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ABSTRACT

The jnfluence of P additions and various methods of P applicatìon

on the maximum yi eì d of wheat was studi ed 'i n the f i el d , gnowth chamber"

and lysimeter expeniments.

The influence of sojl mojstune negìmes and P addit'ions on dry

matter yield and phosphorus denived from fertilìzer (Pdff) was investi-

gated j n a gr"owth chamber expen'iment. The effect of P addi t'ions and

waten supply on water use efficiency was also investigated'in the same

expen'iment. The I ow soi I rno j sture regìme neduced yi e'lds and Pdf f by

about twofold but had little effect on the shoot P concentrations. The

Pdff incneased with incnease in P additions in both hjgh and ]o* soil

mo'isture negimes, but a similar increase in dny matter yields was

observed only'in the hìgh moistune tneatment. Add'it'ions of P incneased

waten use efficiency s'ignificantly but the quantity of waten suppfied to

the plants did not affect the waten use efficiency.

Results fnom the field showed that maximum yield of wheat could be

obta j ned wi thout addi ng P i n so'il wi th med'ium to h'i gh I evel s of NaHCo3

extractable P. However, in sojls low jn NaHCO3 extnactable P, a con-

sjderable amount of broadcast P i s requi ned to obtai n the maximum

yìeld. The amount of broadcast P nequir^ed to obta'in maxjmum y'ields

could be reduced to one-half by banding an extra small amount of P with

the seed. Results from the soil low jn availab'le P, both in the field

and growth chamber studies jndìcated a reduct'ion of gnain ICu] to below

the crjtical level at the highest rates of P. In the growth chamber

expenìment, gra'in y'ie1d nesponded to low and medium nates of P w'ithout

'i'i



Cu added . A f urther" grai n yi eì d 'i ncrease at h'igher rates of P only

occur"ned when Cu was added to soì I .

The effect of depth of p'lacement of P on yieìds and uptakes was

studied in the growth chamber, ìysìmetens and field expeniments. The

nesults from the field and lysirneter" experiments ind'icated that 0-7.5 cm

and 0-15 cm depths of P incorporation were equally effective'in terms of

P availab'i1ìty to the plants. From the ìysìmeters the shallow pìacement

(up to 15 cm deep) was better than the i5-30 cm or 0-30 cm depths of P

placement. Unden controlled environment in the growth chamben howeven,

the 0-15 cm and 15-30 cm depths of P placement were equally effective in

terms of yìeld response to P.
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I
Chapter" 1

I NTRODUCTI ON

It is a common practìce for farmens to use phosphate in wheat pro-

duction as this element is deficient in most soils and wjthout adequate

supply maximum y'ie'lds can not be achieved. Yield responses to P have

been vaniable fnom year" to yean and from one place to another. The

quantity and methods of P application are partly responsib'le for such

vaniations, as P is less mobile jn soil and is readiìy fixed by sojl

constjtuents. Envi nonmental factors may also influence the yieìd

nesponses to P. So'il mo'istune in panticular plays an important role jn

influenc'ing yields. Low so'il mo'isture during the growing period may

result in low yields by affect'ing the supply of P to the plants. Low

so'il mo'isture may al so i nfl uence yields by af fecti ng the p'lant 'itsel f
monphol ogì caì ly and physi o1 ogi cal ìy ( Peter"s , 1957; Sal ìm et aì . , 1965) .

Agronomical practices such as deep incorponatjon of P which ensures that

P is p'laced 'into moisture where it is ava'ilable when moisture ìs

ìimiting at shallow depths have a'btracted attention of many researchers

for a long tjme. Results obta'ined w'ith th'is method so far ane

vaniable. Some researchens have neconded increases in yield due to this
method (Jamison and Thonntone, 1960; McEwen and Johnston, 1978) while

othens reported that deep i ncorponati on was i nferj or to shal I ow

app'lication of P (Phillips and Norman, 1967). More work is still
requ'ired to evaluate the benefit of thjs technìque.

Gnowth chamben, lysimeter and field experiments were undertaken to

determine ways under wh'ich maximum gnain yield could be atta'ined from P

fent'ilization. The detailed objectives of each study are gìven jn the

introductory remanks of each study.
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Chapter 2

LITERATURE REVIEl^l

A. Effect of P Def iciency jn t^Jheat

A primany effect of phosphate on autotrophic growth is the pno-

v'isìon of chem'ical energy pnoduced 'in the chìorop'last (!'Jaìker', 1980).

As numer"ous metabol i c pr"ocesses di nectly or i ndì rectly depend on th'is

energy supply, inadequate phosphate nutritìon may affect vanjous pro-

cesses including pnoteìn synthesis and synthesis of nucleic ac'ids.

Phosphate def ic'ient pl ants have netar"ded gnowth and I ow shoot/root

nat'ios. In cereals, tillering is r"educed (Mengel and Kìrby, 1982). The

net nesult of the above is that maximum yield can not be attained unless

the defìciency js corrected. In seed, phytin, an organ'ic phosphate sub-

stance senves as storage form of phosphate in seed and, on germìnatìon,

phosphorus fnom this acid, on its salts becomes available for phosphory-

I at'ion neactì ons j n the rnetabol i sm of the seedl 'ing (Ar"non, 1953) .

B. Effect of Soil Mo'isture Content on P,Uptake

Envinonmental factors such as temperatune and/or so'i1 mojstune can

i nf I uence phosphorus uptake by wheat and other cr"ops. Th'is can expl ai n

in part, the varjations in crop response to phosphorus fertiIizer" noted

from year to yean. Furguson (1964) analyzed data fon wheat grown on the

Canadian Pra'in'ies fnom 1936 to 1962 and noted that less than ?5% of the

var''i ati on i n cnop nesponse coul d be accounted for by measurements of

' avai I abl e phosphonus' by soj I analys'i s. The predi cti on of crop
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response to fert'ilizer phosphorus improved by inclusion of rainfall

data. Similar observatjons were made by Mack (1965), Vos et al. (1970),

Nutall et al. (1979), Modestus et al. (1980).

Soil mo'isture can ìnfluence the uptake of phosphorus by either

af fect'ing the supply of phosphorus to the p'lant (01sen et al . , 1961 ; Cho

et âl . , 1970 Hj na and S'i ngh, 1970) , and/or by affecti ng the pl ant

i tsel f fon exampl e , by ì nf 'l uenci ng root morpho'l ogy and physì oì ogy

(Peters, Ig57; Racz et al., 1964; Saljm et al., 1965).

0lsen et al. (tgOt) stud'ied phosphorus uptake by corn at various

soi I moi sture contents. Phosphonus uptake was found to be 'l i nearly

r"elated to the volumetric water content. They concluded that dìf fus'ion

of phosphor^us particularly when reduced by low soil water contents, was

a sì gni f j cant 1imì ti ng factolin pì ant phosphorus uptake, Some work

conducted by Boatwright et al. (1964) showed that wheat plants do not

absorb fert'il i zer phosphorus f rom dry soi I . Hi r^a and S'ingh (I977 ) al so

neported that phosphorus diffus'ion was a function of soil water content

apart f rom bul k dens'ity 
"

Soil waten content modjfies root distr''ibutìon in a major way"

Genera'l'ly, t oot growth i n dry soi I 'is restr"'icted. Racz et al . (1964)

stud j ed the ef fect of waten tens'ion on root d'istri but'ion of wheat grown

i n pots and found a greater root devel opment at al I depths for the

plants grown under low water tension. lloweven, â gneater pencentage of

roots of the h'igh1y stressed pl ants was found 'in the 0 to 5 cm I ayen.

peter"s (1957 ) noted a one hal f r educti on i n gr^owth rate of ma'ize roots

as the soil suct'ion incneased from a low value to B bar"s. The degree of

mo'isture stress seems to be a very 'irnportant factor i n determi ni ng the
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number and distribution of noots'in the profile. Unden condit'ions when

the surface soi I 'i s not di stunbed and i t i s protected from strong

evaporation fon example by mulch, the noots may develop right up to the

soil surface, (Pens. 0bserv.). Also, frequent 11ght showers of nain or

frequent irrigat'ion which keep the so'il sunface moist encounage shalIow

nootìng (Hurd,1964). Hurd (1968) studied the growth of noots of spring

wheat at high and low mo'istune levels. He found that roots of "Thatchen"

penetrated the so'il more qui ckly j n reì ati vely dr"y so'il ('low moi stune

level) than in wet so'il. I'lhen the so'il dried out in the surface 'layens,

root growth by "Thatcher" incneased'in the moist layer" just beìow.

Since most of the soil-ava'ilable phosphor"us is present in the sur-

face horizon and sjnce fentilizer P is often p'laced into sunface layens

of soi1, a manked r"eduction in root growth and distrjbution in such

'layers due to drought would severe'ly I imit phosphorus uptake f rom soil

and fertilizer.

Effect of Amount of P and Placement Method on the Avajlabil'ity of
Fent'i I'i zer Phosphorus

The efficiency of P-fent'ilizer can only be realized when right

amounts of fertjlizer P and proper method of applicatjon is employed.

The val ue of a soi I nutn'ient to a pl ant depends on 'its access'ibi I i ty to

the noots wh'ich'is consequen'Lly related to the mob'ility of the nutrients

'in the soil. Mobile nutnients, such as nitrogen, ane absorbed fnom the

total soi I vol ume contai ni ng the noots and nel ati vely i mmobj I e

nutrients, such as phosphorus, likely fnom a thjn layer of soil around

each root. Lewis and Quick (1967) reported that for wheat (Trit'icum

spp), the zone of phosphate depletjon around a single root extended only

c
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1 mm from the surface. Thus, placement of the right amount of fertilizen

in the soil in a position such that plants have a ready access to jt is

very impontant.

Phosphor"us Banded w'ith the Seed vs. Surface Appl i cation and
Incorporati on

It 'is wel I documented that band'ing phosphorus with the seed

'incneases the effjc'iency of P-uptake by the crops (Racz, 1980; Bullen et

al . , 1983) . Pl acement of phosphorus i n bands mj n'imi zes the contact

between so'i I and phosphorus ferti I i zer. Thi s decreases the rate of

fixation and a'ids in ma'intaining a high concentnation of phosphonus ìn

the vi cì ni ty of p'l ant noots. In contnast , mi xì ng the phosphot"us with

soil exposes the phosphonus to more soil and mone fixation resulting in

lowen phosphorus concentrat'ion than that achieved jn bands. Racz (i980)

i n Man'itoba , reported that band'i ng of phosphot'us ferti I i zer wi th the

seed was one of the most efficient means of P-application when the

amounts appìied wene not injurìous.

2. Phosphorus Banded Near the Seed

hJhen hi ghen I evel s of ferti I j zer P are used w'ith the i dea of

incneasing yie1d, band'ing of al1 fertilizer with the seed js not des'ired

as this nesults in seed and seed'lìng'injury (Nyborg and Henning, 1969;

Racz, 1980). 0ther methods of P appl icat'ion are usual 1y preferred.

This 'includes surface application and incorporation and banding P ferti-

I 'i zer" some di stance to the si de of the seed, bel ow the seed or to Lhe

side and below the seed. Cereals such as wheat and barley can tolerate

relativeìy high rates of P drilled with the seed. For wheat and barley

1
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as much as 44 kg P/ha could be placed w'ith the seed without causing seed

or" seedf ing injuny (Racz, 1980). However, genmination and emergence of

some crops ane reduced when large amounts of P fertilizen are applied

with the Seed. The same author found that for crops l'ike peas' sun-

flowens and rape seed, application of up to 9 kg P/ha with the seed

enhanced yieì d, but wìth nates over 15 kgP/ha yi e'lds wene reduced due to

seedl i ng ì nj uny. Shenr el et al . ( 1964) nepor"ted that ferti l i zen P

absorption by oats was greater from placement of P w'ith the seed than

fnom those to the sjde at all stages of growth when low rates were

used. However, at high rates of P placed up to 5 cm below the seed was

superì or to P w'ith the seed.

Sadler (1969) studied the effect of placement of phosphot"us away

fnom the seed on gnowth and uptake of sojI and fert'ilizer P by flax.

Fl ax responded signi fÍcantly to phosphorus p1 aced bel ow the seed as

opposed to s'ide banding. It was obsenved that to obtain the same yìe1d

it was necessary to place P-fentilizer no mone than 1.5 cm to the side

as compared to 1.5 to 3 cm below the seed. Studies w'ith soybean showed

phosphorus banded 5 cm bel ow and 5 cm away from the seed tatas I ess

effectjve compared to 2.5 cm below or away from the seed (Bullen et a'I.,

1e83).

3 " Deep Bandi nq of Ferti I'izer P

Deep banding of P method would be particular'1y important durìng

the dry growing Seasons where plant roots have to go deep down to draw

water fon thein use (Hurd,1968). This would mean that mone r"oots will

pro'l i ferate i n the subsoi I i n response to water. Even 'if some noots
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nema j ned 'in the top soi I , absot pti on of P by these roots m'ight be

sevenely I'imited by I ow so'il moi sture content of the sunface soi I . The

effect, of low sojl moìsture on the absorptìon of P by corn and wheat was

observed by 0ìsen et al . (1961) and Boatwr"ight et aì. (1964) nespectìve-

1y. Thus the absorpt'ion of broadcast phosphorus f rom or P 'i n shal I ow

bands wjth or beside the seed, may be neduced companed to deep banded

phosphorus. Jamison and Thorntone (1960) workjng with corn and alfalfa

found subsoiling and fertilization with triple super phosphate in the

subsojler clefts gave sìgnìficant yield increases. However, Larson et

al. (i960) observed that subsoì'ling to the depth of 40 and 60 cm in Iowa

soi I s, togethen w'i th fertj I j zatì on at these depths, were not as

ef fect'ive as fert'il i zer pì oughed under i n the case of conn. Moore et

al. (1968) also found that drilìing P fertilizer to a depth of 7.6 to

I0 .2 cm resul ted j n I owen d r"y matter yì e1 ds and I ower percentages of

phosphorus as compared with surf ace app'l i cat'ion on two Nebraska sub-

irrigated meadows. These nesults are var"iable and may be due'in part,

to d'ifferences'in noot monphology of the crop under considenation and to

variable envinonmental condit'ions. Environmental condit'ions can

i nfl uence the avaj I abi 1 ity of ferti I i zet' P pì aced at the shal I ow on

deeper depths (discussed under sectjon B).

The'influence of root monphology on the uptake of fertilizer P was

stud'ied by Page and Genwitz (1969) with lettuce and carrots. They

examined crop uptake of labelled phosphates applied at different so'il

depths, and found that lettuce took up phosphate mainly from the uppen

soil 'layer (0 to 8 cm), whereas carrots absorbed an appnecìable pro-

por"tìon fnom the 30 to 40 cm depth.
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4. P Deep -Banded t,'Ji th N'itrogen

Stud'ies conducted in many areas over a numben of years jndicate

that N and P banded together had a greater effect on yìeld than N and P

banded separately (Millen and Vìi, !962, Cole et 41., 1963)" Stud'ies

conducted i n Mani toba and other areas of the prai ries al so 'i nd'icate that

efficìency of banded phosphorus 'is gneater when banded with nitnogen

fert'il i zer j n the form of ammoni um i n j nt'imate contact (Racz, 1980) .

Racz (1980) also reported that preplant deep banding of phosphorus wjth

ni trogen at spac'ing of about 30 cm i n Montana was supen'ion to phosphorus

placed with the seed and nitrogen deep banded before seeding.

The ammonium jon ef fect 'in 'incr"easing fert'il izen phosphorus uptake

has al so been studied. Rennìe and Soper (1958) found that ammonium

sal ts had a posi tì ve 'inf I uence on phosphor us absot pt'i on by wheat but

KN03 and K2S04 had no effect. 0lson and Dnier (1956) also found that

ammonium compounds created a much larger effect than nitrate compounds

part'icuì arly at earìy growth stages.

The effect of ammonium ion is thought to be partly to the enhance-

ment of root growth in the fertil'izer band. Root growth within the

phosphorus fertilizen band was found to be enhanced more by phosphorus

plus nitnogen appììcatjon than by phosphonus onìy (Duncun and 0h1togge,

1958; Mi I I er and Vj j , 1962) .

There i s al so some ev'idence wh'ich that suggests that nitnogen

af fects the abi'lity of the pl ant root to absot"b phosphorus" Cole et

al. (1963) and Thien and McFee (1970) using nutrient solutìons found

nitnogen pretreatment sìgnificant'ly increased phosphorus absorpt'ion and

tnansl ocati on nates i n corn.
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The concept of ammonìum fentilizer lowering pH of the sojl-noot

ì nterphase was al so pnoposed by Mi I I er et al . ( 1970) and Ri ì ey and

Banber (i971). They showed that the incneased availabììity of phos-

phorus fnom soil w'ith ammonium was due main'ly to the decreases in pH of

the root-so'il i nterf ace.

D. Phospho rus and M'icronutri ent Interacti ons

Heavy application of P-fentjlizer has nesulted in defìcìency of 7n

'in beans (Brown and Brown,1968; Paulsen and Rotinj,1968) and Cu in

wheat (Racz and Hal uschak , I97 4) . A'l though there i s some ev'idence

(Bìngham, 1963; Chaudhry et a1. I977) which 'indjcates beneficjal effects

of P fert'il i zati on on mi cnonutri ents uptake (par"ti cul arìy 7n) , it i s

gener^aì ìy agreed that h'igh I evel s of P usual 1y resul t 'in P-'i nduced Zn

and Cu def i ci enc'ies . The actual mechani sm i s not cl ear'ly understood .

Some evidence ìndicates that P ìnduced Zn or Cu deficìency is a soil

facton (B'ingham, 1963; Takkan et al ", 1975) whereby 7n or Cu is precipi-

tated by phosphate 'into unavailable forms. There is however, a genenal

feelìng that P-induced Zn or Cu deficienc'ies ane a plant factor, and

that the interact'ion'is physìo'logical (Brown and Brown, 1968; Paulsen

and Rot'imi, 1968; Racz and Haluschak, L974; hlaì1ace et a1., 1978) whene-

by Zn or Cu js pr"ecipitated orinactivated by P withjn the plant.

Solubility stud'ies of Zn in P-treated sojls (Thorne,1957; Bingham and

Garber,1960) also do not support the not'ion that Zn is made unavajlable

by precipìtation with P in the soil. Recent studies by McKenzie (1980)

showed that Zn uptake by blackbeans was not affected by addìng ìarge

amounts of P al though pl ant 7n concentratj ons wene decreased. The
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decnease in Zn concentrat'ions was assoc'iated with dilutìon of Zn'in the

plant due to ìncreased yìeld as the result of P addit'ions. Dilution

effect may also explaìn the decnease in concentration of copper and

other elements when large amounts of P are added to sojl to jncrease

y'ie'lds .

Thene ane jncjdences where P tneatments enhanced symptoms of 7n-

deficiency without any neduction ìn Zn contents of plant tops (Batti et

aì.,1970; Lonenagan et 41.,1979). A recent study by Loneragan et al.

(1982) on phosphor"us accumulation and toxicity in leaves in nelation to

7n supply suggested that 7n interferes wìth P metabolism enhancing the

amounts of P absor"bed by roots and translocated to the tops under condj-

tions of h'igh P supply. They found phosphor"us accumul ates to the tox'ic

I evel s i n I eaves i nduci ng or accentuati ng symptoms resembl i ng 7n-

def i c'iency. Th j s ef f ect m'i ght exp'l ai n previ ous observatì ons of Zn-

defìciency symptoms occurring when the tissue Zn contents were normal.

Stud'ies by McKenzì e ( 1980) and McKenzi e and Soper" (1983) on Tinc x

phosphorus 'inter"acti on on P and 7n uptake by bl ackbeans i ndi cated that

phosphor"us uptake was r^egul ated by the pl ant when suf f i c'ient Zn was

present but was not regul ated at I ow pl ant 7n level s. l^li th very I ow

Ievels of Zn, thene wer"e very high Ievels of P. The authons noted that

black bean Zn uptake was not affected by phosphorus concentnatjon as

long as Zn levels nernained sufficiently high. Haluschak (1971) found a

very small negatìve effect of high P on Cu uptake by wheat and flax.

Ear l i er" studies by Bi ngham (1963) showed that hi gh nates of P decneased

Cu contents ìn citrus but not'in beans, corn on tomatoes.
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Diaqnostic Techniques for Cu. Zn and P Status'in Soils and Plants

Two basic methods of establ'ishìng the status of nutrients in the

so'il and pl ants ar"e so'il analysì s and t'issue analysi s. The nutrient

status i n the so'il or pì ant t'issue i s often expnessed i n concentrat'ion

ranges such as deficìent, ìow, adequate, h'igh and toxic. Somet'imes

ct"itical levels are used. A plant nutnjent critical level has been

defined in several ways. Jones (I972) and Munson et al. (1973) defined

it as the plant nutrient concentration when yieìd is 5-I5% below the

max i mum .

The crit'ical Ievel of a plant nutrient in the soiI was defined as

the level of nutrient in the soil that separated a defìcient sojl from a

non-defic'ient soil (Bnown et al ., l97L; Matt, 1972).

Viet and Lindsay (1973) noted that micronutrient detenmination has

many dìfficultjes arising prirnarììy because of low concentnatjons'in the

soi I s, and 'i nteractì on wi th other mi cronutrj ents and macnonutri ents.

Some success has been neported w'ith soi I testi ng (McGregor , !972;

Li ndsay and Nonvel I , 1978) . L'i ndsay and Norvel I ( 1978) suggested a

cri t'ical I evel of 0.2 ng DTPA extnactabl e Cu/g so j I on mj neral soi'l ,

howeven, thìs recommendation was not based upon yield response data.

McGregor (L972) investigated so'il extractants fon Cu to determine which

was most reliable fon Manitoba minenal soils. He found that the amount

of Cu by 0.01 M Na2DP (NaZEDDHA); and 1.0 M NH4oAC buffer"ed at pH 7.0

conrelated well with Cu concentration and uptake by f'lax, wìth rZ values

of 0.75 and 0.93 r"espect'ive1y. A soil crìtical level of 1.3 ppm

NaZtDDHA extractable Cu was suggested.

Extractìng with a solutìon containìng EDTA and ammonìuln canbonate
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buffered at pH 8.6 has been found to be a reliable soil test for 7n

(Whitney, 1975). Lindsay and Norvell (1978) found that a DTPA soil

extnaction was also a good indjcator of the Zn status in the neutnal to

alkaline soils. A cnitical level of 0.8 mg DTPA extnacted Znlg soil was

suggested. Howeven, McAndrew ( 1979) recorded no gna'i n yi e'l d response to

7n fentilizat'ion in cereals and oilseed crops grown on sojl containing

as little as 0.8 DTPA extractable Znlg soil although Zn shoot concentra-

tions often'incneased. This led the author to conclude that the criti-
cal level for ceneals and oilseeds 'is pnobabìy lower than 0.8 mg Zn/g

so'il suggested in the litenatune.

Soi I analys'is fon P and othen macronutni ents j s genera'l ìy mone

reljable than so'il anaìysis for micronutrients sìmply because they are

al ways present 'in the soi I i n r e1 ati vely hi ghen concentrat'ions. Thene

ane sever"al methods of P extnact'ion as outlined by Thomas and Peaslee

(1973); the choice of a particular procedure be'ing determined by soil

pnoperti es. The two most w'idely used soi'l extractants for P analysi s ì n

hlestenn Canada ane the NaHC03 and acid-fluoride technìques (Leitch et

â1.,1980). The acid-fluoride technique is generally considered the best

'index of P avajlability for soils with low to medium C.E.C. that have

been modenately to high'ly weathened, wheneas NaHCO3 extnaction is often

considered to be mone effective on those so'ils having neutnal to alka-

line neaction, high C.E.C. and presence of fnee lime. In some cases,

little diffenence has been noticed between these two methods in pred'ict-

ing P nesponse on a wide range of soìls (Rober.tson, 1962; John et al .,

1967). The values in Table I gives P categories used by the pnovìnc'ial

soil testing laboratories in Man'itoba and Saskatchewan us'ing NaHCO3

extracting pnocedure.



Tabl e 1: Categor"i es of NaHC0
v'inci al Soi I Testi n

i3

xtractabl e So'il P (kg/ha) f rom the Pro-
aboratonies in Manitoba and Saskatchewan

3tgL

CATEGORY
Prov'ince

Sa s katc hewa n

Mani toba

0-11
0-11

kglha P

12.T7

12 - 1.9

'in

18.22

20-28

Very High

0-15 cm Depth

23-24 >34

29-40 >40

Source: Le'itch et al . (1980)

In pl ant ti ssue ana'lysi s, pl ant materi al i s usual'ly ashed or

d'i gested 1 eavi ng only the ì norgani c const'ituents behi nd (Jones , I972) .

Critical levels and concentnation nanges depend upon the stage of growth

and part of the plant sampìed (Jones, L967). Melsted et al. (1969)

reported that the Cu crit'ical level for wheat sampled as a whole above

gnound p]ant at boot stage was 5 ppm. Gupta et al . (1970) cons'idened

that 3.3 ppm Cu at the same stage was optimum. Copper concentrations'in

plant shoots t,vene cons'ider"ed low when they r"anged from 2"3 - 3.7 ppm for

bar'ley, L.7 - 3.5 pprn fon oats, 3.0 - 4.9 pprn for wheat, 2.4 - 3.5 ppm

for flax and I"7 - 2.7 ppm for rapeseed at 45, 49, 52, 43 and 43 days

after seedi ng respecti vely (McAndnew , L979) . Other researchens have

used grain Cu-content to assess Cu-nutrit'ional status 'in cereals. Russ

(1958) considered 2"5 - 3.0 ppm to be the cr"'it'ical Cu-content for oats.

A zinc concentrat'ion of 15 ppm for" wheat, samp'led at the boot stage

was reponted as a critical level (Melsted et a1.,1969). The same value

(15 ppm Zn) was neported by lnJar"d et al . (1973) fon wheat shoots at

Very Low Low Medi um Hi gh
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head'ing stage. Akinyende (i978) suggested a cn'itical level of L2.5 ppm

Zn for bar"ìey at head'ing stage.

The P contents of P-deficient plants are generally low w'ith about

O.lS% or less in dry matter. Ceneals adequateìy supp'ljed with phosphate

have P contents of approximate'ly 0.3% to 0.4% P in dry matter at boot

stage to heading stage (McAndrew, I979; Mengel and Kìr"by, 1982).

Mel sted et al . ( 1969) , after comp'i l i ng data fnom many years and

djffer^ent soils r"eported a cnìtical value of 0.307" P for wheat plant at

the boot stage. Illard et al. (1973) indjcated that P-defjciency in

bar'ley, oats and wheat can be expected jf the concentration of P at the

stage when the head emenges from the boot is less than 0.?0%. Menge'l

and Kirby (1982) reported that a value of 0.L% to 0.L5% ìn dry mattelis

common in mature cereal straw; whereas in seed and graìn P content is'in

the range of 0.4 to 0.5% P.

F. Harvest Index

The harvest index descnibes the amounts of photosynthate which ends

up in graìn for"mation. It is a ratjo of grain yìe1d to bjo'logical yìe1d

(Donald, 1.962). More often jt is expressed jn percentages (van Dobben

et â1., 1962; Vogel et al ", 1963). Idea11y, bioìogical yìe'ld would

include noots, but since noots are particu'larly difficult to recoven

from the soil, the biolog'ica1 yieìd ìn this sense refers to the above

ground porti on.

A high harvest jndex in a cnop can be ach'ieved if there ane many

ear.s per unit anea, each ear" with a hìgh yield of grain and nelatìve1y

short, light stems and few, short nanrow leaves per stem (Donald and
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Hambljn,1976). Analysìs by Singh and Stoskopf (1971) showed that stems

contn'ibuted 32% of the bioìogical yield on 56% to the vegetat'ive parts

jn ceneals. Usually biologica'ì yield'increases with increasing popu'la-

tjon dens'ity to a maximum value determined by some factor(s) of the

environment and at highen dens'ity tend to nema'in constant, provided no

other factors are 1ìmiting. Grain yìe1d increases to a maximum value

but declines as the density is further increased (Donald and Hamblin,

L976). The decline in grain yield as the plant population density is

'increased pnobably is due to low light profile within the crop canopy

(Fisher and l^ljlson,1975). The harvest index for wheat seems to be very

variable. A harvest index as low as 27% has been neponted (Vogel et

al., 1963) and a hanvest index as high as 50% has also been reponted

( Donal d , 1963) .

The envinonment has a strong'influence on the value of the hanvest

index. The environmental factons of great s'ignificance in cereal pro-

duction are water avaiIabif ity, populat'ion density and nutrient suppìy,

par"tìculan'ly nitrogen (Donald and Hamb'lin, 1976). Hjgh nitr"ogen supply

fon examp'le, is known to depness 'Lhe harvest index by promoting vegeta-

t'ive growth at the expense of grain pnoduction. McNeal et al. (1971)

reported data for spring wheat in Montana whene the harvest index fell

from 43% to 39% with a high nitrogen application" A good supply of

phosphorus, however, tends to countenact the tlad effect of nitrogen"

Copper defìciency jn cereals and othen crops has been found to depness

harvest'index by affectìng grain formatìon (Scharrer and Schaumloffel ,

1960; Bnown and Clark, 1977). These obsenvations wer"e in agreement w'ith

those of Graves and Stucliffel (L974) who found that the initiation and
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development of flowers wene delayed by lack of coppe n in Chrysanthemum

morifol'ium. McAndrew (1979) found that the fIoral parts of nape seed

pl ants wene vent'ica'l 1y compnessed and mal formed as the resul t of copper

defic'iency. A recent growth chamber study* on wheat gnown on Cu-

defjc'ient soiIs showed no grain y'ield formatjon when no copper fertj-

I 'i zer was added. However, vegetati ve growth was I i ttl e affected . The

above examples illustrate the impontance of copper for the reproductive

phase apar^t f rom other funct'ions j n the pl ant whi ch obvì ously wi I I

affect the harvest index.

Ava'ilable water has an influence on nutrient ava'ilability thereby

ìnfluencing the plant populatjon density which consequently affect eans

per un'it anea and weight of grain pen ear (Donald and Hamblìn, 1976).

G. Water Use EfficìencY

Waten use efficiency js defined as the amount of water (transpìra-

tion, plant growth, evaporation) requìred to pr"oduce a unjt of dry

matter matenial (Donahue et al., 1977). Vìets (L962) defined waten use

efficiency aS the amount of dry matter produced per" unit water evapo-

transpi ned.

¡laten use eff ic'iency i ncreases as the water used pen uni t produc-

tj on decreases . Ther e are many factors whj ch i nfl uence water use

efficiency. So'il fertility in panticulan, has been found to have a

strong 'infl uence on water use ef f ì c'iency (V'iets , L962; Bauer et al . ,

1966; Krogman , Lg67). Improved effìcìency of waten use in fertilìzed

* pers. Communìcat'ion with J " Kamwaga-Dept" Soi I Sci " (Un'iv of Manitoba)
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sojls was demonstrated by Bauer et al. (1966). At a gìven soì1 mo'isture

suppìy yìeld of wheat was gneatelin fertilized soils. As the available

moisture'increased fnom 160 to 503 mm, yields increased about 910 kg on

plots with no fertjlizer while on plots w'ith fertilizer, they'increased

by 1300 kg. Thus the jncnease in yield per un'it'increase jn ava'ilable

waten was gneaten on fertilized p1ots. Kt"ogman (1967) found a similar

trend with a mixed swand of orchard gnass, creeping ned fescue and brome

grass fentil ized with njtr"ogen and phosphorus.
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Chapten 3

ANALYTICAL PROCEDURES

A. So'il Anal ysi s

1. lqi I pH

Soi I pH was determi ned el ectrometri ca'l'ly by the method des-

cribed by Peech (1965). Fjfty ml of distilled waten were added to 50 g

air-dry soil and shaken for 30 minutes. The pH of the suspension was

determined usjng a Beckman Zeromatic pH meter.

2. Soi I Texture

Panti cl e si ze ana'lysì s was perfonmed by a standard p'ipette

method ( Ki 1 ner and Al exander, 1949) .

3. Ni t rate N'it roqen

N03-N was determi ned by Har"pers' (L924) modi f ied pheno'l di sul -

phonic acid method" Ten (10 g) of aìr dry soil wene extnacted with 50

ml of solut'ion contaìning 0.02 M CuS04 and 0.06% Ag2S04. N'itrate was

measured colonimetr^ically as nitrate form of phenol disulphonic acid jn

an alkaline solution us'ing an ultravioìet spectnophotometen at 415 nm.

4. NaHCOc Extractable P

Phosphorus was measuned using the acid mo'lybdate method of

Murphy and Riley (L962)" Five grams (5 g) of ajr" dry soil were extracted

with 100 ml of 0.5 M NaHCO3 extract'ing solution. The mjxed molybdate-
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ascorb'ic ac'id neagent was used to neduce the phosphomolybdate comp'lex

and the absorbance of the blue colon developed was measuned usìng a

spectrophotometen at 885 nm.

5. Inorgani c Canbon

CaC03 was determined by Skinner et al. (1959) method. One gnam

of air dry soil was heated w'ith 40 ml of 10% HCI fon ten minutes. The

C02 evolved was drawn by suctjon thnough a dryìng and absorption train

consi stì ng of concentnated H2S04, a tube of dehydt 'ite and cal c'ium

chlonjde. The amount of C02 evolved was determined by weighing the tube

before and after trapping the gas. The nesults wene expressed in

pencentage CaC03 equivalent.

6. Field Capacity

Soil samples (2 mm-size) from Pontage la Prajrie sites, were

placed'in plastic cyl'inders, the bottom of which were fitted w'ith porous

cloth. The surface of the samp'les wene saturated with waten and equ'i1i-

br"ated for" 48 hours. Tops of the cyl'indens were covened wjth panafi'lm

to mjnimize surface evaporation. The moist soil t,rlas then subsamp'led,

oven dried at 105oC and moisture content, so determined was expressed on

oven dny soil bas'is. The mo'isture content was taken as the f ield capa-

cìty"

7 . Permanent l,l'i 1ti ng Percentage ( P.hl.P. )

Thjs was detenmined by a pressure membrane method as described

by Rì chands ( 1965) .
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8. Exchangeabl e K

Exchangeable K was extracted by Pratt (1965) mod'ified proce-

dune. A five-gram soil sample was shaken 'in 100 ml solution contaìning

1.0 N NH4OAc and 250 ml LiN03 fon one hout. The solut'ion was filtened

thr"ough I¡Jhatman No. 42 f i I ter paper. Potass'ium concentrati on i n the

filtnate was determined using a Perkin-Elmen 303 Atom'ic Adsorption

spectrophotometer.

B. Pl ant Anal vs'is

1. Total P and Pdff

0ne gram oven dry gr"ound pl ant t'issues was d'igested usì ng

nìtric acid and perchloric acid. The resulting digest was diluted with

di st'il I ed water to 25 ml and fi I tered.

i.1 Phosphorus Derived fr"om Fertìl'izer (Pdff)

1st Gr owth Chamber Experiment

From each sample 15 ml was drawn and put into a speciaì

container" wh'ich was used to count rad'ioactivity on the Beckman LS 7500

Liquid ScintiIIation System counten. Trip'licate standands were made by

d'ilut'ing 0.2 m1 of the origìna'l stock solut'ion to 15 ml with distilled

waten. Backgnound count was taken after each sample and subtracted.

Phosphor"us deni ved f rom fertì l'izer source was cal cul ated as fol I ows:

Specìfic activity ot 32p in a sample
Pdff=

Specific actìv'ity of 32p of a standard

Total P der jved from fertiI'izer source by the wheat pìants was calcu-

lated by multipìying the above by the respective dry matter y'ie'ld.
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I.? Total P - lst Growth Chamben Experiment

To ensune uniformity and consjstency, total P was deter-

mìned using the same solution used for Pdff detenminat'ion. Thus from 15

ml aliquot, l ml was drawn and diluted in 10 ml of d'istilled waten and

anothen dilution of 1 ml to 10 ml water followed. Two (2 ml) of pre-

viously prepared comp'lexing reagent was added to each of the samples and

left to stand wh'ile a blue colour developed as descn'ibed by Stainton et

al. (1974). After" 15 minutes, readings were taken on a spectrophoto-

meten at 885 nm. These readjngs were companed with a standand phosphate

curve obtained by usìng phosphate solut'ions ranging from 0.1 to 10 ppm

also complexed with mixed neagents. Total P'in p'lant tissue was then

calculated tak'ing into cons'idenat'ion all the d'ilut'ions made.

1.3 Total P - F'ield and Lysimeter Experiments

The same procedune described jn sect'ion (1) was followed

w'ith one exception. Since no Pdff waS determined in thjs caSe,1 ml

which was diluted into 10 ml wìth d'istìlled waten was dnawn from the

original 25 ml filtrate unlike jn section (1.1) where the I ml was dnawn

from the 15 ml used for counting the radioactivìty.

2. Zinc Co er Mn and Fe

A one-gnam sample of ground p'lant tissue was placed in a m'icro-

kjeldhal flask, 10.0 ml of concentnated HN03 and 15 ml of 70% HCL03 were

added. The mixtune was digested unt'il clean as described by Robert and

Kerber (1980). The plant dìgest was tillered and made to 25 ml volume

by adding distilled waten, The copper, Zrt, Fe and Mn concentrat'ions ìn
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Spect nophotomete r.
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using Penkin-Elmer 303 Atomjc Adsorption

3. Potassi um

A one-gnam sample of ground tissue was placed in a micno-

kjeldhal flask, 10"0 ml of concentrated HH03 and 15.0 ml of 70% HCL03

were added. The mixture was dìgested until clean. The digest was

fìltened and made to 25 ml volume by adding distilled water. A 1.0 ml

af iquot of the above fj I trate was d'i I uted to 25 ml us'ing 2,5 ml of a

2500 ppm L'iN03 sol ution and 21.5 ml de'ion j zed water. The concentnation

of K was determined using a spectnophotometer.

4. Total N'it rogen

Total N was determined by a modified Kjeldahl method (Jackson,

1958).
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Chapten 4

STUDY 1: FIRST GROI^JTH CHAMBER EXPERIMTNT

Introducti on

Phosphorus fenti I 'i zati on of fi el d crops has become a nouti ne

practice over the years as fanmers have tried to incnease crop yields.

Howeven, response to P by cnops has been vanjable from year to year

depend'ing on soi I envi ronment and on the amount of P added to so'il as

wel I as the type of cnop gr"ovvn. Soi I mo'i sture i n parti cul an, has a

stnong influence on the cnop penformance eÌthen by affecting the plant

itself (Sa]ìm et a1.1965; Racz et al. L974) and/or by affecting the

supply of phosphorus to the plant (Cho et al . 1970; Hir^a and Singh,

1970) . The ef fect of soi I moi sture on the supp'ly of P to the pì ant 'is

'ìike'ly to be ìmportant for sunface pl aced P as 'it is this region which

dni es out fi rst.

In view of the above, an expeniment was conducted to study the

effect of (a) high and low soil mo'isture reg'imes, (b) d'iffenent amounts

of P added to soiì, and (c) depth of P pìacement on dny matter yield and

fertilizer P uptake by wheat p'lants.

The effect of sojl moisture content, appljed fentjlizer P and depth

of P incorponation on waten use efficiency was also jnvestigated.

Materi al and Methods

The soil

Prai rie anea.

used in this expeniment was obtained from the Portage La

Table 2 shows some of the physical and chemical proper-
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ties. The Ap honizon soil was dried and s'ieved through a 2 mm sieve and

then mjxed thoroughly befone being used.

Pots used i n thi s experiment wene cut f nom l ong p'last'ic pi pes wi th

a cross-sectional area of 0.02 m2. Each pot was 65 cm long. One end of

each 65 cm pipe was sealed so that it could hold soil. Twelve kg of

soil was used in each pot. The inner walls of the pipes were lined with

plastic bags to ensune that no water and nutrient leakage took place

from the soil. The soil column in each pot was 60 cm deep such that

each 15 cm depth conta'ined 3 kg of soi I . The fol'lowi ng procedune was

followed in putting the so'il into the pots. For the 0 - 15 cm P inconp-

oration treatment 9 kg of non-P fertil'ized soil was put into the pot.

Then above'it,3 kg of P fertilized soil were placed. For the 15 - 30

cm P incorponation treatment,6 kg soil was put into the pot. Three kg

of P fert'ilized soil vvas placed on top of these. Above ìt,3 kg of nonP

f ent j I 'i zed soi I was pl aced.

Phosphorus was labelled with 32p in form of ortho-phosphonic acjd

'in order to quant'ify the amount of phosphot"us derjved by the wheat

p'l ants f rom the f erti I i zer . 0rtho-phosphori c ac'id was added to 500 ml

of de j oni zed water and then one mi I l.icurr.i e of 32p was added and the

nesul ti ng so1 ut'ion shaken canef u'l 
'ly. 

Some more water was added and mi xed

to make a 1,000 ml stock solut'ion. The appnopriate amount of ortho-

phosphonic acid was used such that each 10 ml aliquot was equivalent to

100 ppm P on the bas'is of 3 kg soil. Appropriate volumes of tagged P

wene drawn from the stock solution and diluted with distilled water to

rnake 50 ml sol uti ons. The sol uti on was sprayed onto the so'i I spnead on

br"owir paper and mìxed thorough'ly. Apar"t f nom phosphorus, each pot
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received the following nutrients prion to seeding: N as unea (100 ppm),

K as K2S04 (50 ppm), S as K2S04 and CuS04 . 5H20 (22 ppm), Cu as CuS04

.5H20 (4 ppm) based on the entire soil volume per pot. These nutrients

were all dissolved'in 2640 nl of distilled water and carefulìy poured

into the pot conta'ining 12 kg of so'il. The 2640 ml water is the amount

whjch was r"equ'ired to brìng the soìl in each pot to field capac'ity.

Four weeks after seedi ng, each pot received an add'itional appl icat'ion of

50 ppm N (urea). Table 3 shows the tneatments used in this expenìment.

Each treatment was nep'li cated three t'imes i n a comp'lete'ly nandomi zed

design. Seeding of wheat (Tritìcum gstivum var. Neepawa) was done on

Novemben 21,1981 with emergence being obsenved 5 days laten. Pots wene

watered on a da'i1y basis to bring the so'il to fjeld capacìty. The

p'lants wene thinned to four after'10 days. The moisture treatments were

in'itiated 14 days aften seeding. This consisted of two soil moisture

regimes, 1ow and high. Sjnce the we'ight of individual pots and dry soi'l

was taken at the beginnìng of the expeniment befone the 2640 ml of

water/pot was added , 'it was poss'ib1 e to determi ne the amount of water

used by the pl ants fnom each pot and on that basi s, an appnopri ate

quantity of water was added depending on moistune regime. The amount

added was neconded.

(a) High soil moisture reg'ime - By weighing the pots, appropriate

amounts of water wene added to brìng the so'il back to field

capac'ity. Watering was done on a daily basis.

(b) Low soil moisture regime - Sojl was allowed to dry untjl most

of the plants showed signs of wilt'ing before watenìng was

done. By ne-weighing the pots, appnopniate quantity of waten
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was added in each pot to bring the soil to 75% field capac'ity.

The amoun'b of wa'ber which was added was based on LZ kg soil.

The same pnocedure was folIowed dur"ing the subsequent days,

waten'ing to bning the soil back to 75% field capacity being

done only when the majority of the plants showed signs of

wi I ti ng.

In both moisture regimes, an anbitrany quantìty of waten ranging

from 10-100 g was added in the pots to take cane of jncneased weight of

pots due to pìant growth. The quantity added into each pot varìed w'ith

the amount of vegetat'ive material in each pot. The conditions in the

gnowth chamber wene set as fol lows: tempenatune: 15oC (n'ight) , 23oC

(day); daylength: 15 hours. The ljght-intensity ranged from 500-550

micnoe'isteins m-2sec-1 within and above crop canopy. Humidity was not

regulated because the controls on the cabinet were out of order.

Plant tops were harvested 42 days aften seeding and dnied in the

oven at 60oC for'48 hours. The dry matten weights wene determined and

samples gnound for labonatory analysis.
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Tabl e 2: So'il Chanacteri sti cs for the F'i rst Growth Chamber txper"'iment

Locati on

Seri es

Sub-g roup

Textu re

pH

CaC03

NaHCO3 Extr. P (0-15 cm)

NH4Ac exch. K

N03-N (0-60 cm)

Portage I a Pra'irie
El m Ri ver

Cumul i c Regosol

Sandy Loam

7"2

Low

4.5 (kg/ha)

260 (kg/ha)

8.0 (kg/ha)

Note Soil cl ass'if ication is based on Micha'lyna and Smith (L97?)

soj I s neport.

Table 3: Tneatments fon the F'irst Growth Chamber txpeniment

Soi I Mo'isture Reg'ime P-Added
mg/pot

Depth of P-m'ixing
(cm)

Hi gh
High
H'i sh
Hi gh
Hì gh

0
300
300
600
600

0
300
300
600
600

15
30
i5
30

o-
15-
0-

15-

15
30
30
30

Low
Low
Low
Low
Low

0
15

0
15
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RESULTS AND DISCUSSION

A. Dry Matten Yield

Dny matter yieìd fon 42 days old wheat was significantly influenced

by the soil mo'isture negimes and phosphor^us added to soil but not by the

depth of P i ncorporat j on (Tabl e 4) . Simi'larìy phosphor"us deri ved f rom

fertilizer (Pdff) by the wheat p'lants was s'ignìficantly influenced by

the soil moisture regimes and nates of P added to sojl but not by the

depth of P i nconporation (Tab'le 6) .

liJhen no P was added to soi I , the dry matten y'iel ds were very I ow

and wene not'influenced by the soil moisture regimes. When P was added

to soil, thene was a significant dry matter-y'ie'ld increase at both soil

moisture regimes, but the incnease was s'ignificantly langer at high soil

mojstune negime. At each sojl mo'isture negime, the two depths of p

inconporat'ion wene not signìficant'ly different in terms of influencing

the dny matten yields. In high soil moisture regimes, the 600 mgp/pot

resul ted i n a si gni f ì cantly hi gher" dry matter y'iel d over the 300 mgp/

pots. In the low soil moistune treatmen'b, the two nates of P added to

soil wene not significantìy different jn terms of increasing the dny

matter yiel ds.

l¡J'ith the excepti on of the check , total p i n the above ground

porti on of wheat p'l ants was si gni f i cantìy hì gher at h'igh soi I mo'i sture

conditjons for both rates of P added to soil (raule 5). !¡lhen no p fer-

ti I i zer was added to so'il , total P in the pl ant was not si gni fi cant'ly

affected by soil mojsture conditions although the value was sììghtly

higher when high soil moistune conditìons wene mainta'ined. To'lal P in
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s Af fected by P Added to Soi'l , Depth
ure Regìmes

)a
ist

P Added
( mgl pot )

Depth of Mixing
( cm)

Soil Moisture Regìmes

Hi gh Low

Dry Matter Yield (g/pot)

0
300
300
600
600

0-15
i5-30
0-15

15-30

I2.3 a
34.4 c
33.7 c
39.9 d
40.8 d

10.0 a
22.7 b

20"7 b
24.9 b
23.4 b

Means wjth the same letter ane not significantly different at 5% Tukey,s
Studenti zed Range.

Table 5: Igt?l P Uptake as Affected by p Added to Soì I , Depth of p
Mixing and Soil Moisture Regimes

P Added
( mgl pot )

Depth of Mixing
(cm)

Soil Moi sture Regimes

Hi gh Low

P Uptake (mg/pot)

0
300
300
600
600

4e
4b
7bc
0a
0a

22
15
30
15
30

o-
15-
0-

15-

89.
87.

125.
134.

15.9 e
55.1 d
55.3 d
76.1 bcd
70"5 cd

Means with the same letten ane not s'ignificantìy d'iffenent at 5% Tukey,s
Studenti zed Range.
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the plants was not affected s'ignificantly by depth of P incorporation

but it was affected by the amount of P added to so'il. The 300 mgP/pot

signìficantly increased the total P in the p'lant both at high and low

moisture negimes. The 600 mgP/pot rate resulted in a further signifì-

cant increase of total P'in the p'lant only at high soil moisture negime.

The Pdff was sìgnificantìy hìghen at the high than at the low soil

moisture levels (Table 6). At both soil moisture negimes the Pdff was

significantìy h'ighen at the 600 mgP/pot rate than at the 300 mgP/pot.

The depth of P incorponation had no sìgnìficant effect on Pdff at both

soi I moi stune regì mes.

Phosphorus den'ived from the soil (Table 7) was genenal'ly hÌghen in

the high soil mo'isture treatments than in the low lnoisture treatments

but the differences due to two moisture regimes wene not statistically

si gn'i f i cant. The amount of P j ncorporated i nto so'i I and the depth of P

i ncorporati on di d not af fect phosphorus deri ved f rom so'i I si gn'i f i cantly.

The absence of significant dny matten yield difference between soil

moi sture regimes 'i n the check suggests that P was the most 'l imi ti ng

growth f actolin thi s case. Howeven, when P was no 'longer the most

'limiting factor the low soil mo'isture could have affected dny matten

yie'ld e'ither d'irectly by affecting pl ant growth and/or" by l imit'ing P

availability to the plants. The total P uptake and P derived from fen-

til jzen by wheat shoots being h'igher" in wheat gnown ìn h'igh rnoisture

so'il than in low moistune soil would tend to suggest that low soil

moì sture was 'limiting P uptake by wheat p'lants thereby I imjting gnowth.

Such observations were made by 0lsen et al. (1961), Boa'Lwrìght et al.

(1964), Racz (1980). This was attribuLed to low d'iffusion of P at low



Tabl e 6 Phosphorus Deri ved f rom Fert'i I j zer (Pdf f )
Added to Soi I Depth of P Incorponati on
Regi mes

AS

and
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Affected by P

Soi I Moi sture

P Added
( mg/ pot )

Depth of Mix'ing
(cm)

Soil Moisture Regime

High Low

300
300
600
600

0-15
15-30
0-15

15-30

Pdff

68.
60.
9?.

t0?-.

1c
6c
1e
0e

mgP/pot

39,2 a
34.0 a

55.1 c
49.6 b c

Means wi th the same I ettens ane
Tukey's Studentized Range.

not si gni f i cantl y d'i f f erent at 5%

Table 7: Phosphorus Derived from So'il (Pdfs) as Affected by P Added to
Soi'1, Depth of P Incorponation and Soil Moisture Regimes

P Added
( mg/ pot )

Depth of Mixìng
(cm)

Soil Moisture Regime

lljgh Low

0
300
300
600
600

0-15
15-30
0-15

15-30

Pdfs

2?.4
28.8
27.L
31.4
32.0

mg P/ pot

15.
19.

ab
ab
ab
ab
ab

15.

2L.
20.

9b
9b
3b
6ab
9ab

Means w'ith the same letten ane not signif icantly differ"ent at 5% Tukey's
Student'ized Range.
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soil moisture. But, sìnce the shoot P concentnations (Tab1e 8) were

above the cn'itical level when P was added to soì.l, (Melsted et â1.,

1969), jt is un'likeìy that the depression 'in dry matter yield unden low

so1l moistune was due to P unavajlabi'lity but a djrect effect of

moisture on the growth of the pl ant.

At both soil moisture negimes the Pdff when 300 mgP/pot was incor-

porated into 0-15 cm and 15-30 cm depths were not signifjcantly differ-

ent. Also when 600 mgP/pot was'incorporated into the 0-15 cm and 15-30

cm depths, pdff was not signìficantly djfferent indicating that the

plants were able to effectively ut'ilize P placed ìn eìther depth.

The 600 mgp/pot rate s'ignìfìcantly 'incneased Pdff over the 300 mgP/

pot r-ate at both so'il mo j sture negimes, but a s'imi I an i ncrease i n dry

matten yie'ld was observed only'in the high moisture treatment. The lack

of dr-y matten yield increase in low sojl mojstune tneatment despìte the

j ncnease j n Pdf f was I'ikely due to the d'i rect ef fect of mo'i sture stress

on plant growth.

Table B: Shoot P Concentnation
P Mi x'i ng , and Soì 

'l 
Moi

Affected by P Added to Soiì, DePth of
ure Regimes (42 Days 01d lllheat)

as
st

P Added
(mg/ pot )

Depth of P Mixìng
( cm)

Soi I Mo'isture Regime

Hì gh Low

0
300
300
600
600

0-15
15-30
0-15

15-30

.17

.26

.26

.31

.33

.16

.25

.26

.31

.30
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B. Water Use Efficiency

l^later use efficiency was incneased sìgnìficantly by application of

P fentílizer in P defjcient soil both at hìgh and low soil moistune

(Table 9). However, water use effìc'iency due to 600 mgP/pot was not

significantly different from that due to 300 mgP/pot application.

The depth of P incorponation had no signìficant effect on waten use

ef f i ci ency regardl ess of the so'il moi sture neg'ime. Al so water use

efficiency was not sìgnificantly djfferent at both high and low moisture

negimes for both rates of P added to soil. The ìmproved effic'iency of

water use in fentil'ized sojls was repor"ted earljen (Viets,1962; Bauer

et al., 1966; Krogman, L967).

The effect of low sojl fent'i1ìty on plant growth was evident also

from this experiment (Table 4) whene with no P added to soil the dry

matter yield was low regandless of the level of sojl moistune. P addi-

tì ons encounaged betten growth. l^li th a wel I establ j shed pl ant canopy,

it is likely that more waten is lost from the soiì-pìant system by

transpiration rather than evaponatìon from the soil sunface. In such

cases, waten Iost from the soiI ìs probabìy pnopor"tional to the amount

of vegetative pants which ìn tunn are determìned by the amount of waten

available for gnowth. This may exp'lain why the d'ifference jn water use

effic'iency due to two moisture regimes was not significantly d'ifferent

once sufficjent P was app'lied" The concept that waten lost from the

soi 1 -pì ant system j s proport'iona1 to the amount of vegetat'ive materi al

once soil fertì1ity has been impr"oved may also expla'in the lack of

s'ignìficant diffenence jn waten use efficìency due to depth of P

i nconporati on.
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Table 9: Mo'isture Use Efficiency as Affected by P Added to Soil, Depth
of P Mix'ing and Low Soil Mo'isture

P Added
( mg/ pot )

Depth of Mix'ing
( cm)

Soil Moìsture Regime

Hi gh Low

kg d.m./ha/cm-HZ}

0
300
300
600
600

0-i5
15-30
0-15

15-30

c
ab
a
a
a

156
205
2t6
230
223

180bc
228 a
2?0 a
224 a
233 a

Means with the same letter ane not signìficantly differ"ent at 5% Tukey's
Studentj zed Range.
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Chapten 5

STUDY 2: FIELD EXPERIMENT

I nt nodu ct'i on

It is well documented that to obtajn maximum production of wheat,

adequate amounts of fertilizer P and pnoper applicatjon techniques have

to be emp'loyed as'long as othen factons are non-limiting. The amount of

P nequined to attain maxjmum y'ie'lds usually vanjes from place to place

depending upon, among other things, the level of available p 'in that

panticulan sojl. In vjew of the above, the experiment was conducted to

evaluate how limiting was P in the production of wheat under na'in-fed

conditions if other factors wene close to optìmum. Attent'ion was paid

rnainly to (a) effect of rates of P bnoadcast and inconporated into so'i1,

and (b) the depth of P incorponation on dr"y matter and gnain yie'ld. The

effect of P banded w'ith the seed was also invest'igated. Th'is was to

ptovide evidence as to whether thjs pr"actice was real1y necessary even

when large amounts of P had been incorponated into soil.

Matenials and Methods

The field experiment was initiated in spring of 1982 on thnee sites

chosen mainly on the basis of the'ir sojl P contents and geographical

locat'ion. The Haywood s'ite was low in available P, while Elm Cneek and

l.linklen sites had medium to high'levels of available P. Table 10 shows

some of the chemjcal and physical properties of soils used in this

st udy.
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A split split plot design was used with four replicates at each

site. The field layout is shown 'in Figure 1. Each rep]icate (block)

was 51.2 m 'long by 6 .4 m wi de. Each r"epl i cate was d'i vi ded i nto two

equa'l main p'lots on the basis of depth of P inconponat'ion. The main

plots were div'ided into 4 sub-plots of 6.4 m by 6.4 m. phosphorus (Mcp)

at the rate of 0,50, 100 and 200 KgP/ha was hand bnoadcast nandomly'in

four sub-plots of each main pìot. The P fent'ilizer in four sub-p1ots of

one main plots (shaded) were rotor-tilled to the depth of 15 cm. Nitro-

gen (NHaN03) and potassium (KCl) were laten hand broadcast and rotor-

tilled to 7.5 cm deep, this time in both main p1ots. At all thnee

si tes , potass'i um was added at the rate of 200 kg/ha. Ni t r"ogen was added

at the rate of 150 kg/ha at Haywood and l,Ji nkl en sites and 200 kg/ha at

bhe Elm Creek site. The relative amounts of N and K added to so'il were

based on relat'ive amounts of available N and K as de'Lermined by so'il

tests so that these elements wene not limitìng. At the time of seed'ing,

the subp'lots wene sp1 it i nto hal ves 'lengthwi se (A and B) , makì ng 8 sub

sub-p]ots pen mai n p'lot or" 16 sub-subpl ots pen bl ock. Al I sub-sub pl ots

on one-half of each block (ìengthwise) nece'ived an extra 17 KgP/ha and

33 Kgk/ha which were banded with the seed at the depth of z.b cm. 0n

the othen half of the blockn seed'ing was done in the same manner except

that no extra P was banded with the seed. The treatments are shown in

Table 11" Each tneatment const'ituted 18 nows. These were achieved by

making two nuns with a 9 row seed drjll. To avoid contamination, all

plots on one sìde of each of the four blocks that received the banded P

and K were seeded first. The drill was then cleaned befone being used

to band the 33 KgK/ha with the seed on the nemaining half of each
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block. At al I sìtes, wheat (Tr"'iticum esr!evum var. Columbus) was seeded

at the rate of 100 kg/ha.

Above gnound wheat samples for" each tneatment were harvested from 1

m2 area when wheat was 28,42,56 and 74 days o'ld. The stages of growth

corresponding to the above days ane shown in Table 12. The final

samples were taken at maturity. All sampìes were dried'in the dryìng

noom at a temperatune of 60oC and dry matter yields were determined.

At matun'ity , graì n yi e'l ds were determi ned. Ti ssue analysi s for P, K,

Zî, Cu, Fe and Mn in the above ground portion of the plants and gra'in

was also made but th'is t.ime on a composite samp'le from four repf icates

for each treatment.

Grai n yi eì d fon most treatment combi nati ons tvene p'l otted aga'inst

cornesponding P shoot concentrations fot'28,42,56 and 74 days old

wheat. Potassi um, n'itnogen and some m'icronutni ent contents 'in the shoots

and gnain were determined simply to ident'ify any other element that may

have limited growth apart from phosphorus" Mone attention was paid to

zi nc and copper because earl j er studi es (McKenzi e , 1980 ; t'Ja11 ace et al . ,

L978; Loneragan et al.,1979) have shown that high levels of P may

'induce 7n and Cu deficiencies. Wheat shoot nutrient concentnations

determjned at boot and heading stages wene mostly used for the d'is-

cuss'ions because I itenature negarding the critical levels and nutnient

concentration ranges for other gr"owth stages was very limited"
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Fìgure 1: Field txperiment Layout

r- 6.4 m{

0 - 15 cm Depth of P incorporation

0 - 1.5 cm Depth of P jncorporatìon

A: 33 KgK/ha was banded w'ith the seed in A-rows
B: 17 kgP/ha + 33 KgK/ha were banded with the seed in B-rows

T
6 4m

I
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Tabl e 10: Some of the Charactenì st'ics of Soi I s Used f on F'iel d
Expe ni me nt s

Locati on Haywoodl El m Creekl l^Ji nkl en2

Soì I Seri es

Sub - Group

Textu re

Ca rbonate-Conte nt

Almass'ipì

Gl eyed-
Ca rbonated
Rego Bl ack

V.F.S.

Low

8"1

L46

Elm Creek Ri gnol d

G1 eyed
Bl ack

V.F.S.L.

Low

8.0

r25

31

602

Orthi c-
Bl ack

F.S. -
L.V.F.S

pH

NO

Low

8.2

42

25

449

-N ( kg/ha)
0-60 cm)

3
( 84

6
Available P (kg/ha)

(0-r5 cm)

Ava'ilable K (kg/ha)
(0-15 cm)

1

2

Soil Classification by Michalyna and Smith (I972).

Soil Classjfìcation by Sm'ith and Michalyna (i973).



40

Table 11: Tneatment Structure for the Field txperiment

Depth of P-mixìng
( cm)

P-bnoadcast and
mi xed w'it h so'i I

( kg/ha)

P-banded
with the seed

( kg/ha)

7.5
7.5
7.5
7.5
7.5
7.5

15
15
15
15
15
15

o-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-

0
0

50
50

100
100
200
200

50
50

100
100
200
200

0
77
0

t7
0

t7
0

T7

0
L7

0
L7

0
17

Table L2: Sampl i ng Days After Seedì ng and Cor"nespondi ng Stages of
Gnowt h

Sampl i ng No. Days After Seeding Stage of Gr owthl

1

2

3

4

5

28

42

56

74

95

Ear'ly Tìllering

Boot

Head'ing

Milk

Matu ne

I Based on Visual 0bservation"
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RESULTS AND DISCUSSION

A. Pl ant Appearance

Seed germination and emergence was good" Soil mo'isture at seedìng

as welì as gnowing season rainfall and'its djstributjon ane pnesented ìn

Append'ix I and 2. At Haywood site, the water tabl e lvas about 1.5 rn

below the soil surface. No delayed emergence on seed injuries due to

high rates of P were observed at all three sites, There were no visual

P deficiency syrnptoms at l^ljnkler" and Elm Creek s'ites. However, the

stunted growth and poor tilìering chanacteristics of P defic'ient wheat

plant wene appanent at Haywood site 4 weeks aften seeding when no

phosphorus was added to soil. The symptoms persisted thr"oughout the

season. No visual deficient symptoms for other nutrients were evident

at any of the sites. At heading stage, thene was a severe lodging of

pl ants at the tnJi nkl er si te. About 80 percent of the p]ants were

affected. Plants at Elm Creek and Haywood were fnee from 'lodgìng.

B. Yi el ds

Haywood

There was a significant dny matten yield increase to P broad-

cast and i ncorponated j nto soi I pri on to seed'i ng. Phosphor.us banded

with the seed also had a s'ignifjcant influence on dny matter yieìd.

But the depth of P incorporation did not affect dry matter yield sign'i-

ficantly at any stage of gr"owth (Tables 13 to 18). s'ince the effect of

the depth of P inconporation on dny matter"-yield response was not signi-

ficant, the numbens of observat'ions per treatment was incneased from

ñ'iie [.]¡ril.ersitÌ¡
of flVlanitoha
LûåTR/{Rf tì i:ì
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foun to eight by combin'ing the results from the two depths. Thus each

mean in Tables 13a, 14a, 15a, 16a and 17a are comprised of I observa-

tions. ['Jith the exceptìon of the samples taken at the milk stage (Tab'le

16a) , there was a si gnì fi cant i nteraction between P broadcast and P

banded with the seed.

When P was not banded with the seed, thene was a significanb dry

matter yield'increase fon the 50 kgP/ha rate at all samplings except at

earìy tillering. The 100 kgP/ha nate nesulted in a significant yield

jncrease over that of 50 kgP/ha at all samp'ling stages except at the

m'ilk stage (Table 16a). The add'ition of 200 kgP/ha resulted jn a

furthen sìgnificant yie'ld 'increase only at the boot stage (Table 14a).

When 17 kgP/ha was banded with the seed, thene was a significant

yield incnease over the check at all stages of gr"owth. lrlhen 50 kgP/ha

was mixed wìth sojl prior to seeding, the P banded with the seed

jncneased dry matten y'ield significantly at all samplings with an

exception of the sample taken at the boot stage (Tab'ìe 14a). When P was

banded w'ith the seed 'into soi I wh'i ch recei ved 100 kgP/ha pri or to
seeding, thene was a sign'if icant dny matter yie'ld increase to banded P

on'ly fon wheat samples taken at the early ti11ening and miIk stages

(Tables 13a and 16a)" When P was banded w'ith the seed'into soil whjch

was'initially mixed with 200 kgP/ha, there was a sign'ifjcant yield

jncrease to banded P only at the milk stage. As was the case with dry

matter yi el d, the depth of P ì nconporat'ion di d not af fect grai n y'iel d

significantly (Table 18). The effect of P mixed with soil was highly

si gni fi cant ( P=0.01 ) . Al so, the i ntenacti on effect of P mi xed wi th soi I

and P banded with the seed on grain yield was highly signìfjcant. How-
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Table 13: Influence of Amount of P M'ixed with Soil, Depth of P Mixing

and P Banded with the Seed on Dry Matten Yield (kg/ha)
Early Ti 11en'ing (Haywood)

Depth of P Mi xi ng
(cm)

P Mìxed w'ith Soil
(kg/ha)

P Banded into the Seed
( kg/ha)

0 T7

Dry Matten Yield

0

0-15

7.5 0
50

100
200

1r7
100
136
156

145
145
t78
153

t24
i41
L4t
L57

0
50

100
200

91
113
134
157

Depth of P Mj xi ng:
P Mixed with Soil:
P Banded with the Seed:
P Mixed with Soil X P Banded:

N. S.
Significant P = 0
S'ignificant P = 0
Significant P = 0

.01

.05

.05

Table 13a: Influence of P Mixed with Soil and P Banded with the Seed on
Dry Matter Yjeld (kg/ha) oven two Depths of P-mixing - Ear'ly
Ti I I eni ng Stage ( Haywood)

P Mixed
( kg/ ha)

P Banded with the Seed
( kg/ha)

I70

Dny Matten Yield (kg/ha)

0
50

100
200

101
106
135
156

5b
4b
9b
6a

Aa
Aa
Ba
Ca

13
I4
15
15

Means with the same capital letter are not s'ignificantly different at 5%

Tukey' s Studentized Range.

Means with the same small letten in each row ane not significantly
di f ferent at 5% Tukey's Student'ized Range.
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Table 14: Influence of Amount of P Mixed with Soil, Depth of P M'ixing
and P Banded w'ith the Seed on Dry Matter" Yield (kg/ha) - Boot
Stage (Haywood)

Depth of P Mixing
(cm)

P l4ixed with Soil
(kglha)

P Banded into the Seed
( ks/ha)

0 L7

Dry Matter Yield

0 7.5

0-15

0
50

100
200

0
50

100
200

430
766

17 66
1381

351
918

t2I6
1374

922
1058
1245
1348

76L
tL2t
i0B3
t287

Depth of P Mixing:
P M'ixed with Soil:
P Banded w'ith the Seed:
P Mixed with So'il X P Banded:

N. S.
Si gni fi can
Signifjcan
Si gn ì fj can

tP=0
tP=0
tP=0

.01
,01
.01

Table 14a: Influence of P M'ixed with Soil and P Banded with the Seed on
Dny Matten Yield (kg/ha) over two Depths of P-mixing - Boot
Stage (Haywood)

P Mixed
( kg/ha)

P Banded with the Seed
( kg/ha)

t70

Dry Matter Yield (kg/ha)

0
50

100
200

Aa
Ba
Ca
Da

390
842

1196
1378

841 b

1082 b
1164 a

1318 a

Means with the same capita'l letter" are not s'ign'ificantly different at 5%

Tukey' s Studentì zed Range.

Means with the same small letter in each row
d'ifferent at 5% Tukey's Student'ized Range.

ane not sì gni fi cantly
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Table 15: Influence of Amount of P M'ixed wjth So'iì, Depth of P Mix'ing
and P Banded w'ith the Seed on Dry Matten Yield (kg/ha)
Heading Stage (Haywood)

Depth of P M'ixing
(cm)

P Mixed with Soil
( kg/ ha)

P Banded into the Seed
( kg/ ha)

0 L7

Dry Matter Yield

0 - 7.5

0-15

0
50

100
200

0

50
100
200

2332
3468
4129
47 40

2046
3529
4543
487t

3604
37 23
4440
4062

32?4
39 19
4t7 4
4687

Depth of P Mixing:
P Mixed with So'il:
P Banded with Seed:
P Mixed w'ith Soil X P Banded:

N. S.
S'ign'ificant P = 0.01
N. S.
Significant P = 0.05

Table 15a: Influence of P Mixed with Soìl and P Banded with the Seed on
Dry Matter Yield (kg/ha) oven two Depths of P-Mìxing
Heading Stage (Haywood)

P Mixed
( kg/ha)

P Banded with the Seed
( kg/ha)

L70

Dry Matten Y'ield (kg/ha)

0
50

100
200

?TB
349
433
440

9Aa
8Ba
6Ca
5Ca

3414 b
3821 b
4307 a
4375 a

Means with the same capital letter are not sìgnificantly different at 5%

Tukey' s Studentized Range.

Means with the same small letter ìn each rotnl
djfferent at 5% Tukey's Studentized Range.

ane not si gni fi cantly
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Influence of Amount of P Mixed w'ith Soil, Depth of P Mixìng
and P Banded wj th the Seed on Dry Matter Y'iel d (kglha) - M'i I k
Stage (Haywood)

Depth of P Mixing
(cm)

P M'ixed with Soil
( kg/ha )

P Banded l,lith the Seed
( kg/ha)

0 t7

Dry Matten Yield

0 - 7.5

0 15

4980
6900
7630
7BI2

37 90
7 097
7082
7 537

6782
Bt27
797 2
8650

685 2
7292
8070
8785

0
50

100
200

0
50

100
200

Depth of P Mj xi ng: N.S.
P Mixed w'ith Soil: Signifìcant
P Banded with Seed: Sìgnificant
P Mixed with Seed x P Mixed w'ith Soil:

P Mi xed
( kglha)

P=0
P=0
N. S.

.01

.01

Table 16a: Influence of P Mixed with Soil and P Banded with the Seed on
Dry Matter Yield (kg/ha) over two Depths of P-m'ixing - Milk
Stage ( Haywood)

P Banded wìth the Seed
( kg/ha)

770

Dry Matter Y'iel d (kg/ha)

0
50

100
200

4385
6998
7356
7675

Aa
Ba
Ba
Ba

6817 b

7710 b

8021 b

8717 b

Means wjth the same cap'ital letter in each now ane
djfferent at 5% Tukey's Studentized Range.

Means wi th the same smal I I ettelin each row are
d'if ferent at 5% Tukey's Student'ized Range.

not significantly

not sìgnifìcantly
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Table 17: Influence of Amount of P Mixed with Soi'l , Depth of P M'ixing
and P Banded with the Seed on Dry Matter Yield (kg/ha) - At
Maturity (Haywood)

Depth of P Mixing
(cm)

P Mixed with Soil
(kgiha)

P Banded l^Jith the Seed
( kg/ha)

0 L7

Dry Matter Yjeld

0 - 7.5

0-15

4925
6837
8327
877 7

4607
6455
7795
7877

7282
8120
8062
8212

6625
8280
8347
8207

0
50

i00
200

0
50

100
200

Depth of P Mjxin
P Mixed with So'i
P Banded with Seed:
P M'ixed with Soil x P Banded:

g

I
N.S.
Si gni fj cant
Si gni fi cant
Sìgnificant

P=0
P=0
P=0

.01

.01

.05

Table 17a: Influence of P M'ixed with So'il and P Banded with the Seed on
Dry Matter Yìeld (kglha) over two Depths of P-mixìng - At
Matunity (Haywood)

P Mi xed
( kg/ha)

P Banded with the Seed
( kg/ha )

T70

Dry Matter" Yi el d (kg/ha)

0
50

100
200

47 66
6646
806 1

8027

695
820
820
820

3b
0b
5a
7a

Aa
Ba
Ca
Ca

Means wi th the same capi tal I etter are not si gn'i f i cantìy d'i f ferent at 5%

Tukey' s Student'ized Range 
"

Means w'ith the same smal I I etten i n each novv

different at 5% Tukey's Studentjzed Range.
ane not si gni fi cantìy
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ever, the effect of P banded with the seed was not signìficant maìnly

because higher rates of P mìxed w'ith sojl resulted jn grain yìeld

depressi ons. Bandi ng P with the seed j n such cases accentuated the

problem whìle it was quite the opposite at lowen rates of P. Thìs was

evident from Table 6a and F'ig. 2. S'ince the depth of P incorporatìon

lvas not signifìcant the means for each treatment jn Table 6a ane also

averages of 8 observations. l^Jjth no P banded w'ith the seed, there was a

significant gr"ain yield nesponse to 50 kgP/ha and 100 kgP/ha mixed wìth

soil. Addìtion of 200 kgP/ha resulted in a significantly lower yieìd

compared to that obtained with 100 kgP/ha rate. In fact, the 200 kgP/ha

was no mone effect'ive than 50 kgP/ha applìcation (Table 18a, Fig. 2),

When 17 kgP/ha was banded with the seed, there was a sìgnificant

grain yieìd increase to banded P oven the check where no P was added to

soì1. When P was banded with the seed in soil into which 50 kgP/ha was

'inconponated prìor to seeding, it increased gnain yìe1d sìgnificantly.

Bandì ng P wi th the seed ì n soi I wh'i ch necei ved 100 kgP/ha pri or to

seed'ing dìd not affect grain y'ield s'ignificantly. However, the band'ing

of P wìth the seed in soil ìnto which 200 kgP/ha was ìn'it'ially ìnconpor-

ated resulted in a sìgnificant yield depnession (Table lBa). The maxi-

mum grain yield for this sjte was obtained with 100kgP/ha broadcast and

i nconporated j nto so'i I wh'ich gave about the same yi el d as bandì ng 17

kgP/ha with the seed in soil into which only 50 kgP/ha was bnoadcast and

worked in prion to seeding (Fig. 2).

The P concentratj ons i n shoots and uptakes did not show any

apparent dj fferences due to depth of P 'i ncorporat i on throughout the

growing peniod (Table 20). This may partly expla'in the lack of signifì-
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cant influence of depth of P ìncorporation on yìe1d. P concentrations

and uptakes both ìn vegetative parts and graìn tended to increase as the

amount of P'incorporated into sojl jncreased up to the 100kgP/ha rate

(Table 2L). The d'ifferences in P concentrations and uptakes at the 100

kgP/ha rate and 200 kgP/ha rate were genenally small. This may help to

account fon the dry matten and gnain yìeìd responses to rates of P up to

100 kgP/ha and I ack of further dry matter yi e]d 'increase due to the 200

kgP/ha rate. P banded with the seed generally jncneased P uptake when

jt was banded in sojl into wh'ich 50 kgP/ha or less was incorponated into

sojl prior to seeding (Table 21). Th'is indicated that banded P was mone

ava'i l abl e to the pl ant on'ly when l ow rates of P are mi xed wi th soi l .

The above may exp'lajn the dry matter and grain yield nesponse to banded

P observed onìy when P was banded w'ith the seed jn soìl jnto which 50

kgP/ha on less was inconporated prion to seeding.

The gnain yield depression observed at the 200 kgP/ha rate (Table

18a ) coul d not be expl a'i ned by seed and seedì i ng j nj u r"i es as the nesul t
of P because no signìficant dry matter-yìeìd depressìon vvas observed

during the eanly stages of growth. A1so, the bio'logicaì yie'ld at the

final harvest was not depnessed by hìgh P nates. The decl'ining tnends

of harvest index (Table 19) also suggest that factor"s othen than seed

injury affected graìn yields. Copper defic'iency fon example, has been

found to decnease the hanvest jndex by affectìng gna'in format'ion

(Scharrer and Schauromloffel, 1960; Brown and Clark, 1977). Copper con-

centrations and uptakes were thus examìned to see'if Cu might have been

limitìng. Gna'in Cu contents showed a declìning trend as the amount of

P broadcast and i ncorponated 'into so j I pr"i or to seed'ing i ncreased (laOl e
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Influence of Amount of P M'ixed with Soì.l, Depth of P Mixing
and P Banded wjth the Seed on Grain Yìeld (kg/ha) (Haywood)

Mi xi ngpthDe ofP
(crn)

P Mixed w'ith Soil
(kg/ha)

P Banded 'into the Seed
( kg/ha)

0 L7

Gra'in Yi el d

0 7.5

0-15

0
50

100
200

0
50

100
200

i557
2324
29tL
2409

L470
2T5T
247 2
2TI4

1987
2470
2589
1 596

19 33
2920
2682
1841

Depth of P Mì xi ng:
P Mixed with Soil:
P Banded with Seed:
P M'ixed with So'il x P Banded

N.S.
Si gni fi cant P = 0.01
N. S.
S'ignìf icant P = 0.01

Table 1Ba: Influence of P Mixed w'ith Soil and P Banded with the Seed on
Gnain Yield (kg/ha) over two Depths of P-mìxing (Haywood)

P M'ixed
( kg/ha )

P Banded wìth the Se
(ks/ha)

ed

0 t7

Gr"a'i n Yi el d ( kg/ ha )

0
50

100
200

1514
2238
2692
226r

196
269
263
LB2

Aa
Ba
Ca
Bb

1b
5b
5a
5a

Means wìth the same capìtal letten are not significantly dìffenent at 5%

Tukey's Studenti zed Range.

Means w'ith the same small letterin each row are not significantly
djffer"ent at 5% Tukey's Studentjzed Range.
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HAYWOOD

30 H Without P bonded

A- - --A tT KgP/ho bonded
with the seed

1--
Effect of P bonded
wifh lhe seed
( LSD: P= O.O5)

cv
rg
X

C)
_c.

Ctfv

ro
a.)

;
.co
L-(9

25

?o
Effect of P

m i xed wilh soil
( LSD;P =O.O5)

\

t5
o 50 too 150 200

P m i xed with so¡l ( kqlho )

Figure 2: Infìuence of P Mixed with Soil Prior to Seeding and P Banded

with the Seed on Grain Yield



Table 19: Effect of P

Hanvest Index

52
Mi xed wi th Soi I and P Banded w'i t h the Seed on

Si te P Added and Mixed w'ith So'il
( kg/ha)

P Banded With the Seed
( kg/ha)

L70

Haywood

l¡li nkl er

Elm Creek

0
50

100
200

0
50

i00
200

0
50

100
200

32.0
33.6
33 .4
28.0

28.2
32.8
3?,7
2r.0

33.1
29.6
29.0
27 .5

32
30
30
28

4
5

0
2

38 .7
39.7
38 .5
38.2

38.0
38 .1
38 .0
39.0

Tabl e 20 P Concentration and
Inconponat'ion

Uptake As Influenced by the Depth of P

Stage of
Gnowth

Depth of P

Incorp. (cm)
P Mixed wìth Sojl (kg/ha)

0 50 100 200

Eanly
Tì'l I enì ng

Boot

Headì ng

Milk

0 - 7.5
0-15
0-
0-
0-
0-

0.24
0 .25

.28) o

.23) 0
) 0.45(.61)
) 0.47(.62)

0.49(.76)
0.51(.80)

.33
40

.33
36

7.5
15

7.5
i5

7.5
15

0.18
0.18

0.18(4.2)
0.17(3.5)

.77

"63

0.24
0.23

0.3i
0.31

0.35
0.32

1

2

(

(
)

)

B

.0
4(3.6)

(3.8)
I
4

)
)

0.12(6.0) 0.16(11.0)
0.16(6.1) 0.16( 11.4)

4

0.23(e.5)
o.?4(i0.e)

0"17(13.0) 0"18( )
0.20(14.2) 0.19(14.3)

0.20(6.9)
0.21(7 .4)

o .24(11 .4 )
0.23(1r.2)

0
0

Note:
(

'(
)

)

Numbe ns
Numbe ns

i n brackets
outsi de the

= P uptake (kglha)
brackets = P concentration (%P)

1

2
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Amount of P M'ixedTable 21: P Uptake and Concentratjon As Inf'luenced by

with Soil and P Banded wìth the Seed

Staqe of
Groñth

P Banded
kg/ ha

P Mixed w'ith Soil (kg/ha)

0 50 100 200

P*
Early
Tillening

Boot

Headì ng

Milk

Gnai n

St raw

0
T7

0
L7

0
T7

0
T7

0
T7

0
17 0.03

.97
1.5

0.25(.25)
0.34( .45)

0.26(3.e)
0.31(6.1)

0.03

0.35( .37
0.38( .54

0.33(7 .4
o .32 (8 .6

.62

.69
0.50
0.44

)

)

0.46
0.44

.78
68

0.17(.66) 0.26(2.2)
0.20(1.7) 0,27(2.e)

0.i6(4.4) o.1e(6.6)
o . 19 (6 .5 ) o .22(B .4)

0 .14
0"13

0.16
0.17

LT.2
13 .1

0 .34( 4. 1

o.2B( 3.8
)

)

0.33
0.29

4.5
3.8

)

)

0.24( 10.4) o
0.26(t1.2) o

0.18( 13.2) 0
0.17 ( 13.6) 0

0.34(e.2) 0
0.31 ( 8.2) 0

.1e(14.6)

.1e(16.0)

26
26

.36

.38

11 .5
11 .4

)

)

1

I
6

B

)

)

1

5

4
6

B

6

3

2

0.03(1.3) 0.04(2.1)
0.03(1.7) 0.03(1.6)

0 .06
0.04

* Numbe rs
Numbens

in brackets = P Uptake (kg/ha)
outside brackets = P concentration

Cu Concent rat'i on and
Mi xed wi th So'i I and P

P Incorporat'ion

Uptake As Infl uenced by
Banded with the Seed Over

("t" v¡

Table 22: Amount of P

Two Depth of

Staqe of
ororith

PBa
ks/

P Mixed wjth Soìl (kglha)nded
ha

0 50 100 200

Shoot
5,2
6.0

Cu*
Ea nly
Tillening

Boot

Headi ng

Milk

Grai n

St raw

0
T7

0
77

0
17

0
T7

0
17

0
T7

5.1
5.4

3.1
2.9

5.6
4.9

(.55)
(.t+¡

(.53)
(.77) "7r

.96

2 .33)
3.17 )

(2.e3)
(4 .10 )

4.47
4.75

(11.2) 3.5(e.e) 3.0
12,2)
11.4)

2.5
2.7

2
i
2.6
3.1

r.4
1.9

3.7
4.0

4)
4)

B

9

(6.6)
(e.6)

5.0
5.3

3.4
3.7

2.2
2.3

3"7
3.5

1.5
i.B

(a.s ¡
(e.6)

5"5
6.0

3.5
4.2

2.0
1.9

) 1.8
) 1,7

1.1
r.4

.86 )

.e4)

3"4
3.7

3.1
2.4

(

(

(
(

(

(

(4.e )
( s .o ¡

4
4

(
(

(11.1)
(1i.0)

(e.0)
(8.3)

(13.8)
(16.2)

15.8
18.4

14 .3
15.0

( 14.4 )
(15.2)

0
9

6

B

(7.5)
(e.1)

o 2"0 .5
.2 022-

(

(

2.0
2.0

6.5)
1o.o)

(6.5)
(8.e)

(1)
(2)

Numbers 'in brackets
Numbers outside the

are Cu Uptake (g/ha)
brackets ane Cu concentrat'ion (ppm)
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22). Grajn Cu concentration decl'ined fnom about 5 to 2 ppm as the

amount of P incorporated into sojl pr"ior to seeding jncneased fnom 0 to

200 kgP/ha. Although thene was a genenal decljne 'in grain Cu concentra-

t'ion as the rates of P incneased the differences jn total Cu uptake up

to the 100 kgP/ka rate was small because yield was jncreasìng up to 100

kgP/ha. However, there was a two-fold decljne'in total gnain Cu uptake

when the 200 kgP/ha rate is compared w'ith other rates of P. The declìne

in th'is case was main'ly due to low [Cu] and low graìn yield. Thene was

no observable influence of P banded with the seed on eithen Cu concen-

tration in gnain on grain Cu uptake. All shoot Cu concentrat'ion at boot

stage wer"e mangina'l accordjng to the 5.0 ppm Cu suggested by Melsted et

al. (1969) but optimum according to the 3.3 ppm Cu listed by Gupta and

Mcleod (1970) and low according to McAndr"ew (1969).

At headì ng and mj I k stages of growth, there was a consi stent

decl i ni ng trend of Cu concentration as the rates of P broadcast

jncreased (Tabl e 22). The decrease was mostly due ,to biological

dilutjon because the total Cu uptake was ljttle affected. P banded wìth

the seed had little effect on coppen concentrat'ion on uptake. Although

no neljable cnitìcal values for wheat at headìng and mjlk stages could

be found, the Cu concentrat'ion at the 200 kgP/ha nate was much lower

than those necorded at El m Cneek and l¡J'i nkl en si tes for the same rate of

P broadcast (Tables 32 and 44).

Low ICu] 'i n shoots because of bi o1 ogi ca1 dì I uti on and r"el ati veìy

I ow gna'i n Cu concentrati on and uptake bended to suggest that coppen

might have been deficient at the 200 kgP/ha rate and mìght have been the

cause of I ower harvest i ndex at the 200 kgP/ha nate than at othen
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rates. It is not clear as to why grain yìeìd depressìon was accentuated

when 17 kgP/ha was banded with the seed jn sojl into which 200 kgP/ha

was i ncorporated pr"'ior to seedi ng because copper concentnat'ions and

uptakes both in vegetatìve and grain at the 200 kgP/ha rate w'ith and

wìthout P banded were almost the same.

Tinc concentratìon ìn shoots tended to decrease when P was broad-

cast and also when P was banded compared to the check (Table 23) at the

heading and milk stages. However, the decrease was main'ly due to bio-

logicaì d'ilut'ion as the nesult of increased growth due to P addjtions

because the Zn uptakes we r"e al most the same . At earl 'i er stages of

growth, the Zn concentrations tllene reìatìvely unifonm at all treatments

but the uptakes tended to'increase with jncrease in amount of P broad-

cast and i ncorporated pnì or to seedì ng . P banded wi th the seed

increased Zn uptake only when P was not'inconporated into soil prior to

seedi ng. The j ncrease i n Zn uptakes was probably due to earl 'i er

establ'ishment of a good root system as the resul t of P add'itì ons.

Although lln) in graìn tended to decrease with increase jn rates of P

broadcast, the uptakes were almost the same up to the 100 kgP/ha nate.

The low 7n uptake at the 200 kgP/ha was mainly due to low grain y'ield

necorded for this rate. P banded with the seed had little'influence on

e'ither. z'inc concentnation on uptake (Table 23) . Despite some vaniations

tn zinc concentrations and uptakes in vegetatìve and grain, zinc did not

seem to have been'lìmiting. For example, at boot and heading stages,

zinc concentnations in shoots were above the 15 ppm crit'ical values

I j sted by Mel sted et al . (1969) and ldard et al . (7973) respectì vely fot'

al I treatments.



Tabl e 23: Zn-Concentnation and
Mixed w'ith Soil and P

Uptake As
Banded with

Infl uenced
the Seed

56
by Amount of P

Staoe of P Banded
Gnoúth kg/ha

P Mixed with Sojl (kg/ha)

0 50 100 200

Early
Tilìerìng

Boot

Headi ng

Mitk

Gnai n

St raw

27
27

(2.7)
(3.6)

27
25

0
T7

0
L7

0
17

0
T7

0
t7

0
t7

26
18

1B

74

(3.4¡
(4 .3)

(2 .B)
(3.6)

Zn*
28
27

28
28

.4
4.4
4 )

)

2I
T7

(8.2)
( 14.3)

20
i9

(16.8)
(20.7)

19
i8

18
18

)

)

(

(
?2,7
20.9

56.0
68.0

24.8
27 .7

(
(

58.0
62.1

61 .6
56.9

l6
16

66.8
70.6

15
15

(65.5)
(65.2)

(

(
)
)

18
15

(

(
)
)

10
10

39
35

60.1
68.1

27
26

60 .6
69.0

2T
26

2I
20

4e.o)
34.0)

(78"e)
( e5 .4)

10
72

(6e.e)
(e2.5)

10 (73.0)
e (72.8)

)

)

(

(
)
)

(76.0
(87 .2

5 (28.8)
3 (le.5)

10
6

) 5 (22.0)
) 4 (22.0)

32.5
29.9

4 (2r.5)
4 (22.2)

* Numbens in bnackets
Numbens outside the

are Zn Uptake (g/ha)
brackets ar"e shoot I Zn] ( ppm)

Tabl e 24: Nìtrogen, K, Mn and Fe Concentratjons As Influenced by Arnount
of P Mixed w'ith Soil and P Banded with the Seed

Staqe
Groúth

P Banded
( kg/ha)

of P Mixed with Soìl (kg/ha)

0 50 100 200

Headi ng

Gnai n

Headi ng

Boot

0
T7

0
L7

0
T7

0
L7

0 161
165

28 "0
31.5

2.7
2"6

2.3
?.8

2.5
2.5

3"2
3.1

3.1
3.1

%N

%K

Mn(ppm)
26.5
31.4

Fe(ppm)
166
776

2.7
2.6

3.1
3.2

3.0
3"i

25.0
31.4

26.5
33 .7

L.7 6
r.44

r.72
r.47

1 .59
r.74

1 .61
1 "68

Boot
17

173
L62

168
156
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Nitrogen, K, Mn and Fe wene present in sufficient quant'itjes (Table

24). IlJard et al. (1973) jndìcated N and K suffjciency level in sp¡ing

wheat at head emengence as 2-3% N and L.5-3% K nespective'ly. Melsted et

al. (tgOg) l'isted Mn and Fe critical levels for wheat at boot stage as

30 and 25 ppm respectively. Manganese concentrations jn this study wene

close to the critical value. Inon concentrat'ions were well above the

critical value.

tlm Cneek

The depth of P inconporatìon d'id not affect the dry matter

yìeld significantly for any of the five hanvests nor d1d it affect graìn

yield (Tables 25 to 30). Where the other treatments wene sìgnificant

the r^esults from the two depths were combined making a total of I obser-

vations per treatment. Phosphorus banded with the seed had no signifi-

cant effect on dry matter y'ield at any of the five harvests non did it

affect grain y'ield (Table 30 and Fig. 3). However, P jncorporated into

soil pnior to seeding was found to affect the dr"y matter yìeld at the

boot , headì ng and mi I k g rowth stages , but not at the ea r'ly tì 'l I eri ng

stage nor when wheat was ful'ly matune. Phosphorus incorponated into

soil prìor to seeding also had no signifjcant effect on gr"aìn yield

(rable 30 and F'ig. 3).

At boot and heading stages of growth, thene was a significant dny

matten yield increase due to the addition of 50 kgP/ha but the jncrease

was not found to be significant at the milk stage (tables 26a,27a, and

Z9a). At the milk stage,100kgP/ha was required'in order to obtain a

signifjcant dry matter yield increase. Any further^ increase jn dry



Table 25: Influence of Amount of P Mjxed with Soiì, Depth
and P Banded wjth the Seed on Dry Matter Yie
Early Ti ì'leri ng (Eì m Creek)

5B

of P Mì x'ing
d ( kg/ha)I

Depth of P Mi xi ng
(cm)

P Mi xed wi th So'il
( kg/ha)

P Banded l,lith the Seed
(kg/ha)

0 L7

Dry Matter Yield

0 - 7.5

0-15

0
50

100
200

0
50

100
200

160
199
iB3
177

173
r79
213
168

135
746
t57
178

172
150
170
208

None of the treatment was s'igni f j cant.
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rxlng
v

Table 26: Influence of Amount of P Mjxed wìth Soil, Depth of
and P Banded wjth the Seed on Dry Matter Yield (kg/h
Stage (Elm Creek)

P

a) Boot

Depth of P Mixing
(cm)

P Mixed with So'il
( kg/ha)

P Banded trJith the Seed
( kg/ha)

0 L7

Dny Matter Y'iel d

0 7.5

0 15

0
50

100
200

0
50

100
200

1003
t402
r204
1294

1 141
r202
1 369
1408

923
r27 7
1436
r404

914
T284
1345
1 373

Table 26a: Influence of P Mìxed w'ith Soil and P Banded wìth the Seed 0n
Dry Matter Yield (kg/ha) over two Depths of P-mixing - Boot
Stage (El m Cr"eek)

Depth of P M'ixing:
P Banded w'ith Seed:
P M'ixed w'ith Soil:

P Mixed
( kg/ha)

0
50

100
200

P Banded with the Seedl
( kg/ha )

0 I7

Dny Matter Yield (kg/ha)

N.S.
N.S.
Si gnì fj cant P = 0.01

1032 a
1239 a

1402 a

1406 a

Mai n Effect of
P Mi xed w'ith Soi 12

958 a

1343 a

1345 a

1334 a

995 a

l29I b

1373 b

1370 b

Means with the same Iettelin each r-ow (1), and thjs column (2) are not
sìgnificantly d'ifferent at 5% Tukey's Studentjzed Range"
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Table 27: Influence of Amount of P Mixed with Soì1, Depth of P Mìxing
and P Banded with the Seed on Dry Matter Yield (kg/ha)
Head'ing Stage (Eì m Creek)

Depth of P Mixing
( cm)

P Mixed w

( kg/
ith Soi I
ha)

P Banded i nto the Seed
( kg/ha)

0 T7

Dr"y Matter Yield

0 - 7.5

0-15

0
50

100
200

0
50

100
200

3595
4t07
3924
377 4

3359
4060
3780
3958

3721
37 69
3563
396 3

3533
3913
4284
3902

Table 27a: Influence of P Mixed with Soil and P Banded with the Seed 0n

Dry Matter Yield (kg/ha) over two Depths of P-mìxing
Heading Stage (flm Creek)

Depth of P Mix'ing:
P Banded wi th Seed:
P Mixed with Soil:

N.S .
N.S.
S'ignificant P = 0.05

3627
3B4i
3923
3932

xed
ha)

Mi

s/
P

(k
P Banded wìth the Seedl

( kg/ha)

T7

Dry Matter Y'ield (kg/ha)

Mai n Effect of
P Mìxed with Soi12

0

0
50

100
200

3477 a

4083 a

3852 a

3866 a

a
a
a

a

3552 a

3962 b

3888 b

3899 b

1 Means with the same letter" in each row are not sìgnificantly differ-
ent at 5% Tukey's Student'ized Range.

2 Means with the same lettelin this column are not different at 5%

Tukey's Studenti zed Range.
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Table 28: Influence of Amount of P Mìxed with Soi1, Depth of P Mixing
and P Banded with the Seed on Dry Matten Yìeld (kg/ha) - Mjlk
Stage (Eìm Cneek)

Depth of P Mìxìng
(cm)

P Mixed with Soil
( kg/ha)

P Banded tnj'it h the Seed
( kg/ha)

0 t7

Dr"y Matter Y'ield

0 - 7.5

0-15

0
50

100
200

9 145
9705
97 r5
9642

8637
9t02
9930

10095

91 70
8657

t0432
9555

9905
10390
9810

IOB27

0
50

100
200

Table ZBa: Influence of P Mixed with So'il and P Banded with the Seed 0n
Dry Mat'Ler Yield (kg/ha) over two Depths of P-mixing - Milk
Stage (E1m Cr"eek)

Depth of P M'ixi ng:
P Banded w'ith Seed:
P Mixed w'ith Soil :

P Mixed
( kg/ha )

P Banded w'ith the Seedl
( kg/ha)

L7

Dry Matter Yield (kg/ha)

N.S .
N.S.
Si gni fj cant P = 0.05

953
952

IOL2
10i9

Main Effect of
P M'ixed wi th So'i I 2

0

0
50

100
200

8891 a

9464 a

9972 a

10030 a

7a
3a
1a
1a

9214 a

9493 ab
10046 b

10110 b

Means w'ith the same letter
si gn'if ì cantly d'if ferent at

each row (1), and thjs column (2) are not
Tukey's Student'ized Range.

1n
5%



Table 29: Influence of Amount of P Mixed w'ith So'i1, Depth
and P Banded with the Seed on Dny Matter Yield
Matunìty (Elm Creek)

o
(k

62

f P Mixing
g/ha) - At

Depth of P Mixing
(cm)

P Mixed with Soil
( kg/ha)

P Banded 'into the Seed
( kg/ha)

0 t7

Dry Matter Yield

0 - 7.5 0
50

i00
200

0
50

100
200

9260
8755

1001 2

87 67

8660
8632
8645

10455

9620
8657
9367
8777

0-15

None of the treatments had a sìgnificant effect on dry matter yieìd at
5% Tukey' s Student'ized Range.

Table 30: Influence of Amount of P Mixed wjth Soil, Depth of P Mixìng
and P Banded with the Seed on Gr"ain Yjeld (kg/ha) (Elm Creek)

96 i0
997 5

10270
9425

Depth of P M'ixi ng
(cm)

P Mixed with Soil
( kg/ha)

P Banded into the Seed
( kg/ha)

170

Grai n Yield

0 - 7.5 0
50

100
200

0
50

100
200

3572
3460
3902
3442

3562
3420
3602
3430

0-15

None of the treatments had a s'ignifjcant affected graìn yìeld at 5%

Tukey' s Student'ized Range,

3280
3452
3290
39 15

37 45
3682
3848
3692
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ELM CREEK

Wilhoul P bonded

t 17 kgP/ ho bonded wilh

{he seed

,/--.--
7-7

36

34 Effect of P

mixed with soil

( LSD: P = O.O5 )

32

Effect of P

bonded wilh îhe seed

(t-SO:P=O.O5)

30
too t50 200o 50

P mixed with soi I ( kglho )

Figure 3: Influence of P Mixed w'ith Soiì Prior to Seeding and P Banded

with the Seed on Gra'in Yieìd
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matter y'ield due to amounts of P gneater than those above was not sign'i-

fi cant.

The effect of P broadcast and P banded w'ith the seed on P concen-

trations'in shoots and total P uptakes were examined to see if they

could explain the above observations. The trends for P concentrat'ions

'in shoots and total P uptakes at the boot and headì ng stages of gr^owth

jndjcated an increase when P was broadcast and incorporated into soil

pn'ior to seeding companed to the check plants. The djfferences in P

concentnations and uptakes due to 50 kgP/ha or greater were very small

(Table 3i). At the milk stage, the increase in P concentnatìon and up-

take due to P bnoadcast was appanent when 100 kgP/ha or more was'incor-

porated 'i nto so1 I . At the early tì 1 1 eri ng stage (faUl e 31) the

difference jn P concentnation as well as P uptake due to P bnoadcast was

small probably because of low demand for P by the crop. The jncnease in

P concentrat jon as wel I as P uptake due to P broadcast 'indìcated that P

availability to the plants was increased by P broadcast. Thjs may

partly explaìn the dry matter yieìd responses to P broadcast and incor-

porated i nto so'il pri or to seedì ng.

P banded with the seed increased tPl jn shoots and uptake only at

the boot, heading and milk stages of growth. However, even at these

growth stages the IP] and uptakes vvere'increased by banded P only when

no P was i ncorporated 'i nto soi 1 pni or to seedi ng, 'indi cat j ng that banded

P had no effect on tPl and uptakes when P was bnoadcast to so'il. The

increases 'in [P] and uptake jn thjs case was on'ly a response to added P

compared to the check. Howeven, such jncrease'in IP] d'id not result'in

a sign'ificant dry matter yield jncrease. The lack of dry maLter yield
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j ncnease coul d not be accounted for. At eanly tì 1 ì eri ng, the

diffenences in P concentration and uptake due to banded P was smallen

regard'less of the quantìty of P which was incor"por"ated 'into so'i1 prìor

to seeding also probably because of low demand for P by the crop.

The dry matten yield response to P bnoadcast obsenved at the three

mìd-stages of growth was not howeven, neflected in dry matter incnease

of the mature crop nor was jt neflected jn the grain yield. The examin-

ation of shoot P contents fot" example at the boot and heading stages of

growth (Table 31) 'indicated that P was 'in the suff iciency r"ange even 'in

the check plants. The 0.36% P in shoot recorded at the boot stage was

above the 0.30% P cr"it'ical value suggested by Melsted et al . (1969) at a

similar^ stage. l,,land et al . (1973) suggested that P sufficìency level

for wheat at heading was between 0.2-0"5% P. The value of 0.2I% P

necorded for the check plants at the headìng stage was within the suffi-

c'iency nange, The above suggests that probably P was not the most

1 imiti ng facton for growth. It i s I ì ke'ly that the dny matten yi el d

nesponse to P broadcast was the result of increased numbens of t'iìIers

in nesponse to P above what was obtained in the check plots. Some might

have died before maturity due to lack of othen factons.

Copper concentnations in shoots and uptakes wene l'ittle affected by

eithen the rates of P broadcast, ot" by P banded wjth the seed throughout

the gnowing period. According to the shoot Cu concentrat'ions (Table

32), copper djd not seem to be limit'ing. At the boot stage fon example,

the values of 3.7 to 5.3 ppm Cu in shoots wene well above the 3.3 ppm Cu

considened by Gupta and McLeod (1970) to be the opt'imum for wheat at

that stage of gnowth and above the defìc'iencjes level of 3.0 ppm Cu
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P Mì xedTabl e 31: P Concentrati on

with So'il and P

and Uptake As Influenced by Amount of
Banded with the Seed (Elm Creek)

Staqe of P Banded
Groúth kg/ha

P M'ixed wi th Soi l (kg/ha)

0 50 100 200

Ea r'ly
Ti1lering

Boot

Head'ing

M'il k

Gra'in

St raw

o.50( .74
0.43( .7 4

0.36(3.5)
o .4e (4 .5)

0.2r
0.26

0.19 ( 16 .8 )
o.2L(20.0)

0.48(.s3)
0.51(.84)

0.45 (6 .1)
o .49 (6 .1)

0.27 (11.0)
0.31(i1.e)

o.3i(11.e)
0.31( 12.2)

o.30( 11.6
0.36(14.2

0.22
0.21

21.7
2L.4

0.07
0.07

0
T7

0

t7

0
L7

0
L7

0
t7

0
I7

P*
0 .58
0.59

0
1

0.66(1.1)
0.67 ( 1 .3)

0.46(6 .2)
0.52(7 .4)

(7.3)
(t .g)

)

)

1

1

(

(

0.55
560

( 7 .3)
(e.4)

0.19(17.8) o.20(19.6)
0.18(17.r) 0.19(19.2)

0.45
0.44

15 .9
16.2

0 .45
0.44

15 .5
t5.7

0.45
0.45

16 .1
17 .3

(
(

(

(

o.47(16.e)
0.44(15.5)

o .04(2.2)
o.o4(2.4)

o.o5(2.6)
o.o5(2.8)

o.o5(2.8
0.05(3.0

)

)

4
3

1)
e)

* Numbe ns
Numbe ns

in brackets = P uptake (kg/ha)
outs'ide the brackets = P Conc . (% V)

Cu Concentnat'ion and
M'i xed w'i t h Soi I and P

Uptake As Influenced by Amount of P

Banded w'ith the Seed (Elm Creek)
Table 32:

Staqe of
Groñth

P Banded
kg/ ha

P Mixed wjth Sojl (kg/ha)

0 50 100 200

Early
Ti11erìng

Boot

Headi ng

Milk

Gna'in

St raw

0
T7

0
T7

0
T7

0
t7

0
T7

0
T7

5.2
5.9

6
5

0
B

3.1 (

3.0 (

2"5
2.6

(

(
0.89
1.0)

) 6.3
6.2

5.3
4.4

2.7
3.0

3.0
2,8

2"8
1.9

3.7
4.2

3.0
4.2

1)
o)

(7
(6

5.2
4.8

3.2
3.5

3.4
3.4

Cu*
6.4
6.5

(0.e)
(0.e)

(i.1)
(r "2)

2

2

2
3

1

1

7

6
4,4 (4.3)
4.6 (4.4)

1

0
5

6

3.2
4.7

3.7
3.8

(29.5

13.0
i4.0

)
)

(
(

3.4
3.7

13.8
14.4

11 .6
16.6

( 12.3)
(i8.6)

27 .5
28.6

(30.0
(33.3

26.6
30 .6

3.0
3.0 (30.3

3.0
3.i

(
(

3.2
3"4

(11.2)
( 12 .1)

(11.6)
(11.7)

L0 "7
11.6

1i.0
10.3

(
(

)
)

(13.9)
( 15.6)

15 .1
T2 "B

3

2
2.8
2.2

*

.1 ( 17.e)

.o ( 12.1)
(16.e)
(10.0)

Numbers 'in brackets
Numbers outside the

= cu uprake (s/ha¡
bnackets = Cu Conc. (ppm)
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suggested by McAndrew (1979). At heading, shoot Cu concentrations were

all above 3.0 ppm. Reliable l'itenatur"e r"egarding the critical level fon

Cu at this stage could not be found. It was felt that the critìcal value

of 5.0 ppm Cu suggested by þJard et al . (1973) was rather too hìgh

accordìng to this study because no visual Cu deficiency symptoms were

seen and grain yie'lds were generally good despite that coppen concentra-

tion val ues 'in shoot wene less than 5.0 ppm.

General 'ly ztnc concent nat1 ons and uptakes were not af f ected by P

broadcast or by P banded with the seed throughout the gr"owìng peniod

(Table 33). The zjnc contents in shoots as determined at the boot and

head'i ng stages were wel I above the 15 ppm suggested by Mel sted et al .

(1969) and l,Jard et al . (1973) respect'ively, as being critjcal .

Potassium and nitnogen were added to the so'il in 'large quant'ities

prior to seeding. Also suffjc'ient quantitìes of these nutrients were

taken up by the p'lants as ev'ident f rom shoot N and K concentnatì ons

(Table 34). At the heading stage for example, N and K were above the

suffjciency levels 'indicated by l,'lard et al. (1973). These researchers

'indi cated that wheat was K def i ci ent 'if tì ssue concentrati ons at the

heacli ng stage were I ess than L.25% K. The same researchers al so 'ind j -

cated N suffjciency level ìn spring wheat, at head emergence as 2.0% N.

Mel sted et al . ( 1969) l'i sted the Fe and Mn cnitical level s for

wheat at boot stage as 25 ppm and 30 ppm nespectìvely. The Fe and Mn

val ues 'in th'i s study as determ'i ned at the boot stage (Tabl e 34) j ndi -

cated that adequate amounts wene pnesent in all treatments.
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ofPTable 33: Tinc Concentnation

M'i xed wi t h Soi l and
and Uptake As Infl uenced by Amount
P Banded with the Seed (Eìm Creek)

Staqe of P BandedGnoúth kg/ha
P Mixed with il

Ea rly
Ti'l'leni ng

Boot

Headi ng

M'il k

Gnai n

St naw

0
L7

0
17

0
I7

0
I7

0
t7

0
t7

45
45

13
I2

3B
34

43
37

7n*
47
40

(6 .6 )
(7 .B)

(1oB.o)
(91 .o)

133.o)
r24.0)

29
27

26
26

(e3.0)
(e7.0)

115.0) 11 ( 103.4) 11
113.5) 9(86.0) 9

(10o.o)
(e6.0)

44
4T

35
31

(47 .o)
(43.5)

30 (40.0)
32 (44.9)

11(108.5)
1o( 101.e)

?5 (92.0)
25 (8e.0)

7

7

7

6

(7.e)
(7 .6)

3)
1)

I
I

)

)

31
37

31
30

4r.6
37 .L

(76.4
(82 .o

2L
2I

76.8
83.0

20
2L

78.0
80 .5

22
20

83 .0
81.0

29.6
34 .1

(

(

(

(

3.7 (

4.2(
4.3
4.7

22
23

6.6
5.7

(

(

(36.0
( 33.e

4.6
5.0

24.0
28.0

)

)

(

(
)

)

24.6
28.6

22.0
23.0

)

)

* Numbers in brackets = Zn
Numbers outs'ide brackets

Table 34:

Uptake (g/ha)
= Zn Conc. (ppm)

Nitrogen, K, Mn and
Infl uenced by Amount of
the Seed (Elm Creek)

Fe Concent rati ons and
P M'i xed wi th Soì I and P

Uptake As
Banded w'ith

Staqe of
Groúth

P Ban
kg/ h

PM xed w'ith So'il kg/ha
a

0 50 100 200

Boot

Headi ng

Gna'in

Headì ng

Boot

0
L7

0
17

0
T7

0
T7

0
L7

0

4.7
5.1

2.4
2.7

3.0
3.1

2.3
2.2

.5

.7

4.8
4.9

3.1
2.9

2.?_

2.4

2"4
2.7

2

2

2"4
2.r

Mn ( ppm)

%N

%K

33 .1
30.0

Fe( ppm)
9B

114

4.7
5.0

3.0
3.0

4.6
4.8

2.6
2.6

1

1

3
3

2.3
2.6

29.9
29 "7

29.0
31.9

29,0
32 "0

B1

i10
90

103
95

101
Boot

I7
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Wì nkl er

The dry matten yieìd was not s'ign'ifìcantìy affected by the

depth of P ìncorporatìon nor by the amount of P bnoadcast and'incorpon-

ated into soiI pn'ior to seeding for any stage of gnowth (Tables 35 to

39) . However, the 17 kgP/ha banded w'ith the seed i n so'i I 'i nto whi ch 0 ,

50, 100 and 200 kgP/ha was 'incorpor"ated prì or to seedi ng i ncneased dry

matten yie'ld signifìcantìy at all stages of gt'owth except at the boot

and milk stages (Tables 35a, 37a, 39a and Tables 36 and 38). S'ince the

depth of P ìncorporation had no sjgnificant effect on dny matter yìeld,

the means in Tables 35a,37a and 39a ane made up of e'ight observations.

The depth of P ìncorporation djd not affect grain yieìd sìgnifi-

cantìy either'(Table 40) and therefor"e the means in Tables 40a ane also

made up of eight observatjons. The 17 kgP/ha banded wjth the seed in

soìl ìncneased grain yield signìficantly at all levels of broadcast P

(Table 40a). Thene was a declìning trend in gnaìn yìeld as the amounts

of P broadcast wene incneased. The decrease, however, was significant

on'ly at the 200 kgP/ha rate (Tab1e 40a, F'ig. 4) .

The trends of P concentratìons'in shoots at headjng stage indicated

an jncrease when P was banded w'ith the seed regandless of the amounts of

P broadcast. Total P uptake at thjs stage also showed a similan trend

(Table 41). Durìng early tillen'ing, the djfference jn P concentrat'ion

as well as tota'l P uptake was small due probab'ly to the low demand for P

by the crop. For the rest of the sampl ì ng stages , the d'if ferences 'in P

concentr"at'ions and uptakes due to banded P were not obv'ious and the

neason for this is unclean (Table 41). The fact that both P concentra-

tion and uptake were jncreased by banded P at boot stage at least showed
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Table 35: Influence of Amount of P Mixed wjth Soi1, Depth of P M'ixìng
and P Banded w'ith the Seed on Dry Matter Yi el d (kg/ha)
Early Ti I I eri ng (t^li nk'ler)

Depth of P Mixing
(cm)

P Mixed with So'il
( kg/ha)

P Banded With the Seed
( kg/ha)

0 T7

Dry Matter Yield

0 - 7.5

0-15

0
50

100
200

0
50

100
200

2t5
260
230
242

L94
202
224
187

237
238
273
245

244
268
269
250

P Mixed with So'il :

P Banded with Seed:
Depth of P M'ixìng:

Table 35a:

N.S.
Si gni fi cant P = 0.05
N.S.

Influence of P Banded with the Seed on Dry Matten Yjeld
for 0ne Level of P M'ixed with Soil Over Two Depths of P

M'ixing - Early T'iller"ing (hJ'inkler)

P Mixed
( kg/ha)

P Banded with the Seed
( kg/ha)

t70

0

50
100
200

Dry Matter Yield (kg/ha)

20
23
22
21

4a
2a
Ba
4a

24I b

253 b

270 b

247 b

Means wjth the same lettelin each now ane not significantly different
at 5% Tukey's Studentized Range.



Tabl e 36

7L

I nf I uence of Amount of P M'ixed w'ith soi 1 , Depth of P Mi xi ng

and P Banded wjth the Seed on Dry Matter Yìeld (kg/ha) - Boot
Stage (l^lìnkler)

Depth of P M'ixi ng
(cm)

P Mixed w'ith Soil
(kg/ha)

P Banded t^l'ith the Seed
( kg/ha)

170

Dry Matter Yield (kg/ha)

0 - 7.5

0-15

0
50

100
200

0
50

100
200

1392
15 17
t7 t6
L6B7

L282
L528
1560
1 394

1583
i370
t697
i560

15 57
1687
16 14
i440

None of the treatments affected dry matter yield significantly.

Tabl e 37 Influence of Amount of P M'ixed wjth Soil, Depth of P Mixing
and P Banded with the Seed on Dry Matter Yield (kg/ha)
Headi ng Stage (t^l'i nkl er)

Depth of P Mixing
(cm)

P M'ixed with Soil
( kg/ha)

P Banded W'ith the Seed
( kg/ha)

0 T7

Dry Matten Y'iel d

0 - 7.5

0-15

0
50

100
200

0
50

100
200

4466
4932
4580
4783

4714
4789
4498
4916

4940
5380
4582
5334

5145
5384
5485
54i3

Depth of P Mixing:
P Mixed with Soil:
P Banded with Seed:

N.S.
N.S.
Si gni fj cant P = 0.01



Table 37a: Influence of P Banded w'ith the Seed
for One Level of P M'ixed wi th Soi I
P Mi xi ng - Headi ng Stage ( Wì nkl er)

72

on Dry Matten Yl'el d
Over Two Depths of

P Mixed
( kg/ha)

P Banded w'ith the Seed
( kg/ha )

0 T7

Dry Matter Yield (kg/ha)

0
50

100
200

9045 a

a
a
a

504
538
503
537

3b
2b
3b
3b

486
453
484

0
I
I

Means wìth the same letter in each row ane not signifìcantly different
at 5% Tukey's Studentized Range.

Table 38: Influence of Amount of P Mìxed with So'i1, Depth of P Mixìng
and P Banded wjth the Seed on Dry Matter Yjeld (kg/ha) - M1lk
Stage (Winkler)

Depth of P Mixìng
(cm)

P Mixed with Soil
( kg/ha)

P Banded l,'Jith the Seed
( kg/ha)

T70

Dry Matter Y'i el d ( kg/ha)

0 - 7.5

0-i5

0
50

100
200

9286
10145
9655

1010 2

1007 2

LOT52
97 40
97 10

10120
10280
10337
10L72

0
50

100
200

107 77
10650

9940
10040

None of the treatments affected dry matter y'ieìd s'ign'ificantly.
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Table 39: Influence of Amount of P Mjxed wìth Soi1, Depth of P Mixing
and P Banded with the Seed on Dry Matter Yield (kglha) - At
Maturity (l^linkler)

Depth of P Mìxìng
(cm)

P Mixed with Soil
( kg/ha)

P Banded with the Seed
( kg/ha)

0 T7

Dr"y Matter Yield

0 7.5

0-15

0
50

100
200

0
50

100
200

8705
86 10
8420
8105

10060
9262
9202
9322

8493
8760
BB25
8125

9382
9437
9407
9r25

Depth of P Mixing:
P Mixed with So'il :

P Banded with the Seed:

N.S.
N.S.
Si gnì fi cant P = 0.05

Table 39a: Influence of P Banded wjth the Seed on Dry
for 0ne Level of P Mi xed w'ith Soi I Oven Two

M'ixì ng - At Maturi ty (bJi nkl er)

Matter Y'iel d

Depths of P

P Mi xed
( kglha)

P Banded with the Seed
( kg/ha )

0 L7

Dry Matter Yield (kg/ha)

0
50

100
200

8598
B6B5
8627
81 15

a
a

a
a

9721 b
9349 b

9305 b

9223 b

Means wìth the same letter" in each row ane not significantly dìfferent
at 5% Tukey's Studentized Range.
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Table 40: Influence of Amount of P Mixed with Soil, Depth of P Mixing
and P Banded with the Seed on Grain Yield (kg/ha) (l'Jinkler)

Depth of P Mì xi ng
(cm)

P Mi xed w'ith So'il
(kg/ha)

P Banded with the Seed
(kg/ha)

0 t7

Grai n Yi el d

0 - 7.5

0-15

2852
2602
2435
2t90

3120
305 5
2722
?590

0
50

100
200

0
50

100
200

2500
2645
2617
23t5

2930
2782
2925
2617

Depth of P M'ixi ng:
P Mixed with Soil:
P Banded with the Seed:

N. S.
Si gnì fi cant P = 0.05
Sign'ificant P = 0.01

Table 40a: Influence of Amount of P Mixed with Soil and P Banded with
the Seed on Grain Yield Over" Two Depths of P Mixing (tlìnkìer")

P Mi xed
( kg/ha)

P Banded w'ith the Seed
( kg/ha )

0* t7

Grain Yield (kg/ha)

0
50

100
200

2676 B a
2633 B a

2526 AB a
2252 A a

3025 b

2918 b
2823 b

2603 b

Means with the same small letter"'in each now ane not sign'ificantly
di'tferent at 5% Tukey's Student'ized Range.

Means with the same capital letter" in this column are not sign'ificantly
different al 5% Tukey's Studentized Range.
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that P in the band was more avajlable than P m'ixed with soil. Thìs may

expl aì n the d r"y matter and gra'i n y'iel d nesponse to banded P at th'i s

site. The P concentration and uptake due to dìffenent rates of P bnoad-

cast and i ncorponated 'i nto soi I prì or to seedi ng showed one obvì ous

tr"end. The P concentratìons and uptakes were higher when P was added to

soil than when no P was added. But the d'iffenences'in P concentnations

and uptakes due to d'ifferent rates of P were veny smalI at early stages

of growth and djd not show any consi stent trend at I ater stages of

gr"owth (Table 41). Thìs would suggest that the ava'ilabil'ity of P mjxed

with sojl to the plants was about the same at 50 kg rate and beyond.

Th'is may partly exp'laìn the lack of signifjcant dry matter response

between various nates of P but failed to account for the lack of dt"y

matter yield response betwen the 0-P ra'Le and the nest.

The declin'ing trend of graìn yieìd as the amount of P bnoadcast and

'i nconporated 'into soi l i ncreased was di f f i cul t to account for because no

s'ign of seed and seedlìng injur"ìes vvas evident from the dry matter yie'ld

r"esponse at eanly stages of gr"owth. Secondly, most of the nutrj ents

whjch were examìned'in this study wer"e'in sufficient quantitìes (Table

42). Ward et al . (1973) 'ind'icated sufficìency values of 2-3% N and 1.5-

3% K for wheat at heading stage. Alì nitr^ogen values in this study were

close to 3%. The K values wene within the sufficiency nange. Iron and

manganese concentnations were far above the crit'ical value of 25 ppm and

30 ppm respect'ive1y indìcated by Melsted et al . (1969) " Zinc concentra-

tions in shoots (Table 43) wene also above the 15 ppm cr"'itical levels

(Melsted et â1.,1969; l,,lard et ô1., i973). Shoot Cu-concentratjons at

boot stage (Table 44) were marginal according to Melsted et al. (1969)
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of P Mi xedTabl e 41 : P Concent nat'i on
w'ith Soil and P

and Uptake As Influenced bY Amount
Banded with the Seed (Wi nk'ler)

Stage of
Growth

P Banded
kg/ ha

P M'ixed wì th So j I (kg/ha)

0 50 100 200

Early
Ti'l1eri ng

Boot

Headi ng

Milk

Grai n

St naw

0
17

0
17

0
17

0
L7

0
t7

0
T7

0.56(1.i)
o.5e(1.4)

(1.4)
(1"5)

3)
3)

o .36 (4 .B)
o.40(6.3)

0.22( 1o.o
0.26(13.1

.34(16.5)

.36 ( 19 .4)

P*

0.52(8.5)
0.52(8.6)

0.37 ( e .3)
o.40(11.3)

0.52(8"0)
0.53(B .o)

0.26(26.0
0.28(28.3

0.35(16.9)
o.40(2r.4)

0.60
0 .59

0.61(1.4)
0.62( 1 .6)

0.65
0.60

1

1

4
5

0 .48
0.48

0 .37
0.43

7

7

)o
)o

0.31(14.i)
0.34(17.i)

0.15(14.5
o.20(20 .9

0.33(9.9)
0.36( 10.9)

) o.20(20.3) 0.27(26.0)
) o.20(20.e) 0.23(23.3)

)

)

s.7)
72.5)

0.44
0 .39

e.e)
io.2)

(

(

0.r2
0.06

(

(
)
)

(
(

)

)

7

4
i

.0
o .11 (6 .B)
o.o8(5.4)

o.08(4.7)
o.1o(6.5)

0.09
0 .10

5.5
.46

* Numbers in brackets
Numbe ns out s'i de t he

= P uptake (kg/ha)
brackets = T'issue Conc . ("t v¡
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Table 42: Nìtrogen, K, Mn and Fe Concentrations As Influenced by the
Amount of P M'ixed with Soil and P Banded w'ith the Seed
(W'inkl en)

P Mj xed w'ith Soi I (kg/ha)Stage of
Growth

P Banded
( kg/ha )

0 50 100 200

Headl ng

Gna'in

Headi ng

Boot

Boot

0
T7

0
t7

0
17

0

T7

0
L7

54
6B

69
67

67
6tl

131
L28

2.6
2.7

3.3
3.3

2,5
2.3

2.6
2.6

%N

2.7
2.8

3.3
3.2

%K

Mn( ppm)
64
61

Fe( ppm)

139
r26

2.7
2.7

3.4
3.3

2"4
2.L

2.3
2.3

4
3

3

3

2.3
2.5

t23
L20

i35
138
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ofTable 43: Zinc Concentrat'ion and Uptake As Influenced

P M'ixed with Soil and P Banded with the Seed
by the Amount
(Winkler)

Staqe of PGnoúth (
Ba

ks/
nded
ha)

P Mìxed wìth Sojl (kg/ha)

0 50 100 200

Early
TiIIering

Boot

Headì ng

Milk

Gra'in

St raw

(41 .o )
( 51 .e)

28
26

(47.7)
(45.0)

(eo.o)
(81 .o)

0
17

0
t7

0
L7

0
L7

0
I7

0
L7

40
45

7n*
4t
44

e.3)
11.8)

43
42

(9.2)
( 10.4)

8.1)
10.8)

9.5)
10.6)

(a¡ .o)
(103.0)

(
(

(

(

(

(

4t
42

(

(

24
31

18
15

L2
10

36
28

27
34

31
30

32.0
48.6

83.0
75.0

97 .0
85.0

)

)

)

)

8
0

45
43

(

(
L7
19

1B
18

19
15

116.0)
104.o)

13
10

(132.0)
( 105 .0)

10
10

e7.o)
103.o)

10
10

32
27

83.0
77 .0

27
25

6B .0
7i.0

(82.0)
(89 .o)

eB.o)
101.0)

(

(

(
(

)

)

)
)

)
)

(

(

26
23

58 .0
60.0

7 (40.0) 4
5 (32.0) 5

(26.0)
(33.0)

4 (26.0)
4 (2e.0)

5 (27 .o)
4 (28.0)

* Numbe rs
Numbe ns

in brackets = Zn uptake (g/ha)
outs'ide the brackets = Zn Conc . (ppm)

Cu Concentration and Uptake As Influenced
Mixed with Soil and P Banded with the Seed

Tabl e 44: by the Amount of P

( hli nkl en)

Staqe of P BandedGnoúth ( kg/ha)
P Mixed with Soil (kg/ha)

0 50 100 200

Ea rly
Tillering

Boo'L

Head'ing

Milk

Grai n

St raw

0
17

0
17

0
t7

0
L7

0
1.7

0
T7

4.2
5.1

(1
(1

(6
(7

3.3 (8
3.1 (e

1.6
1"8

7.5 (1.6)
7 .o (r.7)

8.1
6.7

(5
(7

4.1
4.7

3.7
3"6

(e.4)
(z.o¡

3.5
2.5

r"2
1.6

e)
7)

5
9

6

1

Cu*
7.4
8.1

7

2

3

4

1

2

7

5

7.9
7.6

4.7
4.1

3.1
3.5

2.5
2.6

2.r
1.8

(1.7)
(1.e)

(z.l¡
(6,2)

)
)

)
)

7

5

4.4
3.2

3.4
3.6

3.i
2.5

2
2

I.7
t"7

5
6

16.6
18 .3

17.0
19 .5

( 15 .2)
( 18.4)

(

(
)
)

3.5
3.6

(

(

(14.8)
(18.9)

3.3
2.5

3.2
2.3

(32.9)
(24.r)

(32.4)
(26.0)

2

2

(
(

)

)

30 .3 .8
25.6 .8

6.3
7.3

28.5
?8.7

(

(

6.1 )

)66

(7 .4)
(11"0)

(13.3)
(11 .e)

*

( io.6 )
(1i.5)

( 12.5)
(12.0)

Numbe rs
Numbe rs

i n brackets
outside the

= Cu upt
b nacket s

(g/ha)
Cu Conc. (ppm)

ake
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but they were'above the optimum level of 3.3 ppm Cu suggested by Gupta

and McLeod (1970) and above the deficiency level of 3.0 ppm suggested by

McAndrew (1979) at the same stages of growth. The severe lodgìng at

this s'ite at headìng stage could partly account fot the Iow harvest

'index (faUe 19) reconded at th'is s'ite compared to Elm Cneek site,

probably by affectìng the ljght interception jn the crop (fishen and

lnjilson, Lg75). The declining trends of gra'in yìeld oberved as the level

of broadcast P increased could not be explajned by lodging as this was

almost uniform over all treatments.

P concentrations and P uptake by p'lants wene not influenced by the

depth of P'inconponatìon fon any stage during the entine growing peniod

(Table 45). Th'is helps to explain the lack of response to depth of P

i nco npo rat i on .



Tabl e 45
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P Uptake and Concentration As Inf'luenced by the Depth of P

I nco rponat ì on

Stage of
Growth

Depth of P

Incorp. (cm)
P Mi xed w'ith So'i l ( kg/ha)

0 50 100 200

Eanly
T'i1l eni ng

Boot

MìIK

o.6o(i.6)
0.64(1 .3)

0.62
0.60

0.53(8.9)
0.51(7.1)

(7 .6)
(7.0)

(i.4)
(1.3)

0.54(1.2)
0.57(1.1)

0-
0-
0 - 7.5
0-15

7.5
15

7.5
15

7.5
15

0.35
0 .37

0.22
0.2I

(4.e)
(4.7)

0.50
0.46

o .37 ( L8 .2)
0.31(14.8)

0.46(7.9)
0.52( 8.1 )

0.31( 14 .2)
o.30(13.5)

o .26(25 .1)
0.26(25.3)

0.65( 1 .6)
0.61(1.1)

0.35(t6.7)
0.34(16.7)

0.25(25.3)
0.26(25.2)

0-
0-

Head'ing

0-
0-

.B9
9

)
)B

0 .16
0.14

14.e) 0.22(22.3)
14.1) 0.19(19.3)

Note:

Numbe rs
Numbe ns

i n bnackets
outside the

= P Uptake (kg/ha)
brackets = P Conc. (% V¡
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Chapter 6

STUDY 3: LYSIMETER EXPERIMENT

Introducti on

In the fj rst growth chamber expeniment it was found that the effect

of P incorporated into 0-15 cm and 15-30 cm depths on phosphorus denjved

fnom fert'i I i zer or d ny matter yìeì ds wene not only si gni fi cantly

di f fenent at each so'il moi sture regime.

An experiment to evaluate the effect of sha"llowly ìncorporated P

and deep'ly incorponated P on yìe'ld nesponses under fjeld cond'it'ions was

conducted'in the field us'ing lysimeters. Attent'ion was paid to the

effect of P add'itìons and depth of P incorporation on dry matter and

gnaìn yìe'ld.

Materi al s and Methods

The experiment was conducted adjacent to the large field experiment

at the Haywood site discussed in Chapter 4. A randomjzed comp'lete block

design was used with four r"epl ications. Open end iron cy1 inders (lysj-

meters) which wene 25 cn in depth and had a cross-sectional anea of 0.99

nZ wene arnanged evenly and pressed into the ground to the depth of

about 20 cm . The 1ys i mete r"s we re p'l aced 35 cm apa rt between repl i cates

and 63 cm apart wjthjn replicates. So'i1 was dug out of each ìysimeter

fnom the approprìate depth leaving the sojl below it undjsturbed. Fon

15-30 cm P incorponat'ion, soiI from 0-15 cm layer was dug out first and

put on a separate papen. The soils were mixed thoroughly w'ith ferti-
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Iizer P on a plastic paper. Appropniate amounts of P (DCPD) granu'les

wene crushed in a mortar then mixed wjth a small amount of dry soil.

The mixtune was then mixed wjth a small portion of soil to which P had

to be added. The m'ixture was then m'ixed with some mone soi I and

nepeated until the P was m'ixed wjth the ent'ine volume of soil. The soil

and added P was then returned to the ìysimeter into the appnopriate

depth. Treatments are shown'in Table 46. In addition to P the equivaì-

ent of 200 kgK/ha (fCt) and 150 kgN/ha (NH4N03) wer"e also applied to all

tneatments. These wene mixed wjth soil in the 0 to 7.5 cm ìayer the

same way P was added. About 23 seeds (equìvalent of 100 kg/ha) of wheat

(Tritìcum estium var. Columbus) were planted in each lys'imeter. The

seed were pl anted 'into about 23, 2,5 cm deep hol es whi ch were even'ly

spaced on the soil surface in each lysìmeter'. The area between the

lysimetens and an area extending about 1.0 m outsjde the outer lysi-

metens was also seeded w'ith the same variety us'ing a hand driven one-row

seed dn'ill. This area vvas fert'ilized with blanket quantities of N, P

and K pri or to seedi ng. The fent'i I i zers, NH4N03, DCPD and KCI were

canefulìy hand broadcast jn thjs area and mìxed in with a hand hoe.

Planting was done on the lst of June, 1982. Germination and emergence

wene good. The mature plants fnom each ìysìmeten were harvested just

above the soil surface. The numben of t'illens with fertile heads for

each lysìmeter were counted. The samples wene a'ir drjed and total dry

matten yield determined. Samples were then hand threshed and the clean

gnai n we'ight determ'ined. Al so 100 kernel we'ight fon each lysimeter was

determi ned. Gnai n and str"aw samp'les were ground for P ana'lysi s.
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Table 46: Treatment Stnucture for Lysjmeter Experiment

Treatment No. P-mìxed with Soil
( kg/ha)

Depth of P-mixing
(cm)

1

2

3

4

5

6

7

B

I

0

50

50

50

50

100

100

i00

100

0-
0-
0-

15-

0-
0-
0-

15-

7.5

15

30

30

7.5

15

30

30
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RISULTS AND DISCUSSION

There was a sìgn'ificant increase in dry matter yield due to P added

to soil. The 100 kgP/ha rate d'id not result in a significant dny matter

yieìd diffenence from that obtained w'ith the 50 kgP/ha rate.

The dry matter yìeld was also influenced by the depth of P jncor-

poration (Tabl e 47). Phosphorus incorporated into the 0-7.5 cm and 0-15

cm layer"s r"esulted jn a signifìcantly higher yield than when jt was

'inconporated 'into the 0-30 cm on 15-30 cm I ayens of soi I . The dny

matter yields due to P incor"porated into 0-7.5 cm and 0-15 cm was not

sìgnificantly different. Also the dry matter" yields due to P ìncorpon-

ated into 0-30 cm and 15-30 cm wene not significantly different from

each othen.

In genera'l , grain yields (Table 47) wene s'imilarLo the total dny

matter yie'lds. Yjeld was signìficantly increased by the 50 kgP/ha

rate. The applìcatjon of 100 kgP/ha did not result in a significant

graìn yieìd differ"ence from that obtained with the 50 kgP/ha rate.

Phosphorous ìnconporated into 0-7.5 cm and 0-15 cm depths nesulted jn a

significantly higher gr aìn yield than when P was inconporated into

ei ther" 0-30 cm or 15-30 cm of so'i I 1 ayers . The yi el ds due to P i ncon-

porated jnto 0-7.5 and 0-15 cm of soil layens were not significantìy

djfferent. Also, the yìe'lds due to 0-30 cm and 15-30 cm P incorporation

were not sìgnificantly different.

The response to P fertilizer was expected as the soil was defic'ient

'in P " The 6 "0 kgP/ha NaHCO3 extractabl e P 'is considened veny I ow

(Leitch et. al ., 1980). llowever, the lack of a sign'ificant dry matter
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Table 47: Effect of P Mixed with Soil and Depth of P Mixing on Dny
Matter Y'i el d and Grai n Yi el d

Treat

P Mi xed
With Soi I

(kg/ha)

0
50
50
50
50

100
100
100
100

Depth of
P Mixìng

(cm )

Y'ield (kg/ha)

Dry Matter Grai n

0 - 7.5
0-15
0-30

15-30
0 - 7.5
0-i5
0-30

15-30

1

2

3
4
5

6
7

I
9

4120 a

9510 c
95?0 c
6010 b

6080 b

9440 c
8830 c
6996 b

5790 b

1100 a

3440 c
3870 c
2160 b

2250 b
3210 c
2920 c
2470 b
2500 b

Means w'ith the same I etter^ 'in each col umn are
di f fer"ent at 5% Tukey's Student j zed Range.

not si gni fi cantìy

or graìn yield difference between 50 kgP/ha and 100 kgP/ha tended to

suggest that i n th'is part'icul an experìment 50 kgP/ha was adequate.

The higher yields obtained by shallow incorporation of P (0-7.5 and

0-15 cm) than deep i ncorporati on (15'30) or mi xi ng P with the ent j r"e

volume of so'il ìn the lysimeter vvas attrjbuted to a large extent to

incneased number of tillens in the former case as observed at maturity

(Table 48). The weìght (size) of individual grain had a negligìbìe

effect (Table 48). The dìfferences in the numben of tillens was most

'l'ike'ly due to djfferences in P avajlability to the p'lants during the

early stages of gr"owth when P was sha11ow1y inconporated than ìncorpor-

ated 'i nto 15-30 cm depth " The shal I ow i ncorponated P 1 i ke'ly was r"eadì 1y

accessible to plants during the earìy stages of growth. Some t'ime had

to e'lapse before roots could penetrate and ut'ilize P p'laced 15-30 cm
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Table 48: Effect of P Mixed wjth Soil and Depth of P Mixing on Numbers
of Tillers w'ith Heads/Lysimeter and 100 Kernel t¡Jeight

Tneat

P Mi xed
I¡Jith Soì I

( kg/ha)

Depth of
P Mixing

( cm)

#'s of Tillers/
Lysi meten

100 Kernel
t''lei ght

(g)

1

?

3

4
5

6
7

B

9

0
50
50
50
50

i00
100
100
100

55
38
4L

3B

0 - 7.5
0-15
0-30

15-30
0 - 7.5
0-15
0-30

15-30

27
58

56
55
43

a

c
c
b
b
c
c
b
b

2.94 a

3.02 a

3.18 a

2.95 a

3.00 a

3.18 a

2.9I a

2.87 a

2.28 a

Means wìth the same letter in each column are not significantìy
d'iffer"ent at 5% Tukey' s Studenti zed Range.

deep. At a later stage, P placed deep was also available to the plants

as the total P uptake at maturity was about the same regardless of depth

of P 'incorporat'ion wi th the excepti on of the check tneatment where the

uptake was very low (Table 49). The effect of deep fertilìzation on

yield was cons'istent with that made by Lanson et al . (i960) w'ith conn

and oats, Ph'i'l ì i ps and Norman (1967 ) for" sorghum. The j r resul ts showed

that deep fertil ìzation should be made with assurance of adequate

surface fertil'ization to get advantage of deep fentìl ization.

The effect of P ava'i1abi'lity on the number of tillers could not

expla'in the low numbers of tjllers obsenved when 100 kgP/ha was incor-

porated jnto 0-30 cm because the concentnations of P ìn the 0-15 cm

layers of soil were the same when 100 kgP/ha and 50 kgP/ha were jncor-

porated into 0-30 cm and 0-15 cm depths respect'ively. It was felt that
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Table 49: Trends of % P and Total P Uptake as Affected by P M'ixed wjth
Soj I and Depth of P Mi xi ng

Treat

P Mixed
With Soi I

( kg/ha)

Depth of
P M'ixi ng

(cm)

%P

Gnain - Stnaw

Total P

Upt a ke
( kg/ha)

1

2

3

4
5

6
7

I
9

0
50
50
50
50

100
100
i00
100

0 - 7.5
0-i5
0-30

30
7.5
15
30
30

15
0
0
0

15

0.30
0 .35
0 .35
0 .39
0 .39
0.40
0.37
0.37
0 .39

0.038
0 .032
0.035
0.048
0.050
0 .048
0 .047
0 .075
0.053

4.6
14 .3
14.6
10 .4
10.7
12.l
t4.2
L2.0
11 .5

the low numbers of tillers when 100 kgP/ha was'incorporated into 0-30 cm

was most fikely due to factors other than P avai'labiIity. For the 0-30

cm P mixìngrthe soil from the entire depth was mìxed together. Some of

the physical propertìes may have been altered jn the process. However

possible altered physical propert'ies of soil in the profile could not

f ul 1y expì a'in the reduct j on i n numbers of t'i I I er^s and yì eì ds because no

such neduction was obsenved for the K expenìment adjacent to the P

expenìment when K was mixed wìth so'il from the 0-30 cm depth.*

Grajn copper and zinc contents were examined to see jf the mixing

of large amounts of P with large volumes of soil had any effect and if
the observations could a'id in explaining the low numbers of tillens and

yìe1ds when 100 kgP/ha was mixed wìth soil fnom 0-30 cm.

* Pens. Communjcation with M. Ma'ina - Dept. So'il Sci. (U: 
JManìtoba)
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Coppen concentnat'ions jn gnain wene found to decl'ine considenably

when 100 kgP/ha was mixed wjth soil fnom 0-30 cm layer of soil (Table

50). The concentr"ation of Cu in gnain fon examp'le, dropped from 6.7 lo

2.3 ppm when 100 kgP/ha was mixed w'ith soil fr^om 0-7.5 cm and 0-30 cm

soj I layens r"espect'ively. The 2.3 ppm Cu jn gnain is less than a

critical concentnation of 2.5 ppm fon field grown wheat gr"ain suggested

by King and Alston (1975a) and close to the cr ìtical concentnation of

2.0 ppm Cu suggested by Caldwell (1971) for fìeld grown wheat grain.

The sharp decline in grain ICu1 indicated that mixing large quant'ities

of P with the'large volume of sojl had a bad effect on Cu uptake or

translocatìon. Some l'iteratune (Graham and Nambnian, 1981) indicated

that moderate Cu deficiency can nesult'in excess late tillen'ing and high

mortality on the late tillers in wheat and'it ìs possìble that the low

numbens of tillers w'ith fertjle heads obsenved in this study wer"e due

pantly to the above, Z'tnc concentrations in gnain also tended to

decl'ine when 100 kgP/ha was mjxed w'ith 'lar ge volume of sojl but, the

decline was not so drast'ic as that obsenved for Cu.

The grain Cu concentration when 50 kgP/ha was mjxed with soil from

the 0-30 cm depth was not neduced apprecìably cornpaned with other depths

of P 'incorporation. Tinc content 'in grain was not reduced drastica'lly

eithen by mixing 50 kgP/ha with sojl for 0-30 cm depth. The djlut'ion of

P that occunred when 50 kgP/ha was m'ixed w'ith the ìarge volume of soil

might have reduced the t'illening capacity of the plants and hence low

numbens of t'il I ens and dry matter and gnaì n yi e'lds observed for thi s

tneatment due to a lower amount of available P.



Table 50: Effect of P Mìxed with So'il
and Zn Contents

90

and Depth of P Mixìng on Grain Cu

P M'ixed
With Soi I

( kg/ha)

Depth of
P Mixing

(cm)

Gra'in ICu] and IZn] (ppm)

Cu Zn

0
50
50
50
50

100
100
100
100

-30
- 7.5
-15
-30
-30

0
0
0
5

0
0
0
5

i

1

7.5
i5
30

I
4
5

1

B

7

5

3

0

I
6
7

6
6
6
4
2
5

37.8
27 .9
31.0
27 .9
30 .7
26.L
24.3
25.r
26.4

Results fnom the first growth chamber expeniment showed that the

dry matter yields due to P jnconporated jnto 0-15 cm and 15-30 cm soil

ìayers wene not signìfìcantly diffenent at both low and high so1 I

moìsture regimes. Results fnom the lysimeter" however, showed yìeìd

decline when P was incorponated jnto 15-30 cm depth. Differences in

soiI temperatures and d'istribution of nutrients other than P in the soìI

profiles in the two expenìments mìght have contributed in part to the

diffenences obsenved for" the depth of P inconporation. Sojl tempera-

tures in the growth chamben were reìat'ively higher than the soil tem-

peratures that are normal ìy found jn the f jeld in early spr''ing. Low

soiI tempenatunes might have restricted root growth to some extent 'in

the deep ìayens of so'il early in the season theneby limiting early

ut'il i zati on of P 'incorporated i nto 15-30 cm depth. In the growth

chamber where soil temperatunes were conducive for root growth, r"oots

were pnobably able to grow into the 15-30 cm soil layer in a short
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peniod of t'ime and theneby able to ut'il'ize P jn the 15-30 cm sojì'layer.

In the growth chamben experÌment n'itrogen, which was also limitìng

as evjdent from veny low values of N03-N, was evenly m'ixed wjth the

whol e so'il i n the pots. In the ìysìmeter" experiment K whi ch was al so

defic'ient 'in sojl as evjdent from high yìe'ld responses to K was only

applied to the 0-7.5 cm soil 1ayer. Localized K ìn the 1ysìmeter mìght

have caused the localizat'ion of the roots jnto the shallow ìayers of

soi1, at least in the early stages of plant growth, thereby 1imìt'ing

ear^1y uti l i zat'ion of P i n the 15-30 cm depth unl i ke the growth chamber

experiment where nitrogen was evenly mjxed w'ith the ent'ine so'il in the

pots.
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Chapter 7

STUDY 4: SECOND GROI¡JTH CHAMBER EXPERIMENT

I nt roducti on

F1eld results fnom the Haywood site showed a dny matten and graìn

yìe1d neponse to P addjtions but grain yieìd declined at the highest

nate of P used. No s'imilar decline ìn vegetatìve yìeld was obsenved at

any stage dur"i ng the growi ng perì od. It was felt that P 'induced coppen

defi ci ency mi ght have affected gnaì n formati on thereby neduci ng the

ha rve st 'i ndex .

Shoot and gra'in Cu concentrations and uptakes at the Haywood sìte

wene genera'l'ly lower fon all tneatments than those reconded at Elm Creek

and l,rl'inkl er s'ites i ndi cat'ing that Cu supply'ing capaci ty by the Haywood

soil was lowen than that of tlm Cneek and Winkler sjtes and penhaps not

adequate. It was felt that low values of Cu concentnations in shoots

due to d'il uti on mi ght have been due to fa'il ure of the soi I to supply

sufficjent coppen Cu to meet the increased demand. A growth chamber

experiment was thus conducted usi ng the Haywood soj I to study the

infIuence of Cu addit'ions on dny matter and grain yìeld nesponse to

phosphorus "

Materials and Methods

The soil was taken from the 0-15 cm depth'in the fall of 1982 from

the fal I ow I and next to the fi el d exper"'imenta'l pì ot at Haywood. The

so'il is the Almasippi Serjes mapped by Mìchalyna and Smith (1972) as
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G'leyed Carbonated Rego Black soil. Some of the physical and chemìcal

pnoperti es of the soi I wer"e descrj bed 'in Tabl e 1 under the Haywood

site. The soìl was aìr-dried, sieved through a 2.0 mm sieve, mixed

thot'oughly and stoned f or" I ater use.

The treatments cons'isted of fjve rates of P, 0,25, 50, 100 and 200

ppm P as Cu (H2P012. HZ} and three nates of Cu, 0, 4 and I ppm

(CuCl2.2H20) for each level of phosphonus. Phosphorus r^ras fjrst ground

jn a mortan and then mixed wjth a small portion of soil. The mjxtune

was then mixed with another small portion of soil and repeated until all

6 kg soi'l per pot was mixed with P. Copper for approprjate treatments

was dissolved in 200 ml of d'istjlled waten and then sprayed onto the

sojl spread on a pìastic sheet to give a un'ifonrn coverage. 0ther"

nutrients 8 ppm Zn (Zn S04.7H20), ?0 ppm S as Zn S04.7H20 and K2S04, 100

ppm N (Ur"ea) and 100 ppm K (K2S04 and KCI) based on 6 x 45 kg soil were

d'issolved in 1000 ml of distjlled water. From this, 22.2 n1 aliquots

were drawn and d'iluted to 1200 ml with djstilled water. The resultìng

solutions were added to soil in pots 2 days before seeding. The above

amounts of solutions were required 'bo bring the soil ìn each pot to

fìeld capacity (20%).

Four weeks after seedìng each pot recejved an additìonal applica-

tjon of 50 ppm N as urea. Each treatment was r"eplìcated three times jn

a compìetely randomized desìgn. Seeding of wheat Triticum estjvum van.

Columbus was done on August 12,1983 with emengence being observed about

5 days later. Pots wene watered on a daì1y basis. The plants were

thinned to six aften 10 days. Conditions in the growth chamber wene set

as follows: temperature 15oC (nìght) and 25"C (day); day 'length 
1b
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hours; humidjty B0% (night) and 50% (day). The light ìntensìty ranged

from 500 to 550 micnoe'insteins n-2 sec-1. Plants were hanvested at

maturjty, g0 days aften seeding just above the sojl surface and dnied in

'loose'ly cl osed papen bags at about 40oC for 7 days. The dry wei ghts

wene determined. The samples were hand thneshed and cleaned. The

wei ghts of grai n were taken and the gnai n ground fon 1 aboratory

analysi s.

Results and D'iscussìon

The dry matten yield increased significantly with an incnease of P

up to the 200 ppm rate, both wjth and wjthout added copper. Coppen

add'itions tended to'incnease dry matter yields at higher rate of P, but

the jncreases wene not significant (Table 51).

Graìn yields were increased by additjons of P. At low and medium

levels of P, grain yie'lds wene not influenced by coppen addjtions. At

hìghen P rates, coppen addjtions increased gnain yie'ld significantly

(Tabl e 52). Phosphonus add'it'ions at the rates of 25 and 50 ppm P

increased grain yìe1d signifìcantly both wìth and without added Cu, but

a further yieìd'increase at the rates of 100 and 200 ppm P only occunred

when Cu was added to soil. The 8 ppm Cu addition was no better than 4

ppm Cu nate.

Gr"ain copper content (Table 54) and hanvest index (faOle 53) wene

examjned to see if they could aid'in explaining at least some of the

obsenvat'i ons made above. t'Jhen copper was not added to 'L,he soi 1 , coppen

content'in gr"ain was generally low and declined considerably as the

amount of P added to soil incneased. The graìn copper contents wene
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Table 51: Influence of P and Cu on Dry Matten Yield (g/pot)

Cu
(ppm)

P (ppm)

0 25 50 100

51.3 de

53.8 ef

54.5 efg

200

55.5 fgh

57.5 gh

58.4 h

0

4

I

20.6 a

18.2 a

18.6 a

47.6 c

49.9 cd

47.7 c

43.3 b

44.1 b

43.6 b

Means with the same letter ane not s'ignifìcant'ly d'iffenent at 5% L.S.D.

Table 52: influence of P and Cu on Gna'in Yield (g/pot)

Cu
(ppm)

P (ppm)

500 25 100 200

20.6 c

26.0 e

26,2 e

0

4

I

7"4 a

6.8 a

6.5 a

16.1 b

i6.5 b

16.7 b

19.5 c

23.2 d

23"6 d

18.9 c

19.0 c

19.1 c

Means wjth the same letten are not s'ignificant'ly different at 5% L.S.D.
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Table 53: Influence of P and Cu on Hanvest Index (%)

Cu
(ppm)

P (ppm)

25 500

0

4

I

36 ab

36 ab

35a

37 ab

38 abc

38 abc

39 abcd

38 abc

40 abcde

100

38 abc

44 de

43 de

200

37 ab

45e

44 de

Means wjth the same letter ane not signifìcantly different al 5% L.S.D

Table 54: Influence of P and Cu on Grajn Copper Content

Cu
(ppm)

P (ppm)

25 50 i00 2000

0

4

I

3.8

5.0

5"4

1.8

3.9

4"6

0.6

2,8

3.9

0.6

3.0

3.5

Cu (ppm)

1.1

3.9

4"3
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below the critical concentration of 2.0 and 2.5 ppm Cu suggested by

Caldwell (1971) and King and Alston (1975a) for wheat when P was added.

Coppen add'itions however, ra'ised the grain coppen concentnatìon above

the cr"iti cal I evel s.

When coppen was not added to soì.l, P additìon did not jncrease the

harvest index significantly. Sjmilanly when no P was added to soil the

addjtion of Cu had no s'ignìfjcant'influence on the harvest index. Also

a'L I ow and med'i um nates of P the addi ti on of Cu had no si gni f i cant

effect on hanvest jndex. An 'incnease in hanvest index due to copper

additìon was obsenved when 100 and 200 ppm P wene added to soil. Since

the dry matter yi eì ds were not si gn'i f i cantly af fected by copper"

additjons, the funthelincrease in grain yield observed for the 100 and

200 ppm P rates when copper was added was main'ly due to impnoved harvest

i ndex.

The decline in harvest jndex at highen rates of P obsenved in the

field expeniment at Haywood was not observed ìn the growth chamber

experìment even when Cu was not added. Th'is 'is despite the fact that

the grain ICu] were also below the cnit'ical concentration when P was

added to the soil to whjch copper was not added. The reason fon th1s is

not well understood.

From the field experiment results at the Haywood s'ite,'it was felt

that the decline in grain yield at the hìghest nates of P was probabìy

due to P jnduced copper deficiency. Using the same Haywood soil, it was

shown ìn the env'ironment growth chamber experiment that P addit'ions

reduced the grain ICu] below the cn'itìcal level when copper was not

added and gr"ain yie'ld d'id not nespond well to P add'itions. Addjtion of
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Cu howeven, raised the graìn ICu] above the cr itical level and graìn

yi e'ld responded wel 'l to al I nates of P. Thì s suggested that i n orden to

obtajn maximum y'ield of graìn due to large P addjtion, copper supply

should also be in large quantity.
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Chapter I

SUMMARY AND CONCLUSIONS

The quanti ty of P added to soi I and methods of appl ì cati on are

important if maximum y'ield of wheat is to be obtained. Environmental

factors part'icu'lanly sojl mojstune duning the growìng period can modìfy

yield responses to P in a major way.

F'iel d, gr"owth chamber and lysimeten stud'ies wene conducted to

evaluate the'influence of P addjtions and vanious methods of P applica-

t i on on max'imum y'iel d of wheat .

The jnfluence of sojl moìsture regimes and P addjtions on dry

matter and Pdff was jnvestigated 'in a growth chamber experiment. The

effect of P additions and water supply on water use effic'iency was also

studjed jn the same experiment. The low soil moistune regìme reduced

yields and Pdff by about 50 pencent but had no effect on shoot P concen-

tnat'ions. The Pdff jncreased wìth jncrease in P add'itions'in both high

and low soil moisture tneatments, but a similan jncrease in dry matten

y'ie'ld was observed onìy i n the hì gh mo'istune treatment. It was con-

cluded that low yìelds in the low moìsture treatment was most fikely due

to a dinect effect of moistune stress on the plant growth rather than a

limjted suppìy of P to the plants. Waten use efficiency was ìncreased

by P addit'ions in sojl low in P but the amount of waten supplied to the

plants had no significant influence on water use efficìency.

At the Haywood and Elm Creek sjtes where the sojls had low and

medi um I evel s of NaHC03 extnactabl e P respect'i vely, P broadcast
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'incneased dry matter yields significant'ly. Gnain yìeìds howeven,

nesponded to P bnoadcast only at the Haywood s'ite. Dry matten and gra'in

yields at Haywood generally increased with increasing amount of P up to

100 kgP/ha. Beyond thìs nate dry matter yìe1d nemained constant, but

gnain yìe1d declined. At the Winklen site where the sojl had medjum to

hìgh levels of NaHC03 extractable P, the dry matter yields did not

respond to P broadcast. However", a negat'ive nesponse to rates of P was

obsenved with the grain yieìds. The lodgìng of the plants that occurred

at the heading stage of growth might have influenced gna'in yield nesults

to some extent. The jnfluence of P bnoadcast on [P] and uptakes for" the

thr"ee s'ites was exam'ined. The IP] and uptakes tended to i ncnease as the

amount of P broadcast increased up to the 100 kgP/ha rate at Haywood.

At tlm Cneek there was an appanent incnease in IP] and uptakes only at

three mìd-harvests and only when ì ange amounts of P were added to so'il .

At the Winkler site tPl and uptakes wene higher when P was added than

when no P was added. But, the differ^ences ìn iPl and uptakes due to

di fferent rates of P were very smal I at early stages of growth and

'inconsi stent at I ater stages of growth.

Band'i ng L7 kgP/ha wi th the seed i n so'il i nto wh'ich vanj ous amounts

of P wene inconporated prior to seeding'incneased dry matter and gnain

yìeìd at Haywood and t^linklen sjtes. The yields at the Haywood sjte were

sign'ificantìy incneased by P banded with the seed only at low nates of P

broadcast. At the higher rates of P, phosphor^us banded with the seed

accentuated grain yield decline. At the Elm Cneek site dry matter and

gnain y'ie1ds d'id not respond to banded P. At lllìnk'len, dry matter and

gnaìn yie'lds responded to banded P at all rates of broadcast P even
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though the general tnend for gr"ai n yi el ds were decl'inì ng as the nates of

bnoadcast P 'i ncreased . At the Haywood s'ite P banded w'ith the seed

general'ly i ncreased P uptakes at al'l stages of growth when it was banded

in soil into which low rates of P wene inconporated prior to seeding.

At Elm Creek the P banded with the seed increased IP] anO uptakes only

at three mid-harvests and only when no P was ìncorporated jnto soil

pr"'ior to seeding. At the Wjnklen site, however, thene was an incnease

of [P] and uptake due to banded P negandless of the amount of P'incor-

porated j nto soi I pri or to seedi ng. It was general ly concl uded that

max jmum grai n yi e'ld coul d be produced wi thout P f erti l j zen add'iti on 'i n

so'ils wjth med'ium to high levels of NaHCO3 extractable P. In so'ils low

ìn NaHCO3 extnactable P a consjderable amount of P 'is requined jn order

to obtain max'imum yìelds. The amount of P requined ìs much less if part

of P is banded with the seed and part bnoadcast than when the bnoadcast

and i nconponati on i s the on'ly mode of P appl i cati on,

At all three s'ites, N, K, Zn, Fe and Mn were pnesent 'in suffjcient

quantìtìes fon all treatments of P. At Elm Creek and Wìnkler, copper

also did not seem to be limiting. At Haywood howeven, copper concentra-

t'ions in the pìants were marginal at the hìghest nates of P. Results

fnom a Cu-P intenaction study in the gr"owth chamber w'ith the Haywood

sojl also showed sìmjlar trends. Higher rates of P reduced gr aìn ICu]

below the critical level when coppen vvas not added. The gnain yìe1d

'increases due to higher rates of P were significantly highen than those

obtaìned with lower rates of P only when copper was added. The above

r.esults suggest that heavy nates of P are not desirable'in soils mangin-

al in Cu as this may induce Cu-defìciency thereby affecting grain yield
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response to P.

The effect of depth of placement of P on yields and uptakes was

studied 'in a gnowth chamben, lysimeters and field experìments. The

results from the field and ìysìmeter experiments showed that the 0-7.5

cm and 0-15 cm depths of P jncorporat'ion wene equally effective in terms

of P avaj labìl ity to the pl ants. Fnom the ìysìmeten expen'iment it was

found that shallow (0-15 cm) p'lacement of P was better than the 0-30 crn

or 15-30 cm depths of P p1 acement 'in terms of y'ieì d response. However,

under a control I ed env j nonrnent 'in the growth chamben the ef fects of the

0-15 cm and 15-30 cm depths of P placement on yìeìd wer"e not sìgnifi-

cantly d'i fferent. It was concluded that under field conditjons the

0-7.5 cm and 0-15 cm depths of P placement ane equally effectjve in

yi e'l d nesponse to P ì rrespecti ve of soj I P. The fact that j n P

deficient soil the shallow placement of P was super'ìon to deep p'lacement

in ìncneasing the yields emphasized the ìmportance of having P near the

seed for better yields.
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Chapten 10

APPTNDIX 1: Soil Moisture Content at Seedinq and Harvesti nq

Depth
(cm)

Soi I Moì sture Content (% Weight Basi s)

At Seedi ng At Harvest

0
15
30
60
90

-15
-30
-60
-90
- r20

0 - 15
15 - 30
30- 60
60- 90
90 - 120

- 15
-30
-60

60- 90
90 - r20

25
25
23
24
3i

1B .4
20.0
13.6
16 .9
22 "8

23.8
24.7
22 "0
24 "7
25.8

9
3

7

0
0

Haywood

hl'inklen

Elm Creek

11.1
12.4
9.0

10 .0
17 .3

12.2
12.7
13 .3
13.9
22.6

15 .0
12,0
16 .5
10 .0
25.0

0
15
30



APPENDIX 2: Grow'ing Season Ra j nfal I (cm-raìn)*
I12

Haywood tnjinkler ElmCreek

June B to June 29

July

August

*

6.77

4 .95

4,63

4.r9

7.73

2.42

4.24

6.13

2.38

Ra'infal I measunements were made on s'itejnstal led at each expen'imental p'lot.
us'ing the rai n gauges



113APPENDIX 3: Bul k Densities for Soi I s Used for the Field Experjment

Depth (cm)

0- 15

15 - 30

30- 60

60- 90

90 - 120

*

0.93

1 .30

1.48

1.48

1 .48

B.D.*

0 .98

r.22

r,24

1 .34

1 .34

Elm Cr"eek

1 .15

r.44

r.47

1 .51

1.40

Bulk densities wene determined by the auger technique (shaykewich,
1965).

Haywood t¡linkler


