately (Figure 3.8). The 

greatest intensity occameci nom the 1.5 x 1.0 x 12.5 cm band- However, both the &ect of 

band geometxy and the overall intensity with magnesium sulphate appeared to be less than 

for treamients with iltnmonium sulphate. 



Figure 3 -7 Radioactivity of wheat due to P uptake fEom labelled MAP in dual bands with 
ammonium dphate (A) in various band geometries. 

O 5 10 15 20 25 30 
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Figure 3.8 RadioactMty of wheat due to P uptake fkom labeiled MAP in duel bands with 
magnesiun suiphte (M) in various geometries. 



Table 3.8 shows the resuits of plant tissue 811511ysisysis In aU cases the addition of 

MAP inaeased yield. Yield wÏth MAP and ammonium suiphate applied in a dual band 

i n a d  with increased band size- Yield with dual application ofMAP and ammonium 

sulphate in the larger bmd widths was greater than yidd with MAP and ammouhm 

sulphate applied separately in very locaüzed spots. Th- was no dBhnce  in yield among 

the treatments to which magaesium sulphate was applied. Yield with duel application of 

MAP and magnesium sulphate tended to be Iowa than yield with MAP and ammonium 

sulphate dual applied. Total P concentration in the piant tissues with MAP was Iess than 

without MAP. The dBerence was sigdicant in most cases. This indiCateci that biological 

dilution occuc~ed with application of fértiüzer P. Utïlization of applied P with dual banded 

MAP and ammonium sufphate was significantiy greater than when these fatilizers wae 

added separately. hcreasing the surfàce area ofappiication of the dual bands appeared to 

M e r  increase utilization, though the differences were not signincant- Dual applications 

of MAP and magnesiun sulphate also improved utilhaîion of applied P as compareci to 

applying them separately, with the exception of the largest area of application 



Table 3.8 Total dry weight, total P concentdon and f- P Utilizasion efficiency of 
wheat as afEected by band geometry and fertüizer amedments. 

- - - - - - - - - - - - - - - - - - - - - 

Treatments TotalDry [TotaïP] F&P 
Wei& (g) (mg/,,) Utilitaton (%) 

Fertilizers Band Geometrf 

@W&SO, aione 

(NII,hSO4 & 
Mg2S0, 

& mw4 
appiied separately 

Mx' WhSO4 
duai applied 

& rnhS04 
dual applied 

Mx' rnkS04 
dual applied 

MAp & WKkS04 
dual applied 

MAP & Mg2S04 
applied separately 

MAP & M@04 
duai appii& 

0.5 x O S  x 12.5 cm band 
0-5 x 0-5 x 12-5 cm band 

Row of3 spots 5 cm 
ap* 
Rowof3 spots5cm 
a P a  
0.5 x 0-5 x 12.5 cm band 

1.5 x 1-0 x 12.5 cm band 

2.5 x 1-0 x 12.5 cm band 

Row of 3 spots 5 cm 
a P a  
Row of 3 spots 5 cm 
spart 

0.5 x 0.5 x l2,Scm band 

1-5 x 1.0 x 12.Scm band 

2.5 x 1-0 x 12.5cm band 

2.8 d e  
2.3 e 

3.7 cd 

4.5 abc 

4.7 ab 

4.9 a 

5.2 a 

4-7 ab 

4.4 abc 

4.6 abc 

4.6 abc 

3.9 bc 

1.57 ab 
1-64 a 

1-32 bc 

1.23 c 

1-14 c 

1.20 c 

1-16 c 

1.24 c 

1.37 abc 

1.34 bc 

1.34 bc 

1.35 bc 

Standard Error 0.53 O. 16 2.65 
The surface of ail fertiiizer bands was centered 1.25 cm below and b i d e  the seed row. 
Y In these treatments (NH,,LSO, was applied in a 0.5 x 0.5 x 12.5 cm band 1.25 cm below 
and to the opposite side of the seed row fiom the Mg.$04-MAP dual bands to provide 
adequate N. 
' Values in columns with the same letter are not significaotly different accordhg to 
Duncan's Muhiple Range Test (Aipha=.05). 



The resuhs of the second study codimed some of the hdings b m  the fhî study 

imrolving feriiliær sohition applications. The duaI banding of ammonium suiphate with the 

MAP again r d t e d  in greater utüitation of applïed P, as compareci to the N and P applied 

separately. Tbis was partiCulady tme for the hger band volumeses However, the 

e f f i e n e s s  of magriesium dphate, dual applied wah MAP, in Uiiproving the &cïency 

of  P utïlization was &O a very interesthg finding in this study. Whüe there is M e  direct 

evidence for wlry thos ocuured, previous research with other neutral d t s  may hold some 

dues. Work wah KCI has shown that its application in P fertiüwr bands can -y 

decrease P availabiüty, through desorption of exchangeable calcium which then can 

undergo precipitaîion with the sohble P fiom the fertilizer (Akinremi and Cho, 1993). 

However, Bouldin et ai. (1960) showed that addidan ofpotassium sulphate with 

monocaIcium phosphate reduced the precipication ofapplied P at the site of application to 

a greater extent than potassiun chioride. This appeared to resdt from precipitation of 

calcium with the suiphate, leaving l es  calcium available for precipitation with P. In the 

study reported herein the pots with magnesium dphate treatmeots a h  received 

ammonium suiphate as an N source- Therefore, the levels ofsulphate in these pots wodd 

have been quite higb, and this may at least pady expiain the eitècheness of the 

magnesium dphate in improvhg the P fèrtüiter use efficiency. 

3.5 Summvg and Condusions 

Studies were conducted utilinog cauola and wheat es test aops to investigate the 

e f f i s  of various band geometries and fertilizer sources on the efiiciency of P utilization 



fiom MAP. The band geometries mvohred ranged h m  t h  points of applicaîion spaced 

5 cm apart to a volume of 2.5 x 1.0 x 12.5 cm Fatiliza sources inciuding ammonium 

dphate, urea and magnesïum dphate were duel appfied with the MAP in s e v d  ofthese 

band geometries to determine th& di  on P utilitation and yiJd 

The canola crop was exfremely &cient at utüiPng P nOm MAP when applied in 

the srnailest area of application (three points 5 cm apart), resulting in uptalre of 65% ofthe 

applied P in the fïrst 27 days after seeding. The éf16ciency of use of P fiom MAP was not 

increased by dual banding with N or increasing the voiume o f  soi1 fertilized. 

For the wheat crop, increashg the area (or volume) ofsoil fertüized d t e d  in a 

smaii increase in P utilkation Urea was in&&e in improMng P uptake when duai 

applied with the MAP, apparentiy due to initial delays in uptake d t h g  fiom the toxic 

e f f i s  of ammonia or nitnte in the bands. These deiays were most pronound in bands 

with s m d  areas of apphcation, due to greater concentrations. Magnesium sulphate was 

effective in improving utilkation of appiied P, but not to the extent of dual appiications 

with ammonium suiphate. The most consistent trend noted in these trials was that the dual 

bands of ammonium sulphate and MAP consistently r d t e d  in the greatest fertüizer P use 

efficiency for wheat. 



4. EZFECT OF IJGNOSULFONATES ON UTllclZATION OF PHOSPHATE 
FROM M0NOAMM:ONIüM PHOSPHATE APPLIED IN SOLUTION 

Studies were undertaken to explore the & i s  of chemical modifications and 

fertiiizer band geometry on fertiker P uptake by wheat Various lignosulfonates -0, 

Ca-, and H-saturated) and ammonium sultate were tested as chemical amendmeutS. The 

lignosulfonates were applied to the bands in solution fo- as were the f e  sources. 

Treatments involved low rates oflignosulfonate applied to MAP bands, as well as 

lignosulfonate application in dual N-P bands. 

None ofthe forms of lignosulfonate had a positive &ect on fertüizer P uptake by 

wheat. This was true whether the MAP was applied separately fkom the N source or in a 

dual band with the ammonium sulphate. Utüizaîion of P was increased when ammonium 

d a t e  was added to the P fertilizer- The greatest fertilizer P use eflbiciency occurred f?om 

the application ofMAP, ammonium sulphate and ammonium lignosulfonate with the 

greatest area of application, most likely due to the greater levels ofthe amalonhm ion 

In recent years much research has been conducted with the aim of improving the 

utili7iition o f f m e r  phosphorus. Findings have indicated thaî geometxy aad ch* 



of f i e r  bands have a signincant &ixt on the uptake of fatiüar P by some crops. 

Previous studies indiateci that utüization of appiied phosphoms by wheat was afkted by 

aspects ofband gemmetry hvohring both the area and UIifoniiay of application within the 

fertiiizer band (Section 3). UtilÜation offértitizer phosphonis was aiso a%èctd by 

chernid modification of the bands. For example, application of ammonium sulphate with 

monoammonium phosphate (MAP) inaeased phosphorus fatiliza utîktion. These 

resuits sparked curiosity about other pot& chemicai m ~ c a t i o n s  and th& interaction 

with different band geometries. 

Work by Xie et al. (1991) indicated that calcium lignosulfonate incmsed total P 

retention in soi1 through inaeased soü solution Ca" concentration resuitiiig in Ca-P 

precipitation, probably as hydroqapâtite. In contrast, ammonium ligwsulfonate reduced 

P retention through cornpetition for adsorption sites between bgnosulfonate and phosphate 

ions. Subsequent work by Russell et al. (1991) indicated that ammonium ügnosulfonate 

improved P uptake by corn fiom applied triple superphosphatee These increases were 

obtained utüiDng very high rates of lignosulfomte (4350 kg ha-'). It was postuiated that 

lignosulfonate may inaease fértilizer P uptake, at much lower rates of Iignosulfonate 

application, ifthe iignosulfonate was added to the micro region off- granules. Thus 

a study was undertaken to detemine the ef€èct on P uptake by wheat of several foniis of 

Iignosulfonete, appiied at a rate of 15 kg ha-' direstly to the micro region of MAP 

application, alone or in conjunctïon with ammonium sulfjite. 



4 3  ibhteciaîs and Metboâs 

A growth chamber experiment using wheat (Trin'cultl uesfivirnr ver. Katepwa) as a 

test crop was conducteci to study the 8 k c t  oflignosdfbnate and ammonium dpbate on 

uptake of P fiom applied rnonoammonntoi phosphate (MAP). The soil selected for study 

was a calcareous silty clay loam soi1 sllriikr to thaS describeci in Table 3.1 (Section 3). Its 

characteristics included a 8favimetric field capacity of32%, pH of 7.9, sodium bicarbonate 

extractable P content ofapproximtely 4.5 pg and a cation exchange domirirrted by 

calcium. The soil was taken fkom the surfkce 15 to 20 cm ofthe profile, passed through a 

sieve with openings of 1.5 x 3 -5 cm, d ai r  d r i d  1t was then thoroughiy k e d ,  and 

2500 gram portions of soi1 placeci into 3.5 L pots. The top 2.5 an of soil in each pot was 

removed, the remainiog soi1 watered to field capacity, and the f e  and Iignosulfonate 

treatments applied to the exposed sdàce. 

MAP, labelleci with the radioisotope 9, and ammonium suEste were used as the 

sources of P and N, respectively, at rates equivalent to 7.5 kg P ha-' and 50 kg N ha-' (area 

bais). The MAP solution was labellecl with 37 MBq of fZP as H$û, in 0.02N HCI, such 

that it received 2.96 x IO4 Bq mg-' 3'P. Calciuai-, ammonium-, and hydrogen-saturateci 

lignosulfonate were included as chemicai amendments. The calcium lignosulfonate (CaLS) 

was Lignosite 50 (Imperid OJ Chemicals Division) containing approxhately 2.5% 

calcium available for exchange. Ammoniated and hydrogenated forms were pnpared fkom 

the CaLS by passing it through a cation exchange resin saturated with either NH,+, or El?, 

respectively. Table 4.1 indicates the efficiency of archange basexi on d y s i s  of 

exchangeable calcium. 



Table 4.1 Analysis of lignosulfonate sources for efficiency of exchange and pH 

Exchangeable Ion Exchange LignosuIfonate 
Ca++ (mg/mi) (% of Ca" remaved) pH M i n g  

Calcium Lignosulformte 21-0 - 5-4 

Ammonium Liguosulfonate 3 -63 82-7 5.5 

Hydrogen Lignosulfonate 0.03 99-8 O, 1 

AU ofthe fertilizers and ügnosulfonates were applied to the bands in solution fom 

There were three replicates of fourteen treatments in the study (Table 4.2 and Figure 4.1). 

Mer application ofthe fertilizer and Lignosulfonates, one-haifof the mii which had 

been previousiy removed fkom the pots was replaced, a row of twelve seeds placed dong 

the centre of the pots, and the remaining soi1 repIaced- The pots were then watered to 

field capacity, placed in the growth cbamber in a completely randomized design, and 

watered to field capacity every 2 to 3 days. Day length was mthtaiaed at 16 how, with a 

temperature and humidity of approximately 23 OC and 6û?/o, reqedvely. Mght 

temperature and humidity were approxhately 14°C and 8P?, respectively. Piant densïty 

was thinned to 8 plants pot-L on the 8th day d e r  emergence. 



Table 4.2 Description of treatments. 

None 

MAP 

MAP 

MAP 

MAP 

MAP 

MAP 

MAP 

MAP 

MAI? 

MAP 

MAP 

MAP 

w 

Ammoaium 
Suiphate 

Amrnonnim 
Sulphate 

Ammonium 
Sulphate 

Ammonium 
Sulphate 

Ammonium 
Sulphate 

Ammoaium 
Suiphate 

Ammonium 
Sulphate 

Ammonium 
Suiphate 

Ammoaium 
Suiphate 

Ammonium 
Sdphate 

Ammonnim 
Suiphate 

Ammonium 
Sulphate 

Ammoaium 
Suiphate 

Ammoniwn 

Cdcium 
Lignosulfonate 

Ammonium 
Lignosulfonate 

Hydrogen 
Lignosulfooate 

Calcium 
Lignosulfonate 

Ammoniwn 
Lignosulfonate 

Hydrogen 
Lignosulfonate 

Calcium 
Lignosulfonate 

Ammonium 
Lignosulfonaîe 

Hydrogen 

N applied a a row of3 spots 5 cm apart- 

P applied as a row of3 spots 5 an apm 

P appiied in a 2-5 cm wide continuous 
bandt 

N and P appiied together as a row of3 
spots 5 cm aparL 

N and P applied t o g k  in a 2.5 cm wide 
continuous band. 

P and CaLS applied together as a row of 3 
spots 5 cm apart. 

P and m L S  applied together as a row of 
3 spots 5 mapart- 

P and HLS applied together as a row of 3 
spots 5 cm apaet. 
P and CaLS applied together in a 2.5 cm 
wide continuous band. 

P and m L S  applied together in a 2.5 cm 
wide continuous bard- 

P and HLS applied together in a 2.5 cm 
wide continuous band. 

P, N and CaLS applied together in a 2.5 
cm wide continuous band. 

P, N and m L S  appüed together in a 2.5 
cm wide continuous band. 

P, N and HLS applied togetber in a 2.5 cm 
wide continuous band. Sulphate Lignosulfonate - 

'Ni bands were centred 1.25 cm kfow and 1.25 cm beside the seed row. 
Y In these treatments the N was placed in a row of 3 spots 5 cm apart to the opposite side 
of the seed row fkom the MAP. 



Saad Raw 8011 Sunlto 

Saad Row 

~artlllrmr Band 
2.6 cm 

Figure 4.1 illustration of band geometries for treatments. 
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The plants were monitored for changes in doactivity resuitïng &om the uptake of 

P from the labded MAP using a hand held Geiger-Muder m e y  m e .  The average 

intensity, observed as the metre was moved slowiy over the plant tmrhes, was recordeci. 

Counts were not corce~fed for radioactive decay. The above gound plant mataial was 

harvested at 25 days d e r  emergettce, aiiowed to air dry for 1 day, and then oven bied at 

approximately 60°C for 3 days. The mas of the dry matter was meamreâ, and the 

samples ground using a Braun (Braun Canada Ltd, 110 &theson Blvd. W Suite 200, 

Mississauga, ON, L5R 3T4) AG Type KSMl coffi grinder. Plant tissue analysis was 

then conducted, includhg determination of total and feriilizer P uptake (Appeodix 1). 

Statistical anaiysis of results included ANOVA mean cornparison and condation 

procedures using the Statisticai Analysis System (SAS lostihite (Canada) Inc., BCE Place, 

Suite 2220, 18 1 Bay Street, P.O. Box 8 19, Toronto, ON, M5J 2T3). 

4.4 Results and Discussion 

The radioactivity of wheat plants, wbicli rdects the uptake of fertilizer P with tirne 

aiter seeding, is shown in figures 4.2 to 4.4. Correlation analysis between the radioectivity 

of the plants pnor to harvest and the r d t s  of liquid scintillation counting of the plant 

tissue extracts indicated these Geiger-Mueiier survey meter readings to be a good 

indication of- uptake (Table 4.3). 



Table 4.3 Correlation anaiysis ofGeiger-MtteUer survey mare readings W. d m  per 
minute m d  by scintillation coudng- 

Test Crop Pearson Correiation Probabiiity > IR[ 
Coeflticient 

* P-SmSpstciag P - 2 h  Wb Band * PÇAS-5~mSpacing ) BAS - 2 . h ~  W& Baicd 

Figure 4.2 Effect of band geometry and ammonium suiphte (AS) on P uptake fkom 
labeiled MAP by wheat. 



Figure 4.3 Efféct of band geometry and lignosulfonate (CLS, ALS, HLS=caicium, 
ammonium and hydrogen iignosulfonate, resp&e~~) on ~uptake fiom iabeiied 
MAP by wheat. 

O 5 10 15 20 25 30 
AITER SEEDING (DAYS) * P+CLS+AS-2Jcm Wide Bnnd * P+ALS+AS-9Ccm Wtde Baad 

E'+fILS+ASI25cm Wide Band 

Figure 4.4 Effect of band geometty, ammonium sulphate (AS) and lignosulfonate (CLS, 
ALS, HLS=caicium, ammonium and hydrogen Iigmsulfonate, respeaively) on P 
uptake &om labeiied MAP by wheat. 
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The plauts in the treatments imrolving ammonhm lignosulfonate with the greatest 

area of application showed the -est radioactivay among the lignosulfonate aatments. 

However, none ofthe Mous iignosulfonates incregsed f- P uptake as compared to 

similar treatments without lignosulfomte @igues 42 and 4.3). U ' o n  of fértiüzer P 

increased with increased area of application whm MAP was applied alone or in 

combination with ammonium sulpbatee Duai banding of ammonium dphate with the 

MAP also increased fertilizer P utiüzation for both band geometries (Fig. 4.2). 

Lignosulfonates usuaiiy had no efFect on P M o n ,  However, it was interesthg to note 

that the band of MAP, ammonium sulphate and ammonium iignosulfonate (ie. greatest 

ammonium application) and Iargest area of application resulted in the greatest uptake of 

applied P. 

In all cases yield with added P was greater than without P (Table 4.4). Generally, 

yields increased with inmeases in fertilizec P utilization Utilkation of fertüizer P increased 

slightly with increases in area of application when MAP was applied alone. Dual banding 

of ammonium sulfate with the MAP increaseû P utilization for both band geometries. 

None of the forms of lignodonate had a positive &ect on fénüuer P utiüzation, whether 

they were applied with MAP done or with MAP and ammonium suiphate. However, the 

band containhg MAP, ammonium dphate, and ammoniwn-saturated Iignosulfonate (and 

therefore the greatest tN&+]) resuited in the greatest utilization of applied P. This 

iadicates that the increases in P utilization were probably due to an ammonium ion &kt. 

The study reporteci hereîn with calcium-, ammonium-, and hyhgen-saturateci 

forms of lignosulfonate showed that there was no positive d i  on Utiüzation of applied P 



r d t i n g  âom application of low rates of iignosulfonates to MAP fktibr bands. 

Previous work (Russell et al,  1991; Xie et al., 1991) which showed tbat lignoffiiiates 

reduced the retention of P fiom applied diammonhm phosphate utüized high rates of 

lignosulfonate (846 kg id and 150 g kgg1 of soii, respectively). Tbey suggested that the 

main mechanism of reduced P retention was cornpetition between the lignosulfonate and 

phosphate ions for adsorption sites. It was hoped that the low rates of lignosulfo~lilte used 

in these studies, wtiich would be more practical for field applications, wodd be high 

enough to saturate the adsorption sites with lignosulfonaie in the micro region of MAP 

application, but they proved to be insuflEcient. Xie et al (1991) showed that caicium 

lignosulphonate increased Ca* concentration in the soil solution resulting in Ca-P 

precipitation which would offet any increase in P availabiiity. The hydrogen lignosulfonate 

source was extremely acidic, and may have Iimited root growth in bands containhg this 

amendment. The lack of response to the.ammonium lignosulfonate is more difFiCUIt to 

explain, but it may be due to the differences in the soils used in the studies. The 0 t h  

studies mentioned used an acidic soi1 (pH 5 3 ,  which had a lower lwel of srchangeable 

caicium than the soil used in this study. They showed that removal of native Ca* Eom the 

soil by reaction with ammonium lignosulfonate enabled the ammonium iignosulfonate to 

reduce P retention- In tbis study the combination ofbiglm levels of exchangeable Ca* 

and lower rates of ammonium 1ignosuEonste would probably lave some caicium available 

for precipitation with P in the soil solutiox~ 



Table 4.4 Total dry weight, total P concentdon and fertiliÿa P utilization eflEIciency of 
wheat as afkcted by band geometry and chernical amndments. 

Fert%zers Lignosulfonate Baud Geometry 

2. MAP&@E&)$O, 
applied separately 

3. MAP&(NH&S04 
applied separately 

4. MAP 8 t m x s o 4  

5. MAP 8r (NH,hS04 
6. MAP&@El,,hSO, 

applied separately 
7. MAP&(Ml,hS04 

applied separately 
8. MAP & (N&hS04 

applied separately 
9. MAF& @H&SO, 

applied separately 
10. MAP & (NH&S04 

applied separatdy 
11. MAP & (NH,kS04 

applied sepcuately 
12. MAP & (Enr,)$04 

13. MAP & (NH&S04 

14. MAJ? & ( M 4 X S 0 4  

None Row of 3 spots 5 1.3 g * 
mapart 

None Row of 3 spots 5 3.3 abcde 

None 2.5 x 12.5 cm band 3.5 abc 

None Row of 3 spots 5 
-aPm 

None 2.5 x 12.5 cm band 
Calcium Row of 3 spots 

Lignosuifonate 5 cm apart 
Ammonium Rowof3 spots 

Lignosulfonate 5 5 apart 
Hydrogen Row of 3 spots 

Lignosulfooate 5 cm apart 
Calcium 2.5x12.5cmband 

Lignosulfonate 
Ammonium 2.5 x 12.5 cm band 

Lignodouate 
Hydrogen 2.5 x 12.5 cm band 

Lignosuifonate 
Calcium 2.5 x 12-5 cm band 

Lignosulfonate 
Ammonnim 2 . 5 ~  12,Scmbaad 

LignosuEonate 
Hydrogen 2.5 x 12.5 cm band 

3.5 abc 

3.7 a 
2-7 ef 

2.6 f 

2.8 def 

3.0 cdef 

3.0 cdef 

2-9 cdef 

3 -6 ab 

3.7 a 

3.3 abcd 

- 
23-0 bcd 

25-8 abc 

28.8 a 

29-0 a 
19-0 de 

16.9 e 

21.1 d e  

21.5 cde 

22.9 bcd 

22.2 cd 

29-4 a 

30.0 a 

27.0 ab 
Lignosulfouate 

Standard Error 0.32 O. 18 2.52 
- 

Values in co1u.m~ with the same letter are not signifidy different 8ccording to 
Duncan's Multiple Range Test (Alpha=.05). 



4.5 S i i m n u g  and Coiidusions 

A study was conducteci to detenmine the ef%ct oforganic amendmcnts on the 

efficiency of P uptake nom applied MAP. The o@c compod chosen was 

iignosulfonate, a by-product of the dphite pulphg process. WMe other authors indicated 

this compound to be effective in improving uptake ofapplied P at high rates ofapplication, 

this study involveci lower rates of application which wodd be mon practicat under field 

conditions. The three lignosulfonate sources testcd had calcium, ammonium and hydrogen 

as accompanying cations, and were applied as solutïon and inwrporated directiy hto the 

micro region o f W  application 

None of the lignosulfonates souces incorporateci into the MAP bands were 

effective in improving P utiiization f?om applied MAP, when wmpared to similar bands 

with MAP applied alone. The low rates of lignosulfonate applied in this study appeared to 

be insufEicient to ailow adequate cornpetition between lignosulpaomîe and phosphate ions 

for adsorption sites. A h ,  the high level of exchangeable calcium in the soi1 used in this 

study may have been too great for the lignosu@onate to signiiidy reduce Ca-P 

precipitation 

This study did coafinn the trends ofprevious studies by showing that ammonium 

sulphate was effective in improving P uptake fiom applied MAP when the two were 

appiied as a dual applicatioa The largec areas ofapplicaîion appeared to provide better 

utilkation of applied P, though not sigdicantly greater then fiom smaller application 

areas. This trend was more pronounced for MAP and N applied separately than for the 

MAP and ammonium sulphate in dual bands. The 2.5 cm wide band o f W ,  ammonium 
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lignosulfonate and ammonium suiphate applied together resuited in the greatest utüizstion 

of applied P, but this was cleariy a response to the ammonium ion e f k t s .  



5. üTlLlZATION OF FERTlLFZER PHOSPHORUS FROM URGE BAND 
WIDTHS AND TEE INFLUENCE OF P APPLECATION RATE 

Studies with band widths of up to 15 cm were undertaken ushg 9 iabeiîed MAP 

to study fertüizer P utilization fkom baads such as those obtained with openers designed to 

give wide spread patterns. The phosphorus fertilizer was added in a mamer which 

simulateci granule application Interaction among band s k ,  dual bandhg ofP with urea 

and ammonium dphate and rate of P applied were also investigated. 

Increases in band width tended to slightly decrease fertilizer P utüization up to 15 

days after seeding for the treatments invotviilg MAP applied separately h m  the N source. 

By 29 days &er seeding this trend had disappeared for these treatments. Dual banding the 

MAP with ammonium sufphate increased P use efficiency ia ail cases by 29 days after 

seeding. Application of the ammonium sulfate in intimate contact with the MAP was more 

effective than a random distniution withh the band in increasing f- P uptake for the 

largest band width. Dual banding of the MAJ? with urea deaeased P uptake duriiig the 

eariy stages of growth (15 days after seeding), particuiariy for the n m w  bands. By 29 

days aRer seeding addition of urea to the P fertüiIer band had also increased the fertilizer 

use efficiency, as asmpared to the MAP and N applied separately. Trends were simiiar for 

both rates of P application. Yied of dry matter reflected trends in fiortilizer P utilization. 



5.2 Introduction 

Most P fértihzer nsearch has involveci fertiliar placed with the seed in rei&veiy 

narrow bands or placed in n m w  bands with nrtrogen f* sowces (duai bimdiog) 

prior to planting. Duai bandhg bas beea shown to in- f;atiüm P utüizaton et lata 

stages of growth but can delay uptake duriag the seedling stage due to high sait d o r  

ammonia concentrations within the band @eever, 1987; Flaten, 1989). Pmrious studies 

indicated that the uptake of P eom applied MAP fértüizer bands increased when the band 

width (or a r a  of soil fertilized) was increased (Sections 3 and 4). However, the prevïous 

studies ody induded band widths up to approximately 2.5 cm. Fatüinog with air seeders 

with openers designed to gbe wider spread patterns can resuh in very wide band widths 

and greater scattering of the fertüizer granules, which Win affèct root-fertilizer contact, sait 

andor amnonia coacentrations within the band, and thedore uptake of fertiüIer P. 

Studies were cmduaed to determine the efféct of band width, dual banding, and rate of P 

application on fertilizer P uptake using very wide band widths. 

5.3 Materiais and Mtthods 

5.3.1 Fertilïzet P Uptake by Wheat as Mkcted by Veq Large Band Widths and 
Duaï Baadhg wïth N 

This mdy was conducteci to determine the effèct ofvery large band widths, such 

as those associateci with air seeder applications, on uptake of applied P. The possicbiiity of 

improving uptake fiom these wider bands through dual application of P with urea or 

ammonium sulfate was aIso investigated. A silty clay loam soil was used for the study 

(Table 5.1). The soi1 was collecteci fiom the surfàce (approhtely 15 to 20 cm), sieved 
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Table 5.1 Some chemid and physiCcal characteristics ofthe d 

Soil Classification C d c  Regos01 

soil Assoclati 
L - on 

SoiI Texture 

Gravimetric field capacity 
NaEICO, e>brectable P 
Inorgauic Carbon 
Exchangeable Cations: 
Ca* 
Mg" 
K* 
Na* 

Riverdale Association 
Sihy clay loam 

Electricai ConductMty 0-30 dS m" 
Wote: Detailed description of the soil analysis procedures is containeci in Appendix IL 

and air drïed, as descriied for the previous studies (Sections 3.3 and 4.3). 

An 1 1 kg portion of soil was placed into rectanguhr plastic pots measuring 

approximately 24 x 34 cm. The top 3.8 cm of soil was then removed, the remaming soil 

watered to field capacity, and the fertilizer appiied to the Surtàce. The f e r s  were 

applieci at rates of 8.7 kg P ha-' and 70 kg N ha-! The MAP was labeIIed with 37 MBq of 

as H3P04 in 0.02 N HCI, such thaî it receNed 1.37 x 10' Bq mg-' "P. The solution 

was dried at 35OC until the decrease in mass over a 24 hour period was l e s  than 0.001 g. 

The dry material was ground to a powder in a glass mortar and pestle. The treatments 

consisteci of 3 repiicates of 13 treatments, using wheat (Tritïcum aestïvum var. Katepwa) 

as a test crop (Table 5.2, Figure 5.1). 



Table 5.2 Fertilizer treatments. 

None 

MAI' 

MAP 

MAP 

MAP 

lMAP 

MAP 

M M  

MAP 

MAP 

MAP 

MAP 

MAP 

Ammonium 
Sulfite 

Ammonium 
S&e 

Ammonium 
S&te 

Urea 

Urea 

Urea 

Ammonium 
Sulfate 

Ammonium 
Sulfate 

Ammonium 
Sulfate 

Ammonium 
Sulfate 

N mond ïnto top 5cm of d 

P applied to nine spots 1.9 cm belm the seed 
row; N applied as descrjicbed in treatment 1. 

P applied to nine spots 1.9 cm ôelow the seed 
row; N applied as d e s c r i i  in treatment 1. 

P applied to nine spots 1.9 cm bdow the seed 
row; N applied as descnbed in treatment 1. 

P applied to as described above; N grantiies 
scattered randomly witbm the MAP band. 

P applied to as descr i i  above; N granuîes 
saittered randomiy withia the MAP band 

P applied to as d e s c n i  above; N grandes 
scattered randody withui the MAP band. 
P applied to as descn'bed above; N grandes 
scatterd randody withh the MAP band. 

P appiied to as d e s c r i i  above; N granules 
~catfered raadody withh the MAP band. 

P appiied to as describeci above; N grades 
scattered randomiy within the MAP band. 

P applied to as describeci above; N granules 
applied in direct contact with the P. 

P applied to as descri'bed above; N granuies 
applied in direct contact with the P. 

Ammonium 
Sulfate 

15.0 P appiied to as descnbed above; N granuies 
applied in direct contact with the P. - - 

?? was applied as O. 1945 g of powder split into 9 approximateIy equal portions, which 
were randomiy positioned within the band. 
YN in these treatments was mixed hto top 5 cm ofsoil to simulate broadcast incorporation 
(ie. N and P applied separately). 
"AU rates were caldated based on 20 cm row spacing, and wheat was Seeded at 27 
kemels pot? 
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Figure S. 1 Fertüuer band geometries. 



Soil equivalent to 1.9 cm depth was replaced and 27 kemels of wheat were 

randomly applied to a baud of identicai dimensions to tbaî of the fertüiza bard (ie. seeds 

were randomly ~caffered in band widths of2.5,7.5 or 15 cm to match fénilizer band 

widths of2-5,7.5 or 15 cm, respective1y)- The remabhg soii wgs then npiaceû- The 

pots were then watered to field capacity, placed in the growth chambers in a randoniized 

complete block design, and watered to field capacity every 2 to 3 days. The positions of 

the pots were chaoged on the days the piants were watered to help insure each received 

similar conditions of light, etc., throughout the course of the expairnent Day length, 

temperature and humidity were approximately 16 &ours, 23 "C and 6W, respective1y, 

while night temperature and humidity were approhte ly  14°C and 8096, respectively. 

Plant density was thinneci to 20 plants pot-' on the 8th day after ernergence. 

The piants were monitored for changes h radioactivity fiom ernergence to final 

harvest using a hand held Geiger-Mueller survey metre. The average intensity, observed 

as the metre was moved slowly over the plant SLIZfaces, was recotded. Counts were mt 

corrected for radioactive decay. The above ground plant material fiom 10 randomly 

selected plants in each pot was harvested at 15 days after Seedjllg. At 29 days after 

seeding the remaining plants were harvested. Sampies were aliowed to air dry for 1 day, 

and then oven dried at approximately 60°C for 3 days. The mass ofthe dry matter was 

measured, and the samp1es ground using a Braun coffee grinder. P h t  tissue anaiysis was 

then conducteci to detemine total and fertilizer P uptake (Appendix I). Statisticai adysis 

of resuhs included ANOVA, mean cornparison and correlation procedures ushg the 

Statistical Gnalysis Systern. 



5.3.2 Effeet of Band Width, Daai Bandhg and Phosphate Appüeiaon Rate on P 

The soi1 used for this shidy was simiiar to that used m the pmious study descnkd 

in this section, diffeting only slightly in miment values -le 5.3). The pots were set up 

as descrïbed for the previous study, and used the same band geometries (Figure 5.1). In 

contrast to treatments used in the previous study two rates ofMAP (-bdled with 9) 

were used and wea as an N source was ehinated. Treatments in which the MAP and 

ammonium sulphate were applied to the same spot cm direct contact) or randomly 

distriiuted in the fertilizer band were also included- The treatments are d e s c n i  in detail 

in Table 5.4. AU other procedures and analyses were conducted as described in the 

previous study. 

Table 5.3 Some chernical and physical characteristics of the soc 

Soil Asso~atioa 
Soil Texture 

Gravimetric field capacity 
Naco3 extractable P 

Exchangeable Cations: 
Ca* 
Mg* 
K" 
Na* 

Riverdale Association 
silty cIay loam 

Electrical ConductMty 0.37 dS m-1 
'Note: Detailed description of the soü analysis procedures is contained in Appendix II. 



Table 5.4 Fertüizer treatments for study of interactions among band widtb, dual banding 
and phosphate application rate. 

. . .  

Treatment MAP Rate Application Method 
# (kgP ha-L) 

N mked into the top 5 cm of soi1 

P appiied to 9 spots in a 2.5 x 30 cm band 1.9 cm bdow the 
seed band; N mixed into top 5 cm of soii 

P appüed to 9 spots in a 7.5 x 30 cm band 1.9 cm bdow the 
seed band; N màed into top 5 cm ofsoii 

P applied to 9 spots in a 15.0 x 30 cm band 1.9 cm below 
the seed band; N niored into top 5 cm o f  soi1 

P applied to 18 spots in a 2.5 x 30 cm band 1.9 an below 
the seed band; N mixed into top 5 cm of soil 

P applied to 18 spots in a 7.5 x 30 cm band 1.9 cm below 
the seed band; N mixed into top 5 cm of soil 

P appiied to 18 spots in a 15.0 x 30 cm band 1.9 an below 
the seed band; N mixeci into top 5 cm of soi1 

P applied to 9 spots in a 2.5 x 30 cm band 1.9 cm below the 
seed band; N applied directly to the same spots as the P. 

P applied to 9 spots in a 7.5 x 30 cm band 1.9 cm below the 
seed band; N applied directly to the same spots as the P. 

P applied to 9 spots in a 15.0 x 30 cm band 1.9 cm below 
the seed band; N applied directfy to the same spots as the P. 

P applied to 18 spots in a 2.5 x 30 cm band 1.9 cm below 
the seed band; N applied directiy to the same spots as the P. 

P applied to 18 spots in a 7.5 x 30 cm band 1.9 cm below 
the seed band; N applied directly to tht same spots as the P. 

P appiied to 18 spots in a 15.0 x 30 cm band 1.9 cm below 
the-& band; N applied directly to the same spots as the P. 

'P was applied as 0. 1945 g of powder split hto 9 (8.7 kg P ha?) or 18 (17.4 kg P Ml) 
approxhately quai  portions. 
W in these treatments was mixecl into top 5 cm of soi1 to simulate bcoadcast hcorporation 
(ie. N and P applied separately). 
'AU rates were caldated based on 20 cm row spacïng. Wheat seeded at 27 kemeis pot". 



Figures 5.2,5.3 and 5.4 represent the radioactMty of wheat piants as measufed 

with a Geiger-Mueller survey metre, which reflected the u p k e  of f i d k r  P with the 

after seeding. Correlation anaiysis between the radioadMty of the plaots prior to West 

and the resuhs of liquid scintillation counting ofthe plant tissue extracts indicated these 

Geiger-Muelier w e y  meter readings to be a good indication of? uptake (Table 5.5). 

Table 5.5 Correlation analysis of Geiger-Mueller sufvey metre readiigs vs. decays per 
minute measu~ed by scintillation countiflg for study oflarger band widths @oth 
b e s t  dates). 

Harvest Date Pearson Correlation ProbabiÜty > [RI 
@ays &er seeding) Coefficient 

15 0.90 0.0001 



Figure 5.2 P uptake ftom labeiied MAI? applied alone or dual banded with urea or 
ammonium suiphate (AS) in 2-5 cm wide bands (R=MAP & AS gtamrles both 
randomly Scatterd in the band; WMAP & AS piaced in direct contact). 

Figure 5.3 P uptake fiom labeiied MAP applied alone or dual banded with urea or 
ammonium suiphate (AS) in 7.5 cm wide bands (R=MAP & AS grandes both 
randomiy scatterd in the baad; D=MAP & AS placed in direct contact). 



Figure 5.4 P uptake nom labeiied MAP applied alone or duai banded with urea or 
ammonium dphate (AS) in 15 cm wide bands (R=MAP & AS grades both 
randomiy scattered in the band; D=W & AS placed in direct contact). 

The application of N to the MAP bands had a signikant &kt on the pattern of 

fertilizer P uptake. There was a slight delay in initiation of fertilizer P uptake when urea 

was applied with the MAP, as compared to the MAP applied separaîeiy fiom the N 

source, for the 2.5 and 7.5 cm wide bands. The rate of uptake of fertiliza P by the plants 

in the MAP-urea duai bands was considerably less tban that for the MAP appiied 

separately untii approxmiately 17 days after seeding, for ai i  band widths. Dual applications 

of MAP and ammonium sulfate increased fertilizer P uptake above that with MAP alme 

for aii band widths. 

Band width appeared to have relatively littie effect on the rate of fértüizer P uptake 

by plants in treatments where MAP aad N were applied separately. However, uptake of  

fertiiizer P by the plants for treatments Unrolving duat applications of N and MAP 
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decreased with inaeasing band widths. Uptake ofapplied P b m  randomty distributed 

MAPandammoniwasulfjYewassimilartodiatwithMAPaodenmio~dphatem 

direct contact when the band width was 2.5 cm Howews, application ofthe ammonium 

sulfate and MAP in imimate contact resuhed in improved fértiluer P uptake over a mdom 

distniution with band widths of 7.5 and 15 cm, 

Tables 5.6 and 5.7 represent the resuits of d y s i s  ofwheat h u e  fiom piants 

harvested at 15 and 29 &YS after seediug, respeaively~ Yield, 15 days a f k  Seeding wah 

MAP was greater thaa without except for the yidd fiom the 2.5 cm wide dud band of 

MAP and urea (Table 5.6). However, ody the MAP and ammonium dphate applied 

separately produced a significantly greater yield than the treatment with only ammonium 

sulphate. Total P concentration in the plants inaeased signincantiy with the addition of 

MAP. The application of ammonium sulphate with the MAP increased total P 

concentration over that of plants with MAI? applied alone, for simüar band widths, 

although the difference was only sïgnincant for the 7.5 cm wide baad. The application of 

urea to the MAP band had Little or no eEect on P concentration F e d b r  use e£ûciency 

for the MAP fiom dual application of ammonium sulphate and MAP was simüar to MAP 

applied alone for the 2.5 an band width. However, utilization of fertilizer P was &@y 

greater for the ammonium sulphate and MAP applied in direct contact for band widths of 

7.5 and 15 cm (not sigaificantiy) than for the N and P randomly distriiuted wiuiin the 

b a r d  Urea had a negative e f f i  on fertilizer use efficïency of MAP at al1 band widths, 

with the most siecant reduction occurrllig with the 2.5 cm wide band. 



Table 5.6 Total dry weighî, total P concentration and fértilim P utitization of wheat as 
affècted by band width and dual bandkg wÏth N (@.kt harvest). 

Fertilizers Band k m e t r y  

1. M~so, &ne N maed into top 5cm 0.52 W 1.23 d - 

2. MAP&(?W,)$O, 
appiied separately 

3. MAP & (NH,hS04 
applied separately 

4. MAP&(N&hSO, 
applied separately 

5. MAP&Urea 
duai appiiedz 

6. MAP &Urea 
duai appliedz 

7. MAP & Urea 
dual appliedz 

8. MAP & (NH,XSO, 
duai appiiedz 

9. MAP & @H&S04 
duai appiiedz 

IO. MAP & @H,&SO, 
dual appiied* 

11. MAP +@lH&SO4 
in direct contact Y 

12- MAP + (MI,XS04 
in direct contact Y 

13. MAP + (NH4)#04 
in direct contact Y 

of soil- 
P in 2-3 x 30 cm band; 

N applied es in #1- 
P in 7-5 x 30 cm band; 
N applied as in #1. 

Pi.n15x3Ocmbaud; 
N applied as in #1. 
P and N in 2.5 x 30 

cm band . 
P a n d N h 7 . 5 ~ 3 0  

cm band . 
PandNinlSx30cm 

band, 
P and N in 2.5 x 30 

cm band - 
P a n d N i n 7 . 5 ~ 3 0  

cm band- 
PandNh15x30cm 

band. 
PmdNin2.5 x3O 

cm band . 
P a n d N i n 7 . 5 ~ 3 0  

cm band- 
PandNinl5x30cm 

band. 

0-85 a 

0-79 ab 

0.75 abc 

0-49 c 

0.66 abc 

0.58 abc 

0-69 abc 

0-75 abc 

0.70 abc 

0.74 abc 

0.76 ab 

0.78 ab 

3.59 abc 

3.28 c 

3-08 c 

3.03 c 

3-15 G 

3.20 c 

4.08 a 

3-52 bc 

3 -24 c 

3.96 ab 

3.95 ab 

3.51 bc 

5.27 ab 

4.40 abcd 

3-43 abcd 

2-33 d 

3-33 bai 

2.93 cd 

5-07 ab 

4.40 abcd 

3 -40 bcd 

4-87 abc 

5-53 a 

4.33 abcd 

Standard Error O. 14 0.29 1.07 
T was positioned randomly within the band, then the N granules were randomiy 
distributeci within the same band, 
YP and N in these treatmems were applied to the same randody positioned spots within 
the band (in direct contact). 
Values in columas wah the same tetter are not siBnificantly difkent accordhg to 
Duncan's Multiple Range Test (Alpha=-O5). 



Table 5.7 Total dry weig&t, total P concentdon and f- P utilidon of wheat as 
afkcteà by band width and dual banding with N (Second harvest). 

r n k ,  
applied separately 

JMAP & (EnqkS04 
applied separately 

W k S 0 4  
applied separately 
MAP & Urea 
dual appliedz 
MAP & Urea 
duai appiïedz 
MAP & Urea 
dual appliedZ 
MAP & mxs04 
dual appiiedz 

& CWkSO4 
dual appiiedz 

10. MAP & (NHJ2S04 
dual applied' 

11. MAP+(NR,kSO, 
in direct contactY 

12. MAP + (NI&)2S04 
in direct contacty 

13. MAP+(NH,&S04 
in direct contactY 

N mixed into top 5cm 
of mil, 

P in 2-5 x 30 cm band; 
N applied as in #1. 

P in 7.5 x 30 cm band; 
N applied as in #1. 

Pia15~3Ocmband; 
N appiied as in #l. 

P&Nin2 .5x30cm 
band - 

P & N i n 7 S x 3 0 c m  
band - 

P&Nin15x30cm 
band. 

P&Nin2.5x30cm 
band. 

P&Nin7.5x30cm 
band. 

2-73 e 

5.55 cd 

5-49 cd 

5.25 d 

6.30 abc 

5.76 bcd 

5-50 cd 

6-87 a 

6.57 ab 

P & N i n I S x 3 0 c m  5-76bcd 1.95 ab 13.6 d e  
band - 

P & N i n 2 S x 3 0 c m  6.65ab 1.9 1ab 18.5 ab 
band, 

P & N in 7.5 x 30 cm 6-43 abc 1.94 ab 18-2 ab 
band, 

P&Nin15x30cm 6.23 abcd 1.89 ab 15-6 bcd 
band. 

Standard Error 0.52 0.20 1.51 
'P was positioned randomly witbin the band, then the N grandes were randomly 
distniuted within the same band. 
1 and N in these treatments were applied to the same randomly positioned spots within 
the band (m direct contact). 
Values in columns with the same letter are not s i s e i f i d y  Mirent accordhg to 
Duncany s Muhiple Range Test (Alpha=-05). 



Yield at 29 days after seediag with MAP was signïfïntly greater thaa without 

MAP in ali cases (Table 5.7). Generaliy, trends in yidd were a dection ofthe trends in 

utüization of P fiom the MAP. Inmashg band width tended to decrease yieid fpr siniilar 

fertilizer treatments. However, this trend was only signifiant for the ammonium suiphate- 

MAP duai bands in which the two fertilizers were candomiy distniuteâ. Dusl bandhg 

with nïtrogen i n d  yield in ail cases for similar band widths, but si@cant increases 

oniy occureci with ammonium sulphate applied in the narrower bands (2.5 and 7.5 cm 

wide). Concentration of P in the plants cbanged dramatidy between 15 and 29 days after 

seeding. Plants with the treatment with no M M  increased in total P concmtration, while 

the concentrations in the MAP fertiiized treatments declined substantially. As a result 

signifïcant differences between MAP treated and untreated piants were not evident et 29 

days after seeduig. Dual application of MAP and N sources increased utilkation of 

appiied P. The initial negative effécts ofurea duai banded with the MAP had been 

overcome by this stage and P uptake was significantly increasedeaSed Nevertheless, ammonium 

sulphate was still more e f f i e  (not si@-) than urea in improving P fertiüzer 

efficiency when dual appüed with the MAP. Application o f W  and ammonium suiphate 

in direct contact improved P utilization only siightly more tban a random distriution, and 

oniy for the 15 cm band. 

Dual bandùig with urea resulted in considersbly less fertüizer P uptake fiom 

appiied MAP than fiom similar applications of MAP and ammonium sulphate. Yield 

foliowed a nmüar, though less sigriificant trend. These Werences in response to dual 

banding f?om the two N sources apparentiy resulted fiom reductions in initial uptake of P 



fiom the ma-MM dual bands, particuIariy in the narrowa band widths. These hdiags 

were simiiar to those ofBeever (1987) and Flaten (1989). and are probabiy exphmed by 

high pH and N&-N concentrations in the bands with urea. These high conastrations 

muid be toxic to root growth near the application site (Colliver and Welch 1970). N i e  

accumulation, which is toxic to plant mots, is ais0 enhanceci by high concentdons of 

ammoniacal N and alkalule pH which can occur in urea ban& (Aleem and Alexander 1%0; 

Court et al. 1964), and may have been a contriiuting &or. By the seand h e s t  uptake 

rate with MAP and urea had inaeased above that of MAP aione, and fertüizer P m o n  

had increased siBnificantlyy This indicated that once nitrification had lowered the levels of 

ammonia and &te the urea si@cantly inaeased fertiluer P uptake rates, siniilar to the 

effect of dual banding with ammonium sulphate. 

5.4.2 Effeet of  Band Width, Duai Buiding and Phosphate Application Rate on P 

Figures 5.5 and 5.6 represent increases in radioactivity, resulting fiom 9 uptake 

by wheat with time after seeding, for P application rates o f  8.7 and 17.4 kg ML, 

respectively. Correlation analysis between the radioactivity ofthe plants prior to harvest 

and the r d t s  of liquid scintiiiation counting of the plant tissue extncts indicated these 

Geiger-Mueiier survey meter r d g s  to be a good indication of 9 uptalce (Table 5.8). 



Table 5.8 Correlation aaalysis of Geiger-Mueiler m e y  mtre reachg~ vs. d-ys per 
miaute measured by scintillaSion c o d g  for study of band widtb, dual beoding 
and phosphate application rate (80th &est dates). 

Harvest Date Pearson Correlation Probabiiity > IR1 
pays a f k  d g )  C d c i e a t  

15 0.9 1 0.000 1 

O 5 I O  15 20 25 30 
TIME AFTER SEEDING (DAYS) 

Figure 5.5 Fertilizer P uptalce fiom labeiled MAP applied at a rate of8.7 kg P ha-', alone 
or dual banded with ammonium dphate (AS). 



Figure 5 -6 Fertilizer P uptake fiom labeiieâ MAI? applied at a rate of  17.4 kg P hâL, alone 
or dual banded with ammonium suiphate (AS). 

Mation of uptake of  P fiom MAP occurred on the same day for d treatments. 

As expected, inmeashg the rate of MAP application resuited in inaeased P uptake for 

similar treatments- hcreased band widths decreased radioactivity ofthe plants whether 

the MAP was applied separately or dud applied with ammonium sulphate. For each ofthe 

P application rates the level of radioacfivity was greater fiom applications of ammonium 

sulphate and MAP appiieâ in direct contact than for the N and P applied separately. It is 

interesthg to note that fertilizer P uptake for the dual N-P band at a band width of 15 cm 

was equal to or above that with MAP and N applied separately but with the P in a narrow 

(2.5 cm) band, for both application rates @igures 5.5 and 5.6). 



Tables 5.9 and 5-10 indicate the resuits of tissue aiialysis ofplants harvested at 15 

and 29 days a f k  seeciing respeaRrely- MAP application increaseâ yield above the cormol 

in aii cases by 15 days after seedhg, but not aiways signifïdy. When MAP was applied 

separately fiom the ammonium suiphate the yieid only increased sipificantly for the bigh 

rate of application (17.4 kg P in the narrower band widths (2 J and 7.5 cm). In 

contrast, the application of the MAP in direct contact with the ammonium sulphate 

signincandy increased yield over that of the control for aü but the low MAP rate in the 

widest band width (1 5 cm). Both increased MAP rate and duai application with N 

increased yield for gmüar treatments, but none of the hcreases were signifie 

Application ofMAP increased the total P concentration in the piaut tissue at 15 days d e r  

seeding, but at 29 days after seeding no si@cant Merences among the treatments were 

noted. P concentration in the plants fiom the ntSt harvest generally increased with rate of 

P application and was greater with dual N-P application than with N and P separately 

applied. Band widïh had Little or no efféct on P concentration. Percent utilization ofthe 

applied P was similar for the two application rates. Percent utilkation was increased by 

duai application of the ammonium sulphate with the W. The magnitude of the &ist of 

dual banding decreased with increased P rate and increased band width. There was a sîight 

but not si@cant decline in fertilizer P utilization with increased band width. 

Dry matter yields, at 29 days d e r  seeding, showed a si@cant positive response 

to MAP in aLl cases. hcreasing the rate of P application and dual bandhg of MAP and 

ammonium suiphate in direct contact tended to increase yield, but the trends were not 

sigdicant. Concentrations of P in plants were similar for aii treatrnents. IncreaSmg 



Table 5.9 Total dry weight, total P concenfrafion and fëdizer P uptake and utilidon of 
wheat as & i e d  by band width and P rate ( F i i  harvest). 

Treatments TotaiDry[TotalP] FatüiarP FertilizerP 
Weight Uptake UtiliEation 

2.MAP(8.7kgha3 Pin2Sx30cmbaml; 0.66bc 3.90fg 1.93gh 3.7bcde 
& W k S O 4  N appiied as in #1. 

3. MAP(8.7 kg&') Pin7Sx30cmband; 0.62bc 4.58def 1.82gh 3.5 aie 
& N appiied as in #l. 

4.MAP(8.7kgha-9 PinlSx30cmbaud; 0.62bc 3.73g 1.58h 3.0 de 
(MZXSO4 N appiied as in #1. 

SW(17.4kgha'9 Pin2Sx3Ocmband; 0.77ab 5.31bcd 3.76bcd 3.6cde 
(NH,XSO4 N appiied as in #I. 

O.MAP(17.4kgha-') Pin7Sx30cmbgad; 0.74ab 5.21 d e  3.32cde 3.2 de 
(NH,)2so4 N appiied as in #1. 

7 W  (17.4 kg haL) P in 15 x 30 cm baud; 0.69 abc 4.85 de 2.69 dg 2.6 e 
& m w 0 4  Napplied as in#l. 

8. MAP(8.7kgba-') P&NinZSx30cm 0.73ab 4.78de 3.00def 5.7 a 
+ (w34hs4 band. 

9. MAP (8.7 kg ha") P & N in 7.5 x 30 cm 0.69 ab 4.95 de 2.73 defjg 5.2 ab 
+ (MZksO4 band . 

1 0 W  (8 -7 kg ha'') P & N in 15 x 30 cm 0.66 bc 4.49 ef 2.16 fgh 4.1 bcde 
+ W4kS04 band - 

1 1.MAP (17.4 kg hàl) P & N in 2.5 x 30 cm 0.91 a 5.85 abc 5.06 a 4.8 abc 
+ w34ks4 band. 

1 2 . W  (17.4 kg ha") P & N in 7.5 x 30 cm 0.79 ab 6.36 a 4.68 ab 4.5 abcd 
+ (MZXso4 band, 

13. MAP (17.4 kg ha-') P & N in 15 x 30 cm 0.76 ab 5.96 ab 4.16 abc 4.0 bcde 
+ (MZXso4 band . 

Standard Error 0.12 0-40 0.57 0.85 
V b  in coliunns with the same letter are not si@cantly ciiffiirent accordhg to 
Duncan's Multiple Range Test (Alpha=.OS). 
Y P and N in these treatments appiied to same locations (ie. in direct contact) within the 
fertilizet band. 



Table 5.10 Total dry weighs total P concentration a d  fabiliza P uptake and M o n  
of wheat as dfiected by band width aml P rate (Second hmst). 

~e&er~ Band ûeornetq? (8) 6Wk) (w) ph) 
1- (MZhso4 N mked into top 5cm 2.8 c' 2.25 a - - 

of soil. 
2. MAP(8.7kgb1) Pin2Sx30cmband; 5.3ab 1.93a 524 e 10.0 c 

(NII,kso4 N applieti as in #1. 
3. MAP(8.7kgha*') Pin7Sx30mband; 5.1b 2.23 a 5.59 e 10-7 c 

& W%LSO4 N applid as in #L 
4. MAP(8.7kgha-') Pin15x30cmbaad; 5.0b 2-17 a 5-48 e 10.5 c 

& W&LSQ N applied as in #1. 
S.MAP(17.4kgha-1) Pin2.5x30cmband; 6.0ab 2.46a 9.91bc 9.5 c 

& W h S O 4  N applied as in #1. 
6MAP (17-4 kg l d )  P in 7.5 x 30 an band; 6.3 ab 2.38 a 9-69 c 9.2 c 

& PWkSO4 N applieci as in #l . 
7.MAP(17.4kgk1) Pin15x30cmband; 6.6ab 2.36a 10.5bc 10-1 c 

WikSO4 N appüed as in #1. 
8Y. MAP(8.7kgha-L) PBrNin2.5~30cm 6.2ab 2.29a 8.94cd 17-1 a 

+ W34kso4 band . 
P. MAP (8.7 kg ha-') P & N in 7.5 x 30 cm 5.8 ab 2.27 a 7.86 d 15-0 b 

+ Wkso4 band. 
I(YMAP (8.7 kg ha") P &Nin 15 x 30 cm 5.9 ab 2.05 a 7-53 d 14-4 b 

+ W h S O 4  band. 
1 lY.MAP (17.4 kg ha") P & N in 2.5 x 30 cm 7.4 a 2-33 a 13.8 a 13.2 b 

+ WHtkSO4 band. 
12YnilAP (17.4 kg hd)  P & N Ï n  7.5 x 30 cm 7.0 ab 2.57 a 14-0 a 13.4 b 

+ WKkS04 band. 
IJMAP(17.4kgha-') P&Nin15x30cm 6-7ab 2.34a 11.5 b 11.0 c 

+ m h S 4  band. 
Standard Error 1.10 0.37 0.91 1.00 
Values in ~011111111~ widi the same letter are not sigoificantly Merent according to 
Duncan's Multiple Range Test (Alpha=-05). 
y P and N in these treatments applied to same locations Ce. in direct contact) within the 
fertilizer band, 



band width had liale &kt on fénilizer P uptake when the MAP was apptied alone. Slight 

decreases in fertilizer P uptake and utilkation efficïency were observed with i n c r d  

band width for the dual bands. Uptake off- P was greater with the bigher rate of 

application in ail cases. FdEciency off* P utdidon for MAP done was simiiar for 

the two rates of application. However, percent utilidon of fértilizer P was increased by 

application ofMAP and ammonium sulphate in direct coutact as compared to MAP and N 

applied separately. This &kt was less pronounced at the higher P application rate (17.4 

kg ha-'), although it was still singudicsitzf for aii but the 15 cm band width. 

Studies by Beever (1987) indicated that movement of P away fiom the site of MAP 

application was limited to between 2.75 and 0.75 cm for namal to alLaline a s .  Thus, 

for the lower application rates (8.7 kg P ML), it can be shown that the spheres off- 

P affkcted soil around the points of application did not overîap even for the narrow band 

width (2.5 cm). Thus, increasing the band width beyond 2.5 cm wouid not increase the 

area of fertiljzer affécted soiI, nor the surfisce area for fixation and precipitation reactions. 

Therefore, any reductions in P uptake were ükely related to reduced probability of root- 

fertilizer contact, or delayed initiai contact. These effects would also have been reduced 

by the relatively srna11 distance b e t w a  the seed row and fertilizer bauâ, and the similar 

dimensions and random distribution of seed in that seed row. Beever (1987) aiso showed 

increased movement of P fiom the site of application when the MAP was duel applied with 

N (particularly ammoaium sulphate). This helps to explain the greater P uptake with the 

dual bands as compared to the MAP applied alone. Increased continuity of fertüaer P 

affecteci soi1 in the narrower bands combinecl with ammonium ion &ects spmed large 



increases in P uptake. However, as band width increased less continuity combiioed with 

lowered concentration of N in the MAP ceaction zone, due to distribution of the N oves a 

greater ares would limit the effiecfiyeness of the dual bmding- Application ofthe N and P 

in direct contact offset this trend somewhat, but not SigdIcantly. 

5.5 Sliminug and Condusions 

Two growth chamber studies were conducted to determine the enéctS of rate of 

fedizer P application, duai bancihg of nitrogen and phosphate sources, and very large 

band widths on fertilU:er P utilkation In vivo monitoring of radioadMty ofthe plants and 

tissue analysis of plants harvested at 15 and 29 days after seedïng were used to assess 

effect on yieid, total P concentration and fertiZizer P utilization 

Dry matter yield was usualiy greater with MAP than wÏthout indicathg that the soil 

used was respomive to P fertiiization. As a resuit, trends in yield tended to reflect trends 

in fertüizer P utiiization Total P concentrations in the plants nom the two harvests 

indicated that initial P uptake was very rapid, and was signifidy increased by MAP 

additions. The smaller band widths resuited in greater P concentrations for ali but the 

MAP-urea dual bands. Dual banding with ammonium sulphate also initially increased plant 

P concentrations when compareci to the P and N applied separately. However, the rate of 

plant growth appeared to ex& the rate ofP uptake between 15 and 29 days after 

seeding for treatments receivhg MAP, and any significant ciifferences in total P 

concentration disappeared by the second harvesr. 

Increased band width appeared to have very üttle &éçt on fertilizer P utüization 



nom bands with MAP applied alone. Increasing the band width n i d  the distaace 

between application points for the MAP, but may not have increased the area of fertiliIer P 

affecteci soil to any great extent. hcreasing band width decreased uptake k m  duaI N-P 

bands with the exception of urea at 15 &YS after seeding. This wm most likely due to 

reduced concentration ofN in contact with the MAP, which appeared to lessen the 

benefits fiom ammonium ion effects, The most noteable observation in these studies was 

the fact that in ali cases fertilizer P utilizatioa was inaeased through dual banding of N and 

P at 29 days after seeding, as compareci to similar treatments with the N and P applied 

separately. A h ,  ammonium sulphate in direct contact with the MAP was more effective 

thm mndody distnïutsig these fertüizers as grandes in the same band, for wider band 

widths simüar to those produced by air seeder openers designed to give wide spread 

pattern. 



6. GENERAL DISCUSSION 

The studies reported herein assessed the effea oftwo main topics, band geometry 

and chemistry, on ef15ciency of P utilization h m  applied MAP. Wheat and canola were 

used as test aops. The aspects ofband geometry studied included both the size of the 

bands and the continuity of application within them The first three studies imroived band 

geometrïes ranghg fkom points of application spaced 5 cm apart to 2.5 cm wide 

continuous bands. The fertilizers were apptied in s01ution or very fine gratailar form. In 

the larger bands the fertilizer was spread as dormly throughout the band as possible- 

Chernical amendments introduced into these MAP bands included Pitrogen sources 

(ammonium sulphate and urea), mqpesium sulphate, and lignosulfonate with calcium, 

ammonium or hydrogen as accompanying cations. 

Two other studies, reported hereïn, involved much larger band widths, ranghg 

fiom 2.5 to 15 cm The MAP was applied within these bands as randomiy positioned 

portions of fine granular MM to simulate commercial granuiar MAP appiications. 

Granular urea or ammonium sulphate was scattered randomly within the bands to simulate 

a mechanical mixture of the N and P source (dual banding). Ammonium dphate was also 

applied directiy to the same spots as the MAI? to simulate a chemical mixture of the N and 

P fertüizer. 

The results using canola as a test aop in the first study indiateci that the canola 



was extremely &&nt at utiüzmg P b m  MAP apptied in the band wiih the d e s t  area 

ofappfication. These findmgs were in agreement with wo* by Stroog and S o m  

(1974qb) which indicated catlola to be much more efficient than wheat at Utümog 

fertilizer P applied to a small area in the soc due to gregter root p m ~ o n  and 

adsorptive capacity. Changes in band geornetry and dual banding with N were unabIe to 

enhsince fertüizer P use e c i e n c y  beyond this Id. This was in contrast to research by 

Beever (1987) which showed sipnincant increases in M o n  of P âom dual banding of 

MAP and ammonnim dphate. The difference in r d t s  is most likely explaineci by the 

greater distance of the bands in his studies corn the seed row, which would make the 

benefits of increased solubility and ammonium ion &&s more Mitical. 

Results obtained using wheat as a test crop were diffkrent than those obtained 

using canola Increasing the d a c e  area of f e  P application through increases in 

band width or volume incfeased the utilization of P nom MAP applied in solution or fine 

grands form, aithough w t  significantly- These increases in fertifizer P uptake were 

probably due to increased root-fertilizer contact (Eghbaü and Sander 1987), or increased 

probability o f  contact between the roots and MAP (Sleight et al. 1984). The fiid that this 

trend was not more pronounced may have resulted fkom the relatively smaU distance 

between the fertilizer band and the seed row used in these studies. Increasing the distance 

of P application fiom the seed row would decrease the probabiüty of root f e r  contact 

and reduce P uptake, malong the area of application more criticai (Eghbaü and Sander 

1989). 

Increasing band width beyond 2.5 cm for MAP distn'butions simiiar to commercial 



granuiar applications appeared to have M e  on the utilization &ciency of W 

applied alone. These r d &  may be explained by the th that movement of P f?om the 

point of MAI? application is vay limited in neutrai to allralige soils @eever 1987). As a 

r d t  the P reaaion wae formed around the points ofapplication were probably already 

independent of one another in the 2-5 cm wide band- This wodd mean that increasïng the 

band width would bave W e  &kt on the area ofP a8t'iécted d, and hence lïttie &ect on 

fixation reactions or root fertilizer contact. 

Incorporation ofligno&onate sources into the MAP bands had no e f k t  on 

fertiIizer P utüïzation, This was in contrast to previous findings (Xie et al 1991; Russeli et 

al. 199 l), which indicated that ammonium lignosulfonate could effectively compete wÏth 

phosphate ions for adsorption sites and improve P uptake- However, theif studies 

involveci acidic soh with lower levels of exchangeable calcium, and much higher rates of 

lignosulfonate application. The calcium levels in the soü used in the studies reporteci 

herein were probably too high for the lignosulfomte to signincantly reduce Ca-P 

precipitation However, incorporation of magnesiwn sulphate into MAP bands was 

effective in improving uptake of applied P. This may have r d t e d  fiom displacement of 

calcium into the soi1 solution foiiowed by precipitation of çalcium suiphites which would 

reduce the levels of  soluble calcium available for precipitation with phosphate. SStudies 

involving &S04 have indicated that potassium sulphate wouid be more & d v e  than KCl 

or KNO, in improving P availabiiity due to less precipitation of applied P at the point of 

application by similar mechanisms (Bouldin et al. 1960). 

The most consistent trend in these studies was the enhancement of P uptake fiom 



dual N-P bands as compared to shdar applications ofMAP applieâ separate fkom the N 

source. However, the two N sources did vluy in th& eiEdveaess, with pater inmases 

resuiting fkom duai bands of MAP and ammonium sulphaîe than h m  MAP-urea dual 

bands. The urea delayed fertüiza P uptake nom the dual bands iaWly, but this was 

generally ovemme by the final barvest of plant tissue (about 29 days d e r  seeding). 

These initial delays in uptake were likely the resuh of ammonia andor m e  toxicity 

preventing root growth into the bands (Coher and Welch 1970; Beever 1987; FIatea 

1989). The effiveness of ammonium dphate in improving P utilization i?om duai 

bands with MAP was probably the result ofincreased availabiiîty due to acidification of the 

reaction zone as weil as biological mechanhm related to the ammonium ion &ect 

(Section 2.3.3). 



7. SUMMARY AND CONCLUSIONS 

The studies reporîed herein were designed to assess the enéct ofa varïety of band 

geometries and chernid modifications to MAP fhtiber bands on P utibîïon and yield. 

Canola was found to be extremely efiicient in utüinog P fkom MAP appiied atone in bands 

with small zones of fertilizer application.. As a r d t ,  opportunities for improving f 6 e r  

P utilization by canola through modXcations to band geometry aod ch- appeend to 

be much more limiteci than for wheat. For this reason the rest of this summary deals with 

hdings involvhg wheat as a test crop. 

With regard to band geometry, iuaeasing the band width and contimuty of the 

application witbùi that band increased P uptake siightly fiom bands of MAP applied alone, 

for bands up to 2.5 cm wide. For d i s t n i o o s  similar to commercial granular applications, 

increasing the band width fkom 2.5 to 15 cm appeared to have Little efféct. It appeared 

that in this caicareous soi1 the limited mobility ofthe applied P resulted in discrete reaction 

zones around the simulateci granules in the 2.5 an wide bands. Hence, increasing band 

width beyond 2.5 cm did not increase the actual area o f f e r  P affecteci mil 

significaatly . 

The introduction of various Iignosulfonate sources into MAP bands bad no &éct 

on the uptake of fértilizer P. The lack of response was most Iürely due to insuffiCient 

cornpetition of  the tignosulfonate ions with the phosphate ions for adsorption sites, due to 



the iow rates o f  lignosulfonate application combiied with the high leveis ofexchangeable 

calcium in the soi1 available for precipitation with the appiied P. 

htroducing magnesium sulphate &O MAP bands was effective in improving 

fertibr P use e8nciency. This was probably the result ofdisplacement ofcalcium into the 

soü solution foliowed by precipitation of calcium sulphetes, making the calcium less 

avaiiable for precipitation with the applied P. 

The most consistent trends throughout the studies conducteci were the responses to 

dual banding o f N  sources with MAP, as compared to MAP and N applied separately in 

similar bands. In ai i  cases dual bancüng of MAP with urea d t e d  in an initial delay in 

uptake. The most iikely cause was poor root growth into the bands due to the build-up of 

high concentrations of arnmonia andlor nitrite in the band &om the initial inczease in pH 

associateci with urea hydrolysis. This initial dehy was followed by eahanced f e r  P 

uptake, resulting in similar or greater P utilization fiom the urea-MAP bands by 25 days 

after emergence. Dual banding h4AP with ammonium sulphate was also effective in 

improving utililntion of applied P. In aii cases ammonium suiphate was more effective in 

improving utilization of P fiom applied MAP than m a ,  due to the lack ofinitial delays in 

uptake. These positive effects on P uptake were ükely related to ammonium ion effkcts 

inciuding increased avaiiability and m o b i i  fiom acidification of the reaction zone through 

nitrification and biological effécts on root proliferation in the band and absorptive capacity 

of the roots. 

From these findings t appears tbat the greatest potentiai for improving fertiüzer P 

use efficiency from applied MAP may involve modifications to baad geometry combined 



with dual application with ammonium N sources. Future -ch wodd be re<luired to 

determine the optimum band geometry in taris ofthe cornbinaion ofami ofapplication 

and the disaributon of the P and N widnn that area, as aflkted by fbctors such as grsrnile 

or droplet size. The greatest oppominity for Unprovernent may involve bands placed 

greater distances fkom the seed row, such as when deep bading- Thae may aiso be some 

opportunity to enhance P uptalce through a chemicai mixture of N with MAP in bands with 

very wide spread patterns. 



Annual crops in westm Canada are fectilued with phosphorus krtilizer in granular 

or droplet form in m o w  bands with or near the seed, or piaced in wîde bands such as 

with air seeders equipped with openers gMng wide spread patterns. U ' o n  ofthe 

fermizer phosphorus is usuaily low, parCicuIariy for crops such as the cereak Studies 

were conducted with wheat and canoia, in which band geometry and chenktry were 

varied in an attempt to improve utilization of fertilizer phosphorus. 

The best method of phosphorus application for -la was granule application in a 

narrow band with or near the seed. Dual banding of phosphoms with nitrogen such as 

urea had an overall detrimentai effect. Duai banding of phosphorus with ammonium 

dphate was about as effective as phosphonis alone. 

The studies did show that utiiization offertilizer phosphoms by cereal crops muid 

be improved above present levels by altering the geometry and chemistry of the band. 

Increasing the band area or volume of soi1 fertilized increased utilization of fertilizer 

phosphoms. Plachg the phosphorus near the seed row in a band about 2.5 cm wide with 

the phosphorus wiiformly distributeci in the band was more effective than preseiit 

fertilization practices in which granules or droplets of fertilizer are placed in a narrow 

band. Applying ammonium sulphate with the phosphorus enhanaxi uptake of the fértiluer 

phosphoms. Applying the ammonium sulphate in direct contact (chernical mix) with the 



phosphonis feriiüzer was more &&%ive in hcseasiDg fertJiza phosphonas uptake thaa 

applying separate gramies ofMAP and ammonium dphate to the same band, for wida 

band widths. Field studies with cereal crops am needed to asoatein the beiiefits wbich 

could be obtained ifpresent f-on practices were aItered to those noted above. 
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10. APPENDICES 

L Details of Plant T ï e  Anilysis pro ce du^^ 

1) Nitri~perchtoric digestion of plant mat- 

A subsample ofapproxhakly 1 g of ground plant tissue was mas& to three decimal 

places and placed in a digestion tube- Five ml of concentrateci iiinic acid and 2.5 ml of 

concentratexi perchloric acid were added, and the samples aiiowed to pre-digest for at kast 

1 h. The digestion was then carried out ushg a Digestion System 40, 1006 Heating Unit, 

heated to approrcimateiy 230°C, umil the solution was pale ye4low to clear. The samples were 

ailowed to cool, and traiisferred quantitatively to 25 ml volumetric fiasks and brought to 

volume with deionized water. An aliquot of approximately 15 ml was then transferred to a 

20 ml scintillation vial and stored for ''P and 9 d y s i s .  

2) 9 determination. 

Radiation fiom 9 present in the samples was analysed by Liqyid Scintillation 

Counting using a Beckman Modei 7500 Liquid Scintiîiatïon Counter. The samples were 

prepared by mïxing 3 ml of sample with 7 mi of Bec- Ready Solv 8 cocktail in a 20 ml 

poiystyrene scintillation via1 which was then placed in the counter. A 0.1, 0.2, and 0.3 ml 

aiiquot of the originaI fertilizer solution, each mixed with 10 ml of scintillation q~cldail, was 

also d y s e d  in order to calculate the speciîïc actMty of the fertüizer solution. Usiag tbese 

values the total amount of tértilizer P uptake and the percent utilization were c a l a i e d  using 

the foiiowing equations: 



Fertilizer P uptake (mg)= [ ( ~ S ~ ~ P M ( S ~ ~ ~ ~ ~ I ~ ~ D P M ~ ~ ~ Y S A  ofMAPl1 x DMY 
M&s Digested 

Where: DPM = Decays per minute 

SA of MAP = Specinc ActMty of MAP soIution 

DMY = Dry matter yield for the sample 

Percent Utiüzation = Fe- P u d e  (mg) x 100 
Total P applied (mg) 

A 025 ml aliquot of the sample was diluted to 5 mi with deionized m e t .  A second 

dilution of0.25 ml in 10 ml deionized water was conducteci to bring the concentration ofP 

into the range of O to 1 .O ccg P dL. Concentration of "P in solution was then determined by 

the acid molybdate procedure as describeci by Murphy and Rüey (1962). Three saxnples of 

1 in 32 000 dihrtioa ofthe original f d e r  solution were also analysed for 31P for use in the 

calculation of specinc actMty of the fertilizer- 



IL De- of Soil Chemkd Andpis Procedum 

1) Phosphate det ermination, 

N m  actradable phosphorus was determineci as described by O h  et aL (1954). 

Phosphorus in so1ution was determined by the acid molyôâaîe procedure as d e s c r i i  by 

Murphy and RiIey (1%2). 

2) Exchangeable cations (Ca2+, M e  Na'. R) in bH,OAc extract determiaati 
* - 

On- 

The cations were extracteci fiom the soü by shaking with 1 M ammonium ausate 

extracthg solution for 1 hour, and the extract filtered through #1 filter paper. Appropriate 

dilutions were made, and 1.0 ml of 5% La0 solution added to the diluent to provide 

Lanthanum ions to reduce ionkation or interferences- Concentrations were determined on 

an IL-257 Atomic Absorption Spectrophotometer. 

3) Soi1 texture. 

The soi1 texture was determined by hand texturing methods. 

4) Field capacity determination. 

Feid capacity moisture cocitents were detemhed by placing a knom q d t y  of soil 

passed through a sïwe with 2.0 mm openhgs hto polyethylene cylhders and wettuig the soil 

sdace und the wetting h n t  reached approxïmately one third the depth of the soil. The 

cylinders were covered with parafilm to prevent evaporation fkom the mrke, and were 

allowed to eqdiirate for 2 days. A sample of moist soi1 was taken, weighed, and then oven 

dried at 110°C for 2 days. ûven dry weights were then mea~u~ed and the gravimettic field 

capacity moisture contents calculateci. 



5 )  Lnorganic carbon det- . . 
on, 

An 8 g sample of soii was mixed with 1 drop of n-octyi &ho1 in a French square 

bottle seaieci wïth a nibber stopper with a giass tube through the anter and a needle pmcture 

stopper sealirig the tube. A saatillabion via1 containhg 5 mi of KOH was attacheci to the giass 

tubes. Two blanks without soil were also includd F i  ml of air was removed ushg a 

hypodedc syringe through the rubber stopper. Samples were remteci with 20 mis of Z M  

HCl injecteci through the needle puncture stopper using a hypodermic syniige. The CO, 

produced was coilected in the 5 mls of  2M KOH in a 7 ml scintillation vial attached to the 

giass tube inside the seated bottie. AAer 16 - 20 hours at room temperature the scintilfaîion 

viai was removed, capped, and stored in a refngerator. A AO endpoint titration with 0. 1N 

HCl was conducted on the samples, with endpoints at pHs of 8.3 and 3.8, and the amount of 

HCl used to lower the pH fiom the nrst endpoint to the second was used to caldate the 

inorganic carbon content. 




