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ABSTRACT

Greenhouse sEudies r¿ere conducted in whích various amounts (25 to

400 ppm) of phosphorus \^rere added to calcareous and noncalcareous soils

and the iron, manganese, zirtc and copper utílization by wheat and flax

studied. llheat yields were significantly increased by phosphorus applica-

tions. Flax yields \^rere not significantly influenced by the applications

of phosphorus. Lower yields of both wheat and flax were obtaÍned on the

noncalcareous soils. Minor element content and uptake by wheat and flax

were reduced in many instances when large amounts of phosphate were applied

Ëo the soils. The planEs grovrn on the calcareous and noncalcareous soils

had similar iron, manganese and copper contents, however, the plant.s gror^rn

on the calcareous soils contained lower amounts of. zinc than did the plants

grown on the noncalcareous soi1s.

fncubation of 10-g soil samples wíth phosphorus at rates of 0 to

0.8 g NH4H2P02 usually decreased the pH and increased the iron, manganese,

copper and zinc content, of soil-water extracts. The applications of phos-

phorus increased the minor element content of the extracLs of the noncal-

careous soils to a greater degree than that of the calcareous soils.

Phosphorus addiËions at rates of. 2 to 100 ppm to nutrient solutions

did not affect wheat yields r,¡hereas, the yields of flax tops and roots were

signíficantly decreased at phosphate rates above 20 ppm. Zinc and copper

contents of wheaË and flax decreased with increasing amounts of phosphorus.

Iron and manganese contents showed no definite trends. The total uptake

of íron, manganese, zinc and copper by wheat and flax was usually reduced

by high levels of phosphorus in solution. Except for copper in flax,

tranSlocatíon of minor elements r^ras rlot reduced by high levels of added

phosphorus.



Increasing t.he minor element cont.ent of nutrient solutions at.

various phosphate levels did not affect Ehe yíelds of wheat. Increasing

the minor element content of the solutions increased minor element uptake,

indicating that ion antagonism was maínly responsible for the lower uLilí-

zatlon of minor elements in high phosphaËe mediums.

Copper and/or zinc applícations increased flax yields significantly

on tr¡ro ManlËoba soils" Additions of copper or zinc increased the uptake

of these elemenLs by flax.
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INTRODUCTION

Phosphorus fertilizers have to be applied to most Manitoba soíls

if maxímum yields of crops are to be attained. Yields of wheat and barley

are usually increased by approximately six and eight bushels per acre,

respectÍvely, when 20 lb t2O5 O"r acre are added. Although the additions

of phosphate fertiLizexs to most crops results in yield increases; it is

possible that the contínual use of phosphate fertiLízers on Manitoba soils

could result in nutritional problems. Spratt and McCurdy (52), in Saskat-

chewan, studied Ëhe long-term effects of phosphate fertilizaLion on the

yield of wheat. They found that the application of 40 lb of monoammonium

phosphate per acre to previously unferËilized plots increased yields from

19.6 to 25.1 cwt per acre. The application of 40 lb of monoammonium

phosphate per acre to plots previously fertilized with monoammonium phos-

phate aE 20r 30, 40, 601 80 and 100 lb. per acre per year for 20 years

produced yíelds of 24.7, 23.8, 22.7, 22.6, 2L"4 and 2L.7 cwt per acre,

respectively. These results indicate that repeated phosphaËe applications

may create nutritional disorders in wheat.

Recent work conducted in the United States has shown Lhat the

addition of phosphaËe fertiLizers can reduce the minor element content of

plants. The reduction in minor element upLake by plants on phosphated

soils has been attributed to Èhe immobilization of minor elements in Lhe

soil by phosphate precipitation (3, 50). Other workers have suggested

that the reaction external to Lhe planË was not adequate to explain the

reducLion ín minor element uptake by plants. lon antagonism at or ín the

plant rooËs has been offered as an explanation for the reduction of minor

element uptake from high phosphat.e substrates.

I.

Since phosphate f.ertiLízers have to be added to Manitoba soils Ëo



obtain high yields and since these fertilizers can cause mínor element

deficiencies, several experimenEs were conducted to study:

l. the effects of added phosphorus on Èhe uLílization of minor

elemenËs by wheat and flax on three noncalcareous soils (Stockton, Newdale

and Red Rfver) and Ëhree calcareous soÍls (llum Rfdge, Lakeland and Tarno).

2. Lhe concentrations of minor elements in the soíl solutton of

soils treated with phosphorus and incubated for 2, L4, or 28 days.

3. the mlnor element uptake by plants grown ln solutions containíng

varying amounts of phosphorus. trrlheat and flax T/u'ere grown in nutríent cul-

tures varyíng in phosphate concentrations and the mínor element contenË

of the tops and roots of the plant.s measured. The influence of varying

the mínor element content. of nutrient cultures containíng various leve1s

of phosphorus was also investigated.

4. the effect of zínc and copper applications on the utílization

of these elements by flax when gro\,Jn on calcareous and noncalcareous sofls.



1I. REVÏEI,T OF LTTERATURE

Phosphorus-minor element ínteracLions ín plants and in soils have

received considerable attention because of the íncreasing number of reports

of defícíencies and toxiciLies of minor elements ín varfous crops. Exces-

síve or prolonged phosphate ferLílization has been known to induce nutri-

tional disorders in planËs (5, L4, 15, L6, 30).

Phosphorus -Z inc lg.teractions

In 1948, Rogers and Wu (44) found that phosphate applicatíons to

a fine sand reduced the zinc content of oats. However, zínc applícatíons

díd not produce any signiflcant yield increases"

Loneragan (33) reported that the addition of phosphorus to soil

increased the phosphorus contenË of flax buË decreased the relaËive and

absoluËe amounts of zinc. He suggested that applied phosphorus had some

effecË on the uptake of zíne by the roots, or on Lhe translocaLion from

Ëhe rooËs to the tops of flax plants. Similar results were obtafned by

Stukenholtz et aL. (54). They suggested that the phosphorus-zLnc ínter-

action in corn plants occurred at the rooÈ surface or ín Ëhe roots cells,

and T^7as noÈ a chemical irrnobilizatíon oÍ. zínc in Èhe soll. HÍgh phosphate

concentraÈions in the soil reduced zínc translocation from the roots to

the Ëops of corn planËs.

Seatz et al. (46) reported that zLnc appLications Ëo a soil in-

creased the zinc concentration but decreased the phosphorus conLent of

flax. Burleson and Page (17) found thaË íncreasing Ëhe zi,nc or phosphorus

content of a nutrient solution increased the content and uptake of the

respectíve elements ln the root.s and tops of flax. They concluded that,

the inrnobilization of zLnc took place wiËhin Ëhe plant root. Their resulLs



T,{ere tn

of zinc

However,

problem,

zinc Ín

agreemenE with those of Soltanpour (49) 
"

A decrease in the Ëop to root zinc conterrt ratío may be evidence

precipitatíon or reduced translocation within Lhe planË (56)"

Spencer (50) reported that Lranslocation of zínc was noÈ a

but that the reduced zi-nc uptake was due to immobilizatíon oi

the soil by precipitatíon with phosphate.

Ot.her workers (7, 38) also reported a reduction in zinc uptake by

plants treated with large amount.s of phosphorus. Langin et al. (30)

concluded that. the effecE of phosphorus on zinc uLílization was physlo-

logical within the planË, perhaps in plant root celIs. Burleson et al.

(16) reporËed zinc deficiency symptoms in both s\^reet and field corn when

phosphorus fertilízers \^rere applied. Their work also indlcated that zinc

uptake by bean plants was reduced by phosphate fertilizaEion. Ganiron

et al. (22) f.ound Èhat the phosphorus content in corn leaves \^/as reduced

by zLnc ferLilizaËion. Simílar results i^¡ere obtained by Singh and DarË1-

gues (47).

Heawf phosphorus applications generally induce a greaLer zi,nc

deficiency on soils which contain free CaCO3 and have a pH above 7.0 than

on soils which do not contain CaCO3 and are acidíc (35). Lime applications

Ëo soils have been shornm to reduce zinc uptake by oats (44).

In contrast to the liEerature cited, Boawa et al. (9) reported

Ëhat phosphorus applications did not influence the availability of zinc

or its utilizatíon by bean plants. Field experiment.s índicated that

phosphorus applicatíons did not produce or accenEuate zinc defíciency in

beans. In a sand culture study, Bingham (4) found an increase in the zinc

conËent of roots and leaves of bean plants wíth increased phosphat.e applica-

Ëions. llatanabe et al. (52) reporÈed that Lhe total zínc uptake by bean



plants was increased with phosphorus fertilizalion,

Pho sphorus-Iron Interagtions

Brown and Tiffin (tS) found that increasing the phosphorus ín a

soil could accent.uate iron chlorosis in corn and millet. Brown and Bell

(12) also noted that phosphorus accentuated iron chlorosfs in corn. The

chlorosis was associated with 1ow iron and high phosphorus concentratíons

in Ëhe plant tops" Phosphate applications induced iron chlorosis in potat.o

plants when the soil-iron supply was limitíng (i-0)" The iron conËent of

citrus seedling leaves (5t) and of rice leaves (L3) was reduced by

phosphorus applicat.ions.

Biddulph and Itloodbridge (3) reported that ierric phosphate precipí-

tated in or on the roots of bean plants and reËarded the movement of phos-

phorus to the leaves. In addition to iron, ít has been suggested EhaË

calcíum may also precipitate phosphorus and reduce its transport Ëo plant

Ëops (45)" DeKock (19) concluded that iron in roots may be pïeserit as arÌ

insoluble ferríc phosphaËe. However, the actívíty of íron in plants was

greater than that if ferric phosphaLe was present and thus phosphorus

appeared to influence the metabolic reactions essential to the uptake of

lron (12).

Foster and RusseLl (21) suggested that phosphorus r^ras complexed

by iron in plant rooÈs. This iron was non-mobfle, being bound to an

organic radical (R) ar follows:
+

RFe $ H2PO4 RFeH2P04

trüork conducËed by Bentley eÈ al. (Z) fn¿icated that tþe addiÈions

of phosphorus to a nutrient solution did not have a consistenË effect on

Èhe iron content of oaËs. Increasing the exËernal iron content did noË

affect Èhe iron conËent of oats. Bingham et a1. (Z) ¿i¿ not flnd any



consistent trend between íron cont.ent of citrus leaves and varying amounts

of applied phosphate"

At high phosphate levels, iron did not accumulate or precipitate

as ferric phosphate within the plant roots (li). These results were in

agreement with the work done by Bennett (1). Fiskel et al. (20) noted

that phosphate levels díd not. change the iron to manganese content raËio.

Al so, the intake of iron and manganese \^ras not affecÈed by the level

of applied phosphate.

The íron cont.erit. of planËs can also be increased by phosphorus

applications. Singh and DarËigues (47) showed that Ëhe addition of poly-

phosphaLes and orËhophosphates íncreased the iron contenL of maize" The

íron content of wheat leaves (14) and soybeans (32) was increased by the

application oi phosphorus. Símilar results were obLained by lrlatanabe

er al. (57).

Pho sphorus -Manganeåe Interac Ë ions

Bingham and Garber (5) report.ed that manganese uptake was greater,

boÈh ín t.ops and roots of cít,rus plants when high phosphate rat,es r¡iere

used. Spencer (50) also reported an increase in manganese uptake by cltrus

seedlings when increasíng amounts of phosphate were added to the so11,

There r¡ras no evidence of reduced translocation at the high phosphorus

levels. He suggesËed that. the increase ín manganese availability follow-

íng heavy applications of superphosphate \ùas probably due to the increase

ín soil acidity, rather than to a genuine trphosphatett effect. Page et al.

(40) also concluded ËhaË superphosphate would decrease the soil pH and

therefore, increase Èhe manganese upËake by planËs. However, Ëhe pH

change may ngt explain entirely the greater availabilíty of manganese (5)"

itlaËer exLracts from soil treated with phosphaËe were feund to cgntain more



manganese than untreated soil and yet there was little change in pH"

Bingham (4) found that adding phosphorus at rates of I ro lO0 ppm

to a sand culture increased the manganese content of bean leaves from 174

to 202 ppm and the root manganese content frorn 398 to 795 ppm. The man-

ganese content of citrus leaves (7) an¿ corn (57) was increased when

phosphorus I¡ras added to the soil. Bentley et al. (2) reported an increase

in .the manganese content of oat leaves in one experiment and a decrease

in the manganese contenL of oat leaves in another experiment when phos-

phorus was added. Larsen (31) reported an íncrease in the manganese

content of oats and sugar beets which \^rere gror¡jrr on a phosphated acid

soil.

Other workers found that. the manganese content of several crops

was either not affecËed or decreased when phosphorus T^ias added. Bolle-

Jones (10) found thaË an increased phosphorus supply decreased the uptake

and concentration of manganese in the roots and tops of potato plants. The

application of rock phosphate had little effect on the manganese uptake by

grasses (48). Steckel et al. (53) showed that superphosphate added to an

acid soil, wÍt,hout the addition of manganese sulfate, had no effect on the

manganese content of oats and soybean crops.

A recent study by Messing (36) showed t.hat íncreases or decreases

in Ëhe manganese concentration in lettuce plants from the application of

phosphate was dependent upon soil pH values. The manganese concentratíon

in the plants decreased at low lime applications were adding phosphorus

increased the soil pH from 4.4 to 5.5. The manganese concentration in the

plants increased at high lime levels where adding phosphorus decreased

soil pH from 7.0 to 6.0.



Phosphorus-Copper Interactions

Phosphorus-copper interactions have received much atËenLion in

areas where citrus crops are gro\^rn. Bingham.and Garber (5) found that

heawy applicatíons of superphosphaËe reduced t.he uptake of copper by

orange seedlíngs. A símilar influence of phosphorus on copper was reported

by other workers (6, 7),

Brornrn et al. (13) reported that the copper contenL of rice leaves

could be reduced by phosphate applicatíons. Spencer (SO) found thaË Ëhe

copper content of cit,rus leaves and roots vras reduced by phosphorus fer-

tilization. Added copper reduced the phosphorus content of roots as well

as stems and leaves which would índícate that copper v¡as interfering wÍth

the ability of plants to obtaín phosphorus from the soíI, rather than

reducing translocation of phosphorus ín Èhe plants. Spencer (51) was

unable to distinguish beÈween soí1 and plant inÈeraction effecËs of

copper and phosphorus.

Copper and phosphorus were more effective Ín producing chlorosis

if applfed together than if eiËher element was applíed separately (14).

However, Bingham (4) was unable to find any consistent trend that woul"d

indicaEe a phosphorus-copper interacËion in a sand culËure st.udy.

The review of t,he literaËure índicates that the exact naLure of

phosphorus-minor element interactions are not fully underst.ood. The ap-

plication of phosphorus to soils has a variable effect. on minor elemenË

conLent and uptake by plants. Reduced minor elemenL ,uptake by planLs has

been at.tributed to precipítatÍon of mÍnor elemenËs in the soil or on the

plant rooL surfaces. More recent ínvestigations have indicated that the

phosphorus-minor element interacÈions \Àrere physiologícal in naLure due to

a root surface absorpÈíon phenomenon or reduced Èranslocation within the



plant. The effect of phosphorus on

soil type, crop growrì, avaílabflity

and other soil and plant factors"

utilization depends on

elemenLs and phosphorus,

mlnor element

of soil mínor



]II. MATER]AIS AND METHODS

The experimental methods used for the individual studies reported

in this manuscript are described with the results obtained in the appro-

priate subsections. The analytical procedures employed in the investí-

gations and ín characteri-zi.ng the soils are outlined below.

( t ) soits

Síx surface soils of varying Ëexture, pH and carbonate content

were selected (Table I and lI). The Stockt.on, Newdale and Red River soils

did not effervesce when lreated rnrith dílute (HCl)(rorcal.areous) whereas

the Plum Ridge, Lakeland and Tarno soils sËrongly effervesced (calcareous).

(z) soit pu

The pH of the soil samples was determined electrometrically by

use of Ëhe glass and calomel electrodes on an Orion Model 801 digital pH

meter. A soil-r¡rater saturated paste was used in determining the pH.

(3) Soí1 Organic Matter

Soil organic matter \¡ras determined as descrÍbed by I^Ialkley and

Black (56). Excess potassium dichromate r^ras used t.o oxídize the organic

matter and the unreacted dichromate back-titrat.ed with ferrous sulphate

using barium diphenylamine sulphonate as indicaLor.

(4) Conductivity

The electrical conductivíty of a soil-water saturated paste

extract \¡/as measured usíng a Conduct.iviEy Bridge, Model RCl6B2.

(5) lnorganic Carbonate Content

The method described by Ridley (43) was used. A one-gram soil

sample was digested in 10% HCl for ten minutes. The C0, evolved was

sucked through a drying and adsorption train, then absorbed by Ascarite

in a Nesbitt tube. The weight of CO, absorbed on the Ascarite was
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TABLE ]

SUBGROUP DESIGI{ATTON AND TEXTURAL CLASS OF SO]LS

Soil Name Subgroup Textural CIass

S tockton

Newdale

Red River

Plun Rfdge

Lakeland

Tarno

Orthic Black

OrËhic Black

Gleyed Rego Black

Gleyed Carbonated Rego Black

Gleyed Carbonated Rego Black

Carbonated Rego Humic Gleysol

Loamy Sand

Clay Loam

C lay

Sandy Loam

Clay Loam

C lay



L2

TABLE TT

CHARACTERTSTICS OF THE SOTLS

Soil Nane pH
Jrganlc
Matter
( )

Cond.
(nnhos/cn)

Inorganic
C0"

( %')

Moisture
ContenË

aË f.c.
(.% )

NaHC03
extr. P

(pp*) ,

Exch" K
(ppro)

N0q-N
(pp*)

S t.ockt.on

Newdale

Red Ríver

Plum RÍdge

Lakeland

Tarno

6.5

7"5

7.(,,

8.2

7"9

7ô

3.0

7"5

7.2

LA

5.6

5.8

0.1

0.8

0"5

0.5

0.5

0.7

0.4

1 2

0"4

19 .0

LB "2

L8.2

2L 4

30 0

36 I

t9.4

25 2

30 5

4

t5

13

7

4

7

310

720

490

65

L25

260

5

62

7

35

L2

29



t3

deËermined and the carbonate contenË of the soil calculated.

(6) Determination of i^iater Content at Field Capacity

Soil" sieved through a 2 mrn sieve, was placed in 400 ml beakers

and sur'ficÍent waËer added to \,¿eL the surface one-half oi soil. The

samples r¡Iere enclosed in polyethylene bags and allowed to equilibrate for

several days. Soil samples were taken above the wettÍng front, weighed

and dríed at 100oC ior 24 hours. The loss in weighÈ of the samples r.{as

measured and the moisËure conÈent of the soils calculated.

(Z) UaitCO3 Extractable Phosphorus

NaHCO, extractable phosphorus T¡ras determíned as outlined by

Olsen et al. (39)", Five grams of soil were shaken with 100 mI of 0.5 M

NaHCO" ext.racting solutíon for 30 minutes. A 50 rnl aliquot of t.he exËract
J

T¡/as Èransferred Ëo a 100 ml volumetric flask and acidifled with HCl.

Twenty millfmet,ers of ammonium molybdaÈe-HC1 solution and 10 ml of dÍlute

sËannous chloride were added and the t.oËal volume made up Ëo 100 ml wlth

distilled water. The samples \^iere allovied t,o sËand for flve mínutes and

Ëhe color intensity read on a Coleman Juníor SpectrophoEometer Model 6A

at 660 mu. By comparíson of Lhese readings wlth those obtained for a

standard curve, the phosphorus conLent of the soils was calculaLed.

(8) Exchangeable PoËassium,.

A 2.5-g s¡mple of soíl was shaken with 25 ml of neutral, lN NH4Ac

for 30 minutes. The potassium conËent of the filtra|e was determíned by

use of a Baird Atomic Flame Photometer Modek KY2.

(9) Determínation of NO3-N

The N03-N content of the soils was deËermined colorímetrically

using the phenoldísulfonfc acid method (8)" Ten grams of soil weïe shaken

with 50 ml of exLracting solution (0"02N CuSO4I5H2O and

0"004N Ag2S04) . A 25 ml aliquor r^ras



L4

evaporated to dryness ,on a hoL plate and the residue Ëreated with two mL

of phenoldisulfoníc acíd. The extracL \^7as transferred to a 100 ml volu-

rneËric flask and dilute NH40H added until the solution was basic" The

color ínËensiLy T,^ras measured on a Coleman Junlor Spect.rophotometer Model

6A at 415 mu and the readíngs compared to those obt.alned for a sLandard

curve. The NO3-N content of the soils was then calculated"

(10) hlater Extractable Phosphorus

The method outlined by Jackson (26) was used. A suitable alÍquot

of the extract, placed into a 50 ml volumetric flask, was adjusted to

pH 3 with 2N H2SO4 or 4N Na2C03 using 2, 4-dínitrophenol as indicator.

Fíve milliliters of. 2.5% anmonium molybdate-sulphuric acid solution was

then added and the solution díluted to 50 ml, The phospho-molybdate

complex was reduced by the addition of three drops of chlorostannous acid

reductant solution" Six minutes after the inltíation of color develop-

menL, Ëhe color intensity was read on a Coleman Junlor Spectrophotometer

Model 6A aË 660 mu. The readlngs v/ere compared Ëo those of a st.andard

curve and Ëhe phosphorus conËerÌt of the solutions calculated.

(11) Technlque for trüashing Plant Tops and Roots

PrÍor to anaLysis, plant tops hrere washed \^rith deionized water

several tímes. The íntact plants obtained from Èhe nuLrient culture

studies were washed wÍth deÍonízed T¡raLer several times and the roots

placed inLo an aerated solution of lO-E{, EDDHA (ethylenediamine df-

(O-hydroxyphenol acetic acid)) to remove minor elements adhering Ëo the

external su:face of the rooLs (2S). After one hour, Ëhe roots rnrere \^rashed

several times with deionized water and dried at 70oC.

(12) fotal Phosphorus Content of Plants

the plant samples r¡rere ground and a 0,5-g sampl-e digested in 17 ml
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of HNO3 and 3 ml of HC104 by boiling until the volume of acid was reduced

to approximately two ml. The digesL was diluted to 50 ml and fíltered.

The phosphorus content of the plant dÍgests was determined usíng the vanado-

molybdaËe yellow color method (27)" A suitable aliquot was placed into a

50 mI volumetrÍc flask. 'Ten mlllilíters of vanadomolybdate reagenl were

added and the soluËion diluted to 50 ml wiÈh distílled water. The color

intensLty was read on a Coleman Junfor SpectrophotomeÈer Model 6A at 440 rnu"

The readings hrere compared to those obtained for a standard curve and the

phosphorus content. of Èhe samples calculaËed.

(1":) ¡etermínation of Iron, Manganese , Zi.nc and Copper in Plant Samples

A suíLable aliquoË (usually 10 ml) of the planË digesËs used for

tot.al phosphorus deÈerminatíons was díluted to 50 ml wiÈh deionlzed waLer"

The iron, manganese, zínc and copper contents of the solutions were deter-

míned by use of a Perkin-E1mer Model 303 Atonic AbsorpËíon Spectrophoto-

meËer (41).



IV. PRESENTATION OF EXPER]MENTAL RNSULTS AND DISCUSSTON

The Effect of Added Phosphorus on the lron, Manganese, Zínc, Copper

and Phosphorus ULilization bv l,rlheat and Flax Grown in Noncalcareous and

Calcareous Soils.

A greenhouse experíment was designed to gain ínformation on the

minor element utilization by wheat and flax,,gro\^rrl in soils treated with

varying amounts of phosphorus. Two kilograms of air dried soil were placed

ínto one-half gallon pots. The experimental design r^Tas a randomized block

with three replicate s . Treatments used \^rere as f ol lorvs :

(a) no phosphorus added;

(b) 25 ppm phosphorus in a band one inch below Ehe seed;

(c) 50 ppm phosphorus mixed with the soil;

(d) 100 ppm phosphorus mixed with the soil;

(e) 2OO ppm phosphorus mixed with the soil;

(f) +OO pprn phosphorus mixed with the soil.

Phosphorus was added as NH4H2P04. All pots received 181 ppm nitrogen as

NH4H2P04 andfor NH4NO3. Two test crops, wheat and flax were grown and

after emergence these crops were thinned to four and eight plants per pot,

respectÍvely. Periodically the pots were rstated on the greenhouse bench

to províde uniform lighting for all plants. Deionízed water was added to

the soil as requíred to bring the moisture level to field capacity. Above

ground portions of the plants were harvested 42 days after planting. The

plant material was washed, dried at TOoC and weighed. The plant material

obtained from Èhe replicates \¡ras composited, ground, T^ret ashed and analyzed

for iron, manganese, copper and zinc by atomic absorptíon spectrophotomeËry.

Phosphorus content of the plant digest was deËermíned colorimetrically.

The pH of the soils after cropping was also measured. Soil samples
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r^lere taken from each pot; the various repLicates for each crop and phos-

phate treatment T¡rere composited and air dried prior to analysis.

The yields of wheat on all soils r^rere significantly increased when

phosphorus was added (fable III). On several soils, maximum yields of

wheat viere not. attained unless 100 or 200 ppm phosphorus r,ras added.

Application of 400 ppm phosphorus -reduced the yield of wheat on several

soils'when compared to yíelds obtained when smaller amounts of phosphorus

were added. The yields of flax on the noncaLcareous soils increased with

phosphorus fertilízation. However, these increases \^rere not statistically

sígnificant. 0n the noncalcareous soí1s, Stockton, Newdale, and Red River,

maxímum yields of flax \^rere obtained when 100 ppm phosphorus vras added.

Flax did not respond t.o phosphorus additions on the Plum Ridge and Lake-

land soils. !üheat and flax yieLds were lower on the calcareous than on

the noncalcareous soils.

The phosphorus content of both wheaË and flax increased when phos-

phorus '¿as added (fabte fV). The phosphorus content of wheat and flax

grown on the Newdale and Lakeland soils \^Ias generally lower Ëhan on the

other soils. At high levels of added phosphate, flax tissue contained

higher concentrations of phosphorus Ëhan did wheat groüln on the same soil-s.

It is interesting to note Ëhat the phosphorus content of flax was as high

as 0.91 and 0.94% when grown on the Tarno and Plum Ridge soils, respectively.

The Íron content of wheat growrl on the Red River and Lakeland soils

decreased with increased rates of added phosphorus (table V). I{heat gïown

on the Tarno and Stockton soils showed an increase in iron content when

phosphorus r¡Ias added. The iron content of flax decreased when grown on

the Stockt.on, Red River and Plum Ridge soils and increased vihen gror¡rn on

the Lakeland soils at hígher levels of phosphorus. Added phosphate had
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TABI,E IlT

EFFECT 0F ADDED PHOSPHORUS 0N YIELDS OF I,IHEAT AND FLAX (g/por¡'r

TreaËment

trlheat

Stockton Newdale Red River Plum Ridge Lakeland Tarno

No P added

25 ppm P (band)

50 ppm P (mixed)

100 ppm P (míxed)

200 ppm P (rnixed)

400 ppm P (nixed)

LSD (0.0s P)

No P added

25 pprn P (band)

50 ppm P (mÍxed)

100 pprn P (mixed)

200 ppm P (mixed)

400 ppm P (inixed)

LSD (0.0s P)

1',)

3.9

4.0

4.4

4.2

4.2

0.4

r.9

4.7

4.8

4.8

5.2

2.5

r"2

0.8

1.6

1"3

L"6

1.3

L.4

0.3

0"8

0.7

0.8

0.7

0.6

0.6

NS

1.3

2.4

,q

2.7

,o

2.8

0.6

0.8

0.7

0.7

0,7

0"7

0.8

NS

L.4

2"6

at¿ "\)

J.J

3.5

3"2

0.3

1"6

2.L

2.L

)t

2.0

2"L

NS

2.6

3.1

J"J

3.7

3.4

3.4

NS

2.4

3.0

3.4

3.5

3.6

at.

0.5

Flax

2.7

,o

2.8

3.0

2.7

2.8

NS

0.9

1.1

l_.1

1.3

1,1

1.0

NS

Yields,are averages of three replicates.



L9

TABLE TV

EFFECT OF ADDED PHOSPHORUS ON THE PHOSPHORUS CONTENT OF I^IHEAT AND FLAX (%)

ltrheat

Treatment Stockton Newdale Red River Plum Ridge Lakeland Tarno

No P added

25 ppm P (band)

50 ppm P (mixed)

100 ppm P (mixed)

200 ppm P (míxed)

400 ppm P (mixed)

No P added

25 ppm P (band)

50 pprn P (rntxed)

L00 ppm P (rnixed)

200 ppm P (nixed)

400 ppn P (míxed)

U "JI

0.35

0. 48

0. 60

0.68

0.68

0.29

0. 41

0.47

0.63

0. 7B

0.88

0.30

0. 31

0.33

0.37

0.42

0.45

Flax

0 .30

0.26

0"34

0.4s

0.45

0.55

0"4L

o "47

0.47

0.59

0,55

0. 68

0.36

0" 38

0. 43

0.55

0.7L

0. 80

0. 40

0. 41

0.42

0.46

0.46

0.52

0.41

0.51

0.62

0 .66

0.90

0.94

o"2B 0.42

O "32 }it 42

0"34 0"44

0.37 0 "46

0 .31 0 .52

0.44 0.54

0"22 0.40

0.22 0.43

0 .26 0.51

0.33 0.57

0"36 0.93

0.44 0.91
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TABLE V

EFFECT 0F A-DDED PHOSPHORUS oN THE IRON CONTENT 0F I'IHEAT AND FLAX (ppr)

i{heat

Treatment Stockton Newdale Red River Plurn Rtdge Lakeland Tarno

No P added

25 pprn P (band)

50 ppm P (rnÍxed)

100 ppur P (míxed)

200 ppm P (mixed)

400 ppm P (mixed)

No P added

25 ppm P (band)

50 ppn P (mixed)

L00 pprn P (mixed)

200 ppm P (mixed)

400 ppn P (mtxed)

50

6L

6L

58

6L

60

111

100

90

93

97

97

BI

75

95

B1

99

B7

6B

68

55

56

50

55

74

IJ

6B

6B

6B

56

6L

6t

6t

6L

50

6t

9L

90

70

70

70

6B

103

B9

92

93

76

63

BT

87

B7

BB

100

103

50

7l

7L

7I

77

77

Flax

109

BO

110

115

LO7

LL2

77

65

5B

58

77

6B
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little or no effect on the iron content of flax grown on the Newdale and

Tarno soils, except when 25 ppm phosphorus was banded int.o the Nev¡dale soil

and when 50 and 100 ppm phosphorus T^ras added to the Tarno soil where the

iron content \^Tas decreased. Except for the Lakeland and Tarno soils, the

íron content oi flax was greater than that of wheat. The iron content of

both wheat and flax was generally within the range considered to be adequate

for planË growth (lB, 34) and índicat.ed that the calcareous and noncalcare-

ous soils supplied similar amounts of iron to the plants.

The pH of the Stockton, Newdale, Plum Ridge, Tarno and Lakeland

soils decreased wÍth increases ín applied phosphorus (Table VI). However,

only the iron content of wheat gror^in on the Stockton and Tarno soils and

the iron content of flax grown on the Lakeland soíl reflected lhis pH

change. An increase in pH of the Red River soil was noted when phosphorus

was added. The iron content of both i^rheat and flax grov,rn on the Red River

soiL decreased with addiLions of phosphorus. Although the íron content

of the planËs on some soils reflected soil pH changes when phosphorus was

added, the influence of added phosphorus on the iron content of the planLs

cannot. be explained on the basis of soí1 pH.changes alone.

The manganese content of wheat., except on the Stockton soíl,

usually decreased with increases in added phosphorus (table VTI). Additíon

of phosphorus to the Stockton soil increased t.he manganese content of

wheat.. Examínation of the pH of the Stockton soil after cropping revealed

that the addition of phosphorus decreased Lhe pH from 6.3 to 5.5 (Table \rI).

Therefore, the increase in manganese content of wheat gro\^7n on the StockËon

soil was probably due to increased soil manganese availability as a resull

of the reduction in soil pH. An íncrease in manganese conÈent of wheat,

however, did nol occur on Èhe Newdale, Lakeland and Tarno soils in spiÈe
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TABLE VT

pHìk VAJ.UES 0F SOILS AFTER CROPPING

Treatment Stockton Newdale Red RÍver Plurn Rídge Lakeland Tarno

No P added

25 ppm P (band)

50 ppm P (urixed)

100 ppm P (nixed)

200 ppm P (rníxed)

400 ppm P (nixed)

o.J

5"8

5"8

6.2

5.6

5.5

7:"5

7 "4

-t ')

11

7.L

7.0

6.7

7"0

7.0

7.t

7.L

-7 ,)

B.T

70

70

7.9

70

7.8

7.9

7"6

7.6

7"6

7.6

7.5

7.7

7.7

7"6

7.6

7.5

7"4

* soil-waËer ratio 1:5.
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TASLE VT]

EFFECT OF ADDED PHOSPHORUS ON THE MANGANESE CONTENT OF
wHEAT AND FLAX (pp*)

trrlheat,

TreaËment Stockton Newdale Red Ríver Plura Ridge Lakeland Tarno

No P added

25 ppn P (band)

50 ppm P (mÍxed)

100 ppm P (rnixed)

200 ppm P (mÍxed)

400 ppm P (mixed)

No P added

25 ppm P (band)

50 ppm P (mÍxed)

100 ppn P (mixed)

200 pprn P (míxed)

400 ppn P (nixed)

JJ

85

9L

95

tL2

734

53

+J

35

4T

3t

53

L79

158

L64

L29

L39

L32

24

24

ZJ

t7

15

30

36

J1,

27

24

23

35

35

35

33

32

29

130

227

234

267

294

335

34

JJ

2B

27

ZJ

23

Flax

99

L20

11t

L02

111-

tL4

94

109

91

öJ

80

73

350

397

328

355

373

355

255

2L4

207

187

L74

L66
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of the decrease in soil pH by 0.3 to 0.5 pH units. Phosphate applicatíons

íncreased the manganese content of flax grown on the Stockton and Newdale

soils but decreased the manganese content, of flax gro\^rn on the Red River,

Plum Ridge and Tarno soils. The híghest manganese content of flax growrr

on the Plum Ridge and Lakeland soils was obtained when 25 ppm of phosphorus

was added in a band below the seed. It is possible that a Localized dec-

rease in soiL pH near the phosphate band increased manganese avaílability

to the plants. The varÍatÍon in manganese content of flax plants from

the Plum Rídge and Tarno soíls could not be explained on the basís of pH

variations for these soils. The manganese content of flax was considerably

greater than that of wheat. Although the manganese content of the plant

tissue varied widely, the levels of manganese found in the plants are

within the range not consídered to be toxic or deficienË, except for the

manganese conLent of wheat on the Plum Ridge soil. A growth stress may

occur in wheat plants with a manganese level below 30 ppm (34). The man-

ganese content of wheat grorrrl on the Plum Ridge soil varied from 15 xo 24

ppm. The amounts of manganese supplíed by the soils differed but was not

related to the carbonate content of the soíls.

Except. for the St.ockton and Newdale soils, the zinc conLent of wheat

decreased with added phosphorus, particularly at high levels of added phos-

phorus (table VIII). Similar trends excepr for rhe Lakeland soil were ob-

served when flax r¡ras gror/'rrr. Decreased zinc content of crops with phosphate

fertílízatíon has been noted by other workers (33, 44, 49). The zínc

content of wheat and flax grown on the calcareous soils receiving no or

small amounts of added phosphate was usually lower than when growrt on the

noncalcareous soils. Similar observations have been reported by other

workers (35, 46). Melsred er al. (34) srared Ëhar 15 ppm of zinc in whear
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TABLE VI]T

EFFECT OF ADDED PHOSPHORUS OI{ THE ZTNC CONTENT OF I,IHEAT AND FLAX (pp*)

Treatment

i{heat

Stockton Newdale Red River Plum Ridge Lakeland Tarno

No P added

25 ppm P (band)

50 ppm P (mixed)

100 ppm P (rnixed)

200 ppm P (mÍxed)

400 ppm P (mixed)

No P added

25 pprn P (band)

50 ppm P (mixed)

100 ppm P (mixed)

200 ppm P (mixed)

400 ppm P (mixed)

40

46

45

45

40

40

JO

31

27

26

26

/_o

¿Õ

2L

ZJ

19

t5

L6

J¿

31

JJ

29

23

¿J

27

2L

22

19

L9

I7

5B

4T

47

4s

4L

45

Flax

48

4T

4L

33

32

42

63

52

52

48

46

49

32

27

2L

20

19

2L

L6

L7

L6

15

t4

L4

27

26

24

25

29

27

25

L9

18

19

L9

1B



26

T¡las near the level at which growth sLress may occur. It is possible that

a zírLc deficiency, particularly on the Plum Ridge soilr maY be p-artially

responsible for Lhe low yields on the calcareous soils.

The decrease in zinc content. of the plants could not be explained

on the basis of pH changes in the soil when phosphorus r.^ras added. Thus

the reductÍon Ín zinc content was due to the effects of phosphorus per se.

The copper conlenL of wheat and flax r¡ras not greatly influenced

by phosphate additions except for flax grown on the Plum Ridge soil where

a decrease ín copper conÈent occurre¿ (table fX). hlheat and flax grordn

on the calcareous and noncalcareous soils contained similar amounts of

copper. Copper contents of 3.0 Ëo 5.0 ppm in cereals have been suggested

as possible critical values below which deficiency symptoms may occur

(23, 34). ResulËs of this study would indícate thar a copper deficíency

did not exist in most of the soils. However, t.he low coppeï content of

flax grown on the Stockton and PIum Ridge soils indicate that these soils

may be copper deficient.

A decrease in the minor element concentration of the plant tissue

with an increase in added phosphorus may be regarded as a detrimental

effect of phosphorus on minor element upLake by the plant. However, it

is possible thaË the observed reducËions in the mÍnor element concentra-

Ëion were due to the increase in yield obtained when phosphorus was

added. This would be particularly true if phosphorus rnTas in extremely low

low supply and Ëhe soil contained a limiÈed supply of available mínor

elements. fn an attempt to account for biological dílutíon effects, the

lotal uptake by Ëhe above ground portion of the plant was calcula¡ed.

A decreas.e in mínor element uptake partícularly when yields r¡rere not

decreased would indicaËe a detrimental effect of added phosphorus on
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TABLE

EFFECT OF ADDED PHOSPHORUS ON THE COPPER CON]ENT OF I,THEAT AND FLAX (PP*)

I¡lheat

Treatment Stockton Newdale Red River Plum Ridge Lakeland Tarno

No P added

25 ppm P (band)

50 ppm P (mixed)

100 ppm P (mixed)

200 ppm P (mixed)

400 ppn P (mixed)

No P added

25 ppm P (band)

50 ppm P (mixed)

100 ppm P (mixed)

200 ppm P (míxed)

400 ppm P (mixed)

10.0

7.0

7.0

7.0

11.0

11"0

5.5

5.5

5.5

4.0

5.5

5.5

10.0

9.0

9.0

L2.0

L2.0

10.0

Flax

9.0

5.0

10.0

5.0

5.0

8.0

L2.0

10.5

8.0

u\

8.0

9.s

OR

8.0

8.0

8.0

8.0

7.0

10.0

8.0

8.0

8.0

7.0

11.0

r3.0

7.0

5.5

5.5

5.5

5.5

14. 0 L2 .0

L2.0 9.5

13.0 t2.0

15 .0 10.0

15.0 11.0

12.0 11 .0

Lz.O 13.5

10.0 9.s

8.0 9.5

8.0 11.0

L2 .O 11. 0

9 .0 L2.0
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absorption from the soil or translocation of the nutrient from the roots

Ëo the above ground portion of the plant.

Phosphorus uptake by wheat and flax increased with added phosphorus

except when large reductions in yield occurred !üith high levels of added

phosphorus (table X). Generally the wheat crop r¡ras able to utiLÍze more

phosphorus than the flax crop. Phosphorus uptake by these crops was

greater from the noncalcareous than from the calcareous soils.

Ïron uptake by wheat was higher on the phosphorus treated than

on Ëhe nontreated soíls (table (XI). Iron upLake by wheat on the Stockton,

Red River, Plum Ridge and Lakeland soils decreased with levels of added

phosphorus above 100 ppm. The iron uptake by flax grovin on the Plum Ridge

and Tarno soils decreased as the amount of phosphorus-added was increased.

The yields obtained did not vary greatly, rhus the added phosphorus

restricted the uptake of iron from these two soils. Little or no detri-

mental effect of added phosphorus on iron uptake was observed on the other

soils. Tron upËake by boÈh crops hras great.er from the noncalcareous Lhan

from the calcareous soíls; this was due to greater yields obtained on the

noncalcareous soíls as Lhe iron content in the plants \¡ras simílar for both

types of soils.

Manganese uptake by wheat on the Newdale, Red River, plum Ridge

and Lakeland soils was increased by the 25 ppm phosphate application but

decreased when higher rates of phosphorus were added (table xrr)" The

manganese uptake by wheat on the St.ockton .soil increased when

high rates of phosphorus were applied. High rates of added phosphorus

reduced the manganese uptake by flax on the Red River, plun RÍdge and

Tarno soils. Due to lower yíetds, the uptake of manganese by wheat and

flax grown on the calcareous soils was less than when grown on the



29

TABLE X

EFFECT OF ADDED PHOSPHORUS ON THE UPTAKE OF PHOSPHORUS
By LTHEAT AND FLAX (me/pot)

Treatment

trüheat

stockton Newdale Red River plum RÍdge Lakeland rarno

No P added

25 ppm P (band)

50 ppm P (mixed)

100 ppm P (mixed)

200 ppm P (mixed)

400 ppm P (mixed)

No P added

25 ppm P (band)

50 pprn P (mixed)

100 ppm P (mixed)

200 pprn P (rnixed)

400 ppm P (mtxed)

7.0

L3.7

19.2

26.4

28.6

28.6

4.6

8.6

oo

l3 .9

15 .6

18.5

7.2

9.6

LL.2

13 .0

15.1

15 .3

Flax

7.8

22.L

22.6

30.2

30.2

17.0

o.o

5.5

7.4

6.0

-74

3,6 5.9

7.7 10.9

8.5 11.4

10.0 t5 .2

9.1 L8.2

L2.3 L7 .3

1.7 3.6

1.5 4.7

1.8 5.6

2.3 7.4

2.5 L0.2

3.5 9.1

8.1

7.5

9.5

10"5

L2.2

Ls .4

9.4

1l.B

L4.2

20.4

24.L

tt.¿

at

3.6

5.0

4.6

5.4

5.6
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TASLE X]

EFFECT OF ADDED PHOSPHORUS ON THE UPTAKE OF TRON
By I,r'THEAT AND FLAX (ug/por)

llheaË

TreatmenË stockLon Newdare Red River plum Ridge Lakeland rarno

No P added

25 ppm P (band)

50 ppm P (míxed)

100 ppm P (mixed)

200 ppm P (mixed)

400 ppm P (niixed)

No P added

25 ppm P (band)

50 ppm P (mtxed)

100 ppur P (míxed)

200 ppur P (mfxed)

400 ppm P (míxed)

110

238

244

255

256

¿Jl

L94

225

323

284

358

296

FIax

293

232

308

345

289

3L4

L2B

3L7

264

269

260

138

49

98

79

98

65

B5

133 70

2L2 185

229 185

25L 234

2L9 270

L76 246

65 69

61 72

61 64

62 75

70 85

82 68

L78

2ro

189

205

L94

204

191

226

223

250

230

190

73

OJ

56

49

42

4l
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TABLE XTT

EFFECT OF ADDED PHOSPHORUS ON THE UPTAKE OF MANGANESE BY
I,IHEAT AND FLAX (uglpot)

Treatment

llheat-

St.ockton Newdale Red Ríver Plum Rídge Lakeland Tarno

No P added

25 pprn P (band)

50 ppm P (míxed)

100 ppm P (níxed)

200 ppm P (rnixed)

400 pprn P (nixed)

No P added

25 pprn P (band)

50 ppm P (nixed)

100 pprn P (mixed)

200 ppm P (mixed)

400 ppm P (míxed)

69

332

366

4L8

470

563

80

99

94

95

81

77

Flax

100

200

168

L97

161

118

464

488

s40

477

473

447

208

477

490

586

587

704

266

348

309

305

298

3tB

75

76

73

5B

48

44

280

278

229

249

26L

¿ö+

L9

3B

31

36

2L

2L

39

86

79

73

6B

64

49

91

9t

L07

110

:93

230

235

227

242

191

t66
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noncalcareous soi1s.

High rates of phosphorus had a detrimental effect on zinc utilíza-

tion by wheat and flax on most soils (fable XIll). Generally, zínc upËake

by wheat and flax was lower from Ëhe calcareous Lhan from the noncalcareous

soils" Highesx zinc uptake by both crops occurred on the Stockton and

Newdale soils. The Plum Ridge soil supplied the lowest amount. of zinc to

wheat and flax. Navrot and Ravikovitch (37) found an inverse relationship

between native zinc absorption by tomato planÈs and soil calcium carbonate

content. Their work also índicat.ed that the quantity and nature of the

soil calcium carbonate was important in determinÍng zÍnc avaílability.

Greater absorption of zinc on dolomite than on calcite (29) may be a

partial explanaËion for the differences in zínc uptake by plants from

carbonaEed soils containing similar amounts of carbonates.

The copper uptake by wheat. \^ras íncreased by phosphorus additions

on all soils. Phosphorus applications had little or no effect on copper

uptake by flax except for the Plum Ridge and Lakeland soils. On these

soils copper upËake was reduced from 10 to 3 and 10 to 6 ug/pot, respectively.

Results of this sLudy showed Èhat minor element contenË and uptake

by wheaÈ and flax were reduced in many instances as phosphorus rates \^rere

increased above 25 ppm. The magnitude of these reductions varÍed with

soil type and could noL be aËtribuËed to pH changes in the soil when phos-

phorus was added. Minor element uptake by wheat and flax was usually

lower from the calcareous than from Ëhe noncalcareous soils. The iron,

manganese and copper cont.ent in the plants gro\Ärn on the calcareous and

noncalcareous soils was similar. A greater zínc content was found in

plants gror{rt on the noncalcareous than gror.rn on the càlcareous soils.

The lower zinc content of plants gro\^rn on the carbonated soils may be due
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TABLE XTIT

EFFECT OF ADDED PHOSPHORUS ON

BY WHEAT AND FLAX
THE UPTAÏE OF ZTNC

(uel pot )

Treatment

trrlheat

SLockt,on Nev¡dale Red River Plurn Ridge Lakeland Tarno

No P added

25 ppn P (band)

50 ppn P (mfxed)

100 ppm P (nixed)

200 ppra P (mixed)

400 ppm P (mixed)

No P added

25 ppm P (band)

50 ppn P (band)

100 pprn P (mlxed)

200 ppn P (míxed)

400 ppn P (mixed)

87

L79

180

198

r66

L66

100

109

109

105

92

103

138

L22

158

158

L46

153

6B

L46

t27

L25

135

65

83

B2

69

74

63

7L

22

34

29

30

20

22

13

L2

13

11

8

I

4L

IJ

83

77

65

64

38

53

56

6L

67

64

Flax

L2B

r19

113

99

86

t16

22

18

24

1B

20

22

22

2L

19

25

20

18
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TABLE XIV

EFFECT OF ADDED PHOSPHORUS ON THE UPTAIG OF COPPER
BY I^IHEAT AND FLAX (uglpor)

Treatment

i,flheat

Stockton Newdale Red Ríver Plum Ridge Lakeland Tarno

No P added

25 ppm P (band)

50 ppm P (nixed)

100 pprn P (nixed)

200 ppm P (mlxed)

400 ppm P (mÍxed)

No P added

25 ppm P (band)

50 ppm P (mixed)

100 pprn P (rnixed)

200 ppm P (mixed)

400 ppn P (míxed)

l_l

27

27

30

4s

45

24

27

3t

4Z

43

34

23

51

3B

46

42

24

25

25

26

30

27

)IL

B

13

10

13

9

l5

1B

29

JJ

39

44

J+

10

7

6

6

I

7

L7

25

31

3B

35

L2

10

10

L4

L2

l2

Flax

8

ll_

1t

9

11

11

24

13

2B

t5

L4

JZ

10

5

4

+

J

3
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to lower amounts of naturally occurríng zLnc, adsorpt.ion of zinc on car-

bonates and/or the Low solubility of zínc oxides in carbonated soíls.

Minor element deficiencies may be present in some of the soils as indícated

by Low yields of i,¡heat and flax.

solubílity of rron, Manganese, Zínc and copper in soils Treated wíth

Phosphorus.

The reduction in mínor element utilízation by plants grovrn on

soils treat.ed with phosphate has been aËtributed to phosphorus-minor

element reactions in the soíl (3, 50). rt has been postulated that Ëhe

mínor elements may be precípitated as ínsoluble phosphates. A st,udy on

the influence of added phosphorus on mÍnor element concentratíons ín soil

solutions was initiated. Phosphorus \^ras added to the soÍls at varying

rates, incubated and Ëhe amounts of mínor elements extracted wiËh waÈer

de termined.

Ten-gram samples of the soils (Tabte I) were placed ínto porcelain

crucibles. Levels of phosphorus approxímating conditions found ín the

soil near a phosphate fertilízer pellet were selected. Phosphorus at the

following raLes was mixed wíEh each soil:

(a) no phosphorus added;

(b) 0.1 g NH4H2pO4;

(c) 0.2 e NH4H2POO;

(d) 0.4 e NHoHrPoo;

(e) 0.8 e NH4H2PO4.

The soils were moistened to field capacity moisture content and

incubat.ed for 2, 14 or 28 days at room temperat.ure. After each incubaËion

perÍod, the ten-gram soíl samples were placed into 50 ml of deionized

water and equilibrated by shaking for 24 hours. The pH of each sample was
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measured and the suspension filtered through No. 42 Whatman filter paper.

i'trater soluble phosphorus 'h/as determined colorimetrically and manganese,

iron, zinc and copper content.s of the exEracts determined by aLomic absorp-

tion spectrophoËometry.

The applicaLion of monoammoníum phosphate to the soíls decreased

the pH of all solls (ra¡le xv). The pH of the noncalcareous soils

decreased by 1.5 to 1.9 pH units and was below a value of 6.0 when 0.g g

of monoammoníum phosphate was added. The pH of the calcareous soils

was decreased by only 0.3 to 0.6 pH uniLs.

ExLremely high concentrations of iron were present in t.he water

extracËs of the Stockton soil. Phosphate applícaÈíons decreased the

iron content of the extract from 92.2 to B.1 ppm. HÍgh phosphate

applicat.ions increased the solubÍlity of iron Ín the Nerwdale and Red

River soíls. More water soluble iron was presenË in the extracts of the

calcareous soils t.reated with high levels of phosphorus than was present

in the exËracts of the soils not ËreaÈed with phosphorus.

Manganese concenlrations in Èhe water exlracts of most of the

sol-ls were íncreased by phosphate additions. The relative amounts of

manganese in soluÈíon r^ras greater for the noncalcareous than calcareous

soils. Since the solubitíty of the manganese oxídes lncreases with

decreases in pH, more manganese would be found in the soiLs when the pH

was lowered" Thís is generally verifled by Lhe data in Table xv. No

r¡¡ater soluble mangaÍrese was detected in the Plum Ridge soÍl samples with

pH values of 7.8 to 8.4.

Zinc solubilíty was Íncreased by phosphate applicaEions in all

soils except. the Tarno soil. Bíngham and Garber (5) reporÈed similar

increases ín zinc solubilÍty with added phosphorus in two of three soíls
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TABLE XV

MTNOR ELEMENT AND PHOSPHORUS CONCENTRATIONS AND PH OF I^IATER EXTRACTS
OF SOILS TREATED I.TITH PHOSPHORUS AND INCUBATED FOR 2 DAYS

Soíl TreaËment pH Fe(pprn) l¿n(ppn) Zn(ppm) Cu(ppn) p(ppm)

S tockton

Newdale

Red River

Plun Ridge

Lakeland

Tarno

No P added
0.1 e NH,H^PO,vu/L
0.2 g 'tr-
0.4 g rr

0.8 g rr

No P added
0.1 I NH¿H2PO4
0.2 e 'rt

0"4 g rr

0.8 g rr

No P added
0.1 e NH4H2PO4
0.2 e rr

0.4 g rr

0.8 g tr

No P added
0.1 g NHaH2PO4
0.2 e 'rr

0.4 g rr

0.8 g rr

No P added
0.1 e NH4H2PO4
0.2 e rr

0.4 g rr

0"8 g rr

No P added
0.1 g NH/,H'PO/.
0.2 g -ll' +

0.4 e rr

0.8 g rr

6.7 92.2
6.0 27.5
5.8 L2.B
s.5 11. 1

5.2 8.1

7.6 L"2
6.8
6.s 1.5
6.L 2.0
5 .7 4.4

7.6
6.6 0"2
6.L 2"9
5.8 0.4
5.9 0 "4

8.4
7.8
8.0 8.2
7 .9 6.5
8.1 1.0

8.1
7.4
7.5
7.7 5.5
7.5 2.5

8. I 0.3
7.5
atr
I oJ

7.8 6.5
7,s 6.6

1.1
1t

3.7
11 .0
19 .0

0"2
.. L.2
3.8
7.9

0"4
0.7
3.3
4.3

o.r
0.4
I"2

ol+
0.6

0.3
0"3
0.4
1.2
L.2

0.I
0.1
0.3
0"3

0" I
0.1
0"2
0.2

o.i
0.1
0.1

0.1
0.1
0.9

0.1
0.1
0.1
0.1
0.1

0"10
13 40
3330
875 0

I 7000

0.20
780

1 580
4630

13000

0. 10
980

2L70
5380

13 800

0. 10
360
-540

1000
175 0

0. 10
500
7L0

1880
5250

0. 10
500
750

L250
19 80

None detecËed,
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t.hat were used in their study . Zi-nc conceritrati.ons in

low and only Èhe Stockton soil contained more than l.O

zinc.

The amounts of copper in the water extracLs

in the soils íncubated for two days.

Phosphate applícatíons increased Ëhe \^rater

content of the soils. Lower amounts of phosphorus

the calcareous than from the noncalcareous soils.

pH, particularly in the calcareous soilsr ûây be an

equilíbration with phosphate had not been aLtained

incubation.

extract S r¡Iere

rnrater solub le

could not be detect.ed

soluble phosphorus

r¡Iere recovered frOm

The variations in soil

indícaLion that

after two days of

the

ppm

The results of the 14-day incubations indicated Lhat phosphate

applications did not produce as great. a decrease Ín pH as T^ras found for

the two-day incubations (table XVI). The caLcareous soils treated with

0"1 g monoammonium phosphate had lower pH values than when treated wiËh

higher rates of phosphorus. At the high rates of added phosphorus, the

pH values were close to Ëhe values of the untreaËed samples. The higher

pH of soils treated r¡rith hígh levels of phosphorus as compared to soils

treated wit.h small amounts of phosphorus.',:nay be due to the formaËion of

ammoníum bícarbonate (42). Thís salt has a high pH in solurion and could

form in the presence of carbonates.

The Stockton soil extracts contained similar concentrations of

iron for the two-day and l4-day incubations. More iron r¡ias present in

extracts of the Newdale soi.l after 14 days than aft.er t\^ro days of incuba-

tion. The Íron content of the calcareous soils decreased with Ëíme of

íncubation. As was found for the two-day íncubations, the iron content

of the phosphaLe treated soils (except the srockËon soil) was usually
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TABLE XVT

MINOR ELEMENT AND PHOSPHORUS CONCENTRATIONS AND pH OF i^IATER EXTRACTS
oF soTLS TRIATED itIlTH PHOSPHORUS AND TNCUBATED FOR t4 DAys

Soil Treatment, pH Fe(ppm) Mn(ppm) Zn(ppm) Cu(pprn) p(ppn)

Stockton No. P added
0.1 g NH4H2POå
0,2 g rr

0'4 g rr

0.8 g lr

Newdale No P added
0.1 g NH4H2P04
0"2 g rr

0'4 g rr

0'8 g rt

Red River No P added
0.1 e NH/.HoPO/.
0"2 g nttt *

0'4 g rr

0'B g rr

Plurn RÍdge No P added
0.1 g NHáH?PO¿
0'2 g 'tr-

0'4 g rr

0'B g rt

Lakeland No P added
0.1 g NH/.H'PO/.
O'2 g *tt' I
0'4 g rr

0'B g rr

Tarno No P added
0.1 g NH4H2PO4
0'2 e rr

0'4 g rr

0"8 g tr

6.s
6.4
o.z
6.2
5.6

7 "4
6.7
6.8
6.6
6.5

7.5
6.6
6.3
6.3
6"2

8.2
7 "5
7.7
8.0
8.1

7"7
1a

7.5
7.5
7.6

7.7
7.3
7.3
7.5
'E

100.5
50.0
L3.7
',7.9
6.4

0.3
24.8
3L.7
19 .0
L6.2

1.0
0.2
0.3
0.6

rlo

0"2
0.2
7.0

10. I

0.2

.

L"6
aa
,o
4.8

22.0

0.6
L.4
J"Õ
co

L.4
3.8
5.9

0.7
1.3

olr
0.4

0.8
0.7
0.3
0.2
0.2

0.2
0.3
0.4
0.2

0.1
0.1
0.2
0.2
0.2

o:t

0.1

0.2
0.1
0.1
0.1
0.1

0" I
0.1
0.1
0.1

0.2
0.2

^,)

L"0
360
340
400
500

0. 1 2.0
0.2 1610
0.2 3230
0.3 7630
0 .2 18500

0.2 3.0
0.2 720
0.2 1380
0.3 4450
0.7 12700

0.1 3.0
0.2 930
0.2 1810
0.4 4930
0.3 14500

0.1 1.0
- 540

0.2 980
0.3 1550
0.8 4300

0.1 t.0
0.2 410
0.2 590
o,2 750
0.3 1750

::'c None detecLed.
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greater lhan t,hat of the untreated soils.

The manganese concentratlons in the water exLracls followed

trends similar to those observed for Ëhe Lwo-day incubations. That. ís,

more manganese was usually present ín treated than in untreated soils.

Of Ëhe calcareous soils, only the highly phosphated Tarno and Lakeland

soils contained detectable amounts of wat.er soluble manganese.

The application of phosphorus to the StockËon sofl reduced zinc

solubility" Phosphating appeared to íncrease Ëhe solubility of zinc in

the Newdale and Red River soils. Phosphating had little or no effect on

zinc solubilíty in the calcareous soíls. The zinc concenËratíons of

extracts from the noncalcareous soils T^rere higher than the zinc concentra-

tíons of extracts from the calcareous soils.

The solubility of copper was íncreased by phosphorus addiËions

to all but the Plum Rídge so1l. Slmilar studies by Bíngham and Garber

(5) irr¿icated Ëhat phosphatíng soí1s íncreased the solubilíty of copper.

The water soluble phosphorus conËent of the extracËs from the

calcareous soils was lower than that of Lhe noncalcareous soils after

14 days of incubation. Phosphate concentrations were similar to those

obtained after two days of incubatíon except for the plum Ridge soil

treated with large amounts of phosphorus. The recovery of the added

phosphate decreased with time of incubation for the plum Ridge,soil.

The results for the 28-day incubations are presented in Table XVIT.

The pH values of the soils were similar to those obtained for the 14-day

incubations.

lron and manganese conterits of the extracts followed trends simi-

lar to those found for Ehe 14-day incubations. The iron con¡ent of the

extracËs of the Stockton soil treaLed with smal1 amounts of phosphorus
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TABLE XVTI

MINOR ELEMENT AND PHOSPHORUS CONCENTRATTONS AND pH OF i^iATER EXTRACTS
OF SOTLS TREATED MTH PHOSPHORUS AND TNCUBATED FOR 28 DAYS

SoÍ1 Treatment pH Fe(ppm) Mn(ppm) zn(ppn) cu(ppm) p(ppn)

S tockton No P added 6.1
0.1 e NHáH?PO4 6.4
0.2 e 'n- 6.2
0.4g rt 6.3
0.8 g tt 5.7

Newdale No P added 7.3
0"1 g NH4H2P04 6.3
O'2 e ¡t 6.7
0'4 e tt 6.6
0'B g tr 6.3

Red Rfver No P added 7.3
0.1 g NH¿H?POâ 6.5
0"2 e 'rr- 6'5
0"4e tt 6'4
0'B g tt 6'2

Plum Rídge No P added 8.2
0"1 e NH,H^PO. 7.2
O'2 e '*ú/ 4 7.6
0'4e tt 8"0
0'B e tr 8.2

Lakeland No P added 7.8
0.1 e NHáH?PO¿ 7.2
0'2 e 'tr- 7'4
0.4 S tt 7.5
0'B g t' 7'5

Tarno No P added 8.0
0.1 e NH¿HrPO/, 7.0
O'2 g 'rt- - 7'O
0'4 e tt 7.3
0'8 e " 7.6

6.L
6.0
6.0

L7 ,L
6.4

8.5
11. I
13. 6

-
L.4

,:,

0.7
1.0

o:,

2.4
o1

t:o

7.0

0.2
2.J

J.t
4"9

11 .9

0.5
2.4
5.0
6.2

1.3
1.9
2.5

-ii
0.2
0.1
0.2
0"2

0.1
0"2
0.3
0.2

0.1
0.1
0.2
0.2

- 1.0
- L230
- 2580

0.2 5880
0.3 14000

_ 2"0
- 540

0.2 1360
0.4 24LO
0",4 6340

- 2.0
- 690

0.1 L440
- 3800

0"3 9350

- 0.10_ 300
- 450
- 250
- 530

_ 1.0
- 310
- 660

0.2 940
0.8 24L0

- 0"10
- 300
- 490
- 535

0.3 L260

0"5
L"2

0.4

o.r
0.1
0.1
0.1

0.1

0.L

:k None deLected.
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or untreaLed, was much lower than that found for the samples incubated

for L4 days.

In all but the Plum Ridge soil, larger amounts of. zínc and copper

r^/ere present in the extracts of the treaLed than untreated soils. Phos-

phating did not release any detectable amounts of water soluble zínc or

copper in the Plum Ridge soi1.

The application of monoammonium phosphate to the soils usually

increased the water soluble minor element. content of the soíls. Phosphate

applications increased the minor element concentration in the water ex-

tracts of the noncalcareous soils to a greateï degree t.han that of the

calcareous soils. The lower pHts produced by phosphaËing the noncal-

careous soils was probably responsible for some of these differences.

The data indicates that the reduced uËilization of minor elements by

plants on the phosphated soils was not due to soil mÍnor element

immobilization by phosphates.

The Tnfluence of Varying Amounts of Phosphorus in Nutrient. Solutions on

Lhe Phosphorus, Tron, Manganese, zínc and copper rJtiLization and rrans-

location by ltrheat and Flax.

The previous study indicated that immobilization of soil mínor

elements by phosphate precipitaEíon is not an adequate explanat.ion for

the reduced mínor element uptake by plants. ft has been suggesËed by some

workers (17, 30) Ëhat the phosphorus-minor element relaËionship is physio-

1ogíca1 ín nature. To further substantiate this view, nutrient culture

experiments T¡/ere designed to determine the effecL of varyíng amounts of

phosphorus on absorpËion and subsequent translocatíon of iron, manganese,

zinc, copper and phosphorus by wheat and flax.

The basal Hoagland and Arnon (25) nutrÍent solution was used with
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some modification. Macro-elements rnrere supplied by adding 5 ml of 1"0 M

Ca (N0r)2, 5 ml of 1.0 M KNO3 and 2 ml of l.O M MgSOO per lírer of soluríon.

One milliliter of micro-nutrient stock solution was added per liter of

solutíon; The micro-nutrient sËock solution contained 2.86 g H3BO3, 1.81 g

Mnclt'4H2o, 0.11 g zncr2, 0.025 g Na2Moo4.2H2o and 0.05 g cuc12.2H2o per

liter. lron was added aE a rate of 5 ppm as Sequestrene 138 Fe-chelate.

Phosphorus as KHrPOo was added at. rates of. 2, 5, 10, 20, 50 and 100 ppm.

The pH of the nutrient solution was adjusted Lo 5.5. A randomized block

design with three replicates was used. Approxímately 1400 ml of nutrient

soluËion were placed in plastic containers and 20 r^rheat or 30 flax seeds

placed on screens held above Ëhe surface of the solution. The solutions

were replaced every four or five days and consËanËly aerated. The plants

were harvested after 2L days of growth. Plant tops and roots were washed,

dried and weíghed prior to analysis for manganese, iron, zínc, copper and

phosphorus.

The yield of wheat tops and roots r¿ras not significantly tnfluenced

by the various levels of added phosphorus (Table xvrrr). The yíeld of

wheat tops \^/as slightly reduced when 100 ppm phosphorus was added" The

phosphorus content and uptake by wheat increased wíth increased phosphorus

concentratÍons ín solution.

The iron content of wheat tops and roots was decreased when Ëhe

level of phosphorus in solution was increased. A reductíon in the absorp-

tion of mínor elements from solutions at high phosphate levels would be

revealed by a reduction ín total uptake of the elemenE or elements by the

planÈ" Lnterference with Ëhe int.ernal lranslocation would be made apparenË

by changes in the relative composítion of the rooËs versus the tops. The

Èotal uptake of iron by wheat decreased with added phosphate índicating
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Y]ELD AND IRON.
OF I'/HEAT GROi.¡n{ Iñ

TABLE XVTTT

}fANGANESE, ZINC.._COPPER AND PHOSPHORUS CONTENTNUTRTENT SOLUTIONS VARYÏNò ]Ñ'^;,O"'ORUS LEVELS

content of solution
2 ppm 5 ppm 10 ppm. 20 ppn 50 ppm L00 ppm

Yleld (e)* tops+
RooË s

P (%) rops
RooÈs

Rario (Rgots/Tops)
r uprake."(¡oglpot )

Fe (pptn) top"
Roots

RaËÍo (Roors/Tsps)
Fe uprake (uelpät)

Mn (ppm) Tops
Roots

Ratío (Roots/Tops)
Mn uprake ("e/pãt)

Zt (pp*) tops
Roots

Ratio (Roots/Tops)
Zn upËake (uglpot)

Cu (ppur) Tops
Root s

Ratio (Roots/tsps)
L;u uprake (ue/por)

1.s3
0. 43

0.Bl_
0"81
1"0

15.8

L36
730
5.4
518

r43
830
5.8
572

56
118
2.L
136

33
76

aa¿.J

B3

L"37
o. 37

0.9.3
0.93
1.0

L6.2

118
690
5"8
4Ls

153
680
4.3
459

57
130
)a
L26

1B
6B

3.8
50

L. 49
0.44

0.9 3
0. B7
1.0

L7.7

LL7
725
6.2
487

158
570
3.6
473

JJ
113
2.I
L2B

18
6B

3.7
57

L. 37
0.4r

1.00
1. 18
r"2

18.5

LL7
650
5"6
425

I62
620
3.8
474

50
Lo7
2.L
II2

1B
70

3.8
s4

L "44
0,51

L"24
L.7 3
L.4

26.7

BB

450
5.1
357

165
570
3.5
s29

51
84

T,7
tL7

L9
68

3.6
ol

L.23
0.40

1.63
1.63
L.0

26.6

B8
48s
5.5
o^ôJ(-,J

165
620
3"7
446

52
97

1.8
L02

2L
50

2.4
46

?'í YÍelds are a mean of
€ uptake by roots and

*r,s¡ (o.osp) Tops = Ns

three replícates.

tops.

; RooËs = NS.
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that the absorption of iron r¡ras reduced by high levels of phosphorus.

The relative compositíon of the roots versus t,ops vras similar under low

and high phosphate condiËions indícating that translocation was not reduced.

Manganese uptake generally decreased with applíed phosphorus except

when 50 ppm phosphorus was added. TranslocaLion of manganese appeared to be

increased by high phosphate levels" The copper and zinc contents and total

uptake were also reduced by high phosphate levels. Translocation of. zi-nc

\^ras not ínfluenced by phosphate applícations. The data obLaíned for the

copper content ratios for wheaË was erratíc and showed no defíníte trends.

The yields of flax tops and roots were sígnificantly decreased by

phosphate appllcatíons in excess of 20 ppm (table XIX). Maximurn yield of

flax tops occurred Ín the solution containing 20 ppm phosphorus. The

phosphorus cont.ent in t.ops and rooËs and phosphorus upt.ake by flax increased

wíLh increases in added phosphorus.

The iron content of flax tops and roots did not appear Lo be in-

fluenced by phosphate levels. However, iron uptake was greatesL at the

10 ppm phosphorus level and decreased at higher phosphate raLes. The man-

ganese contenL and uptake by flax decreased with increases in phosphorus

levels. Manganese upËake \^ras reduced at Èhe 20, 50 and 100 ppm rates of

phosphorus but translocation appeared to be íncreased. Reductions

Ln zinc and copper content and uptake occurred wíth increased levels of

phosphorus in solution" The concentration of copper in the tops relative

to the rooLs was decreased at phosphate levels above 5 pp* suggesting that

the translocaÈion of copper from the roots to the tops \^ras reduced at higher

phosphate levels.

Since the content and uptake of the minor elements were reduced

by high phosphaLe levels in both soils and nuÈrient culËures and since the
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TABLE XTX

YIELD AND TRON, MANGANESE, ZTNC, COPPER AND PHOSPHORUS CONTENT OF FLAX
GROI,N\I ]N NUTRTENT SOLUTIONS VARYTNG IN PHOSPHORUS LEVELS

P conËent of solutLon

2 ppm 5 ppt l0 pprn 20 pprn 50 ppm 100 ppn

yield ,t(g) Tops*
Roots

p (%) tops
RooËs

Ratio (Roots/Tops)
P upËakeÐ(me/pot)

Fe (ppn) Tops
Roots

Ratío (Roots/Tops)
Fe uptake (uelpot)

Mn (pprn) Tops
Roots

RaËio (Roots/Tops)
Mn uptake (ug/pot)

Zn (ppm) Tops
Roots

RaËío (Roots/Tops)
Zn uptake (ug/pot)

Cu (ppm) Tops
Roots

RaLío (Roots/Tops)
Cu uptake (ug/pot)

0,92
0.18

0.9 0
I .01
1.1

10.0

150
t263
8.4
366

175
886
5.1
320

9s
L25
1.3
110

45
',48
1.1

50

0"87
0.16

I .09
1 .63
1.5

t2 "L

L42
1006
7.L
328

L66
688
4.L
256

100
153
1.5
LL2

53
','4L
0.8

53

1 .03
0.27

1. 18
t.83
1.6

L7 .L

135
974
7"2
404

L56
709
4.s
354

84
119
1.4
119

L6
38

2.4
27

1 .07
0.20

I .31
2.2t
I.7

18.6

L37
LL23
8"2
374

L43
205
L,4
ï94

BO

96
I.2
I07

13
35

2.7
2L

168
l1t 8
6"7
309

93
153
1*6
101

72
94

1aI.J

74

L6
35)')
IB

L64
1480
9.0
285

64
L20
10

49

53
77

1.5
37

T2
3B

3.2
ll

0. 84 0.52
0"15 0.14

L.7 2 2.42
2.9L 3.53
L.7 1.5

18.7 L7 "3

:k Yields are a mean of three replicates.
f' uptake by roots and Ëops.

*lSt (O.OS P) Tops = 0¡09; Roors = 0.05.



l+7

previous study had indicated that precipitation of minor elements by phos-

phaEe added to soils was unlikely, the influence of hígh levels of phos-

phorus on minor element uptake was physíological in nature, occurring on

or in the root surface. High phosphate leveLs, possibly resultíng in ion

antagonism, reduced the absorptÍonr of mínor elements by plant roots. ALso,

Ëhe translocation of copper ín flax was reduced in solut.ions contaÍning

hlgh levels of phosphorus.

The Influence of Phosphorus and Mínor Element Levels on the Utilization

gl_-Sosphorus and Mfnor .

Burleson and Page (17) found Èhat varying the zinc or phosphate

concentration of nutrÍent solutions increased the concenËration and uptake

of the respective elements in the roots and tops of flax. The previous

experiments showed that high phosphate leve1s restricted the ,uptake of

minor elements in nut.rient solut.ions and soils. Since the high levels of

phosphate may have reduced absorption of the mínor elements due to Íon

anLagonism,aL root. surfaces, an experiment was designed in which both the

phosphorus and minor elemenÈ levels were varied. If the mínor element up-

take at, high phosphate levels could be increased by increasing the mlnor

eLement content of the solutions, this would ÍndicaËe that ion anËagonism

I'üas probably responsible for the reductions in minor element upt,ake.

The t,reatments consisting of three levels of phosphorus and three

levels of mÍnor elements were replicated three times in a completely ran-

domized design. The basic nutrienË solutíon described in Ëhe prevíous i

sËudy was used. Phosphorus as KHTPOT* was added at rates of 2, l0 and 100

ppm. Minor elements were added aË the following levels:

(a)

(b)

ml of micro-nutrienL stock solutíon/1;

ml of micro-nutrient stock solution/1;

1

2
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(c) 4 ml of micro-nutrient stock solution/1"

Solutions were adjusted to a pH value of 5.5 and 20 wheat plants

gro\^in for 3 weeks as described in Ëhe previous experiment. The plants r¡rere

then harvested, r¡rashed, weighed and analyzed.

The yield of wheat. tops and roots r¡ras not significantly influenced

by phosphorus or minor eremenË levels (tabte u). As expected, high phos-

phorus levels increased the phosphorus content of tops and roots at all

levels of minor elements.

The iron content of wheat tops decreased with increasíng 1evels

of phosphorus except at the highest level of minor elements. The iron

content of wheat roots was decreased by phosphorus levels in excess of

2 pp* at all levels of mínor elements. Iron uptake usually decreased with

increases in phosphate levels but increased with increases in minor ele-

ment levels. The P/Fe uptake ratio by the plants increased with increases

in phosphate levels but decreased with increases in minor element levels.

This would indicate that ion antagonism at root surfaces \^ras responsíble

for reduced iron uptake at high phosphate levels.

Both, increased phosphorus and minor element.s in soluËíon T¡/ere

responsible for the increased manganese content of wheat tops. Manganese

uptake was increased by higher minor elemenL leve1s added, but decreased

when high amounts of phosphorus r¡rere added except at the highest level of

added manganese. The P/Mn uptake ratio by the plants paralleled the find-

ings noted for iron. Examination of Lhe root to Ëop ratio indícated that

translocaËíon was not influenced by high phosphate or minor element leve1s.

The zinc content of wheat tops groT¡i'n in the 10 and 100 ppm phos-

phorus soluËions r^ras usually hígher than when gror¡rn in the 2 ppm phosphorus

solution. This is in contrast to earlier findíngs. Zinc content of tops

was usually increased by increased minor element levels; sÍmi1ar increases
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TABLE XX

INFLUENCE OF PHOSPHORUS AND MINOR ELEMENT LEVELS ON YIELD, AND PHOSPHORUS,
IRON, MANGAT{ESE, ZINC AND COPPER UTTLIZATTON BY i,THEAT

ÏN NUTRTENT SOLUTTONS

Minor element level 1 dl 2mL 4nl
Phosphorus leve1 2 pp* I0 ppm 100 ppm 2 pprn 10 ppur 100 pprn 2 ppm l0 ppm l0O ppm

Yíeld (g)'k tops*
RooÈs

P (%) rops
RooL s

Ratio (Roots/Tops)
P uptakeÐ(me/pot)

Fe (ppm) Tops
Root s

Ratio (Roots/Tops)
Fe uptake (uelpot)
Ratío(P uptake/Fe

uptake)

Mn (ppn) Tops
RooËs

RaËío (Roots/Tops)
Mn uptake (ug/pot)
Ratío(P uptake/Mn

uptake )

7n (pprn) tops
Roots

Ratio (Roots/Tops)
Zn upËake (uglpot)
Ratio (P uptake/Zn

uptake)

Cu (ppm) Tops
Root s

Ratio (Roots/Tops)
Cu upËake (uglpot)
Ratío (P uptake/Cu

uptake )

L.L7 1. r6
0 .33 0.3 6

0.98 1.00
0.67 0.86
0. 6 0.9

13 .6 L4.7

L27 t26
7L3 631
5. 6 5.0
384 373
35 39

190 2L5
725 530
3 .8 2.5
462 440
30 33

7L 7L
242 2LB
3.4 3.1
163 161
84 9r

26 2L
60 56

2.3 2.7
50 46

272 330

1.05 L.23
0"33 0"34

1_.38 0"91
1 " 19 0.80
0.9 0.9

18.5 13.9

97 r57
63L 1040
6"5 6"6
310 546
60 25

2I5 202
550 850
2.6 4"2
407 537
4s 26

83 72
2L5 238
2.6 3.3
158 L69
LL7 82

22 27
82 7t

3 .7 2.6
50 57

369 244

I,33 l. tB
0.39 0.34

l-,00 L.37
1.05 L "421.0 1.0

t7.4 2L.0

t5B 150
953 727
6.0 -4.9

582 424
30 50

222 223
590 690
2.7 3.1
525 498
33 42

79 88
28L 313
3.6 3.6
2L5 2LO
Bl 100

28 20
69 LzB

2,5 6.4
64 67

27L 313

L.2S 1.3t 1"t0
0,31 0.35 0.35

0.93 1.00 1.35
0.81 0.98 I "440.9 1.0 1.1

13"9 L6.5 20.7

lB3 2r3 t87
1010 850 860
5.5 4"0 4"6
538 595 518
26 28 40

225 245 252
850 665 72s
3.8 2.7 2.9
s4o 554 546
26 30 38

75 98
330 455
4.4 4.6
195 288
71 57

28 25
76 76

2.7 3 .0
sB 59

240 279

8L
318

"ô
205
101

2L
136
6"5

72
288

:k Yie lds are

s uptake by

*r.sr (o.os p)

averages of Èhree replícaÈes.

rooËs and Èops.

Tops = l{S, Roots = NS.
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T/'Iere noLed in the rooËs. The fact that zinc translocation \^/as not reduced

substantíated the results of the previous experiment. Zínc upEake was

reduced by high phosphate levels only at Ëhe lowest level of added mÍnor

elements. The PlZn upxake ratío by the planËs parallel the findíngs nored

for iron and mangarrese.

Increasíng the levels of mÍnor element,s ín solution did not ín-

fluence Lhe copper content of wheat tops. Phosphate additions reduced

Èhe copper content of t.ops at all levels of minor elemenEs. More copper

accumulated in Lhe roots than ín the tops partícu1-arly at high rates of

phosphorus and minor elements indicaËÍng thaL the Ëranslocation of copper

was reduced at these levels. Copper upËake by wheat íncreased with in-

creased phosphate and minor element levels.

Except for copper, high phosphate levels díd not influence the

translocation of minor eLements from t.he roots t,o Lhe t,ops of the plants.

The reduction in upLake of manganese, íron and zinc found in thls and

previous studies appeared to be due to the antagonistic effect of phosphate

on minor elements at the root surface.

The Effect_of Added Zinc and Copper on Yleld and Zinc and Copper Utilízatíon

!¡1Flax Grown ln Soil-e.

A greenhouse study was desígned Lo study Ëhe effect

and copper on yield and minor element conÈent of flax gror¡7n

Newdale, Lakeland and Plun RÍdge soils.

of

on

added zinc

the Stockton,

Two kilograms of air dried soil were placed in glazed one-half

gallon pots. The experimenËal design \.^ras a randomized block with three

replicates. The treatments used were as follows:

(a) no phosphorus or mínor elements added;

(b) 100 ppm P;
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(c) 100 ppm P & 5.7 ppm Zn;

(d) 100 ppm P & 6.4 ppra Cu;

(e) 100 ppm P & 5"7 ppm Zn & 6.4 ppm Cu.

All the phosphorus and/or minor elements were mixed throughout

the soil. The phosphorus \^/as added as NH4H2P04r zinc as Znso4.5H2o and

copper as CuS04"7H2O. Adequate levels of nitrogen, potassium and sulfur

were added to the soíls. Flax was seeded and after emergence thinned to

eight plants per pot. The pots r¡rere rotated periodically on the green-

house bench to provide uniform 1lghtfng. Deionized water was added to

the soíl as requÍred to bring the moisture level to field capacity. Above

ground portions of the plants were harvested 50 days after plantfng. The

plant material was washed, dried at 70oC and weíghed. The plant material

obtained from Ëhe various replícates vras composiEed, ground, wet ashed

and the zinc and copper conLenËs determined by atomic absorption specËro-

phoÈometry. The phosphorus contenL of the plant digest was determlned

colorlmetríca1ly ,

The yields of flax on Ëhe Stockton soil were signíficantly in-

creased when copper and zinc plus copper were added (Table nI)" Addi-

tions of phosphate alone did not signifícantly increase yields on the

Stockton soil. The Newdale soil responded to phosphaËe fertilizaËion,

whíle Lhe Lakeland soil did not respond slgnÍficantly to any of Ëhe ap-

plied nut.rients. The yields obtained on the Plum Rídge soil \^rere

significantly increased when phosphorus wíËh zinc and phosphorus with

zínc and copper were added. The yields of flax as shornm ín earrier

studies were lower on the calcareous than on Ëhe noncalcareous soils.

ZÍnc applications Lncreased the zlnc content of flax groÌ{rt on the

stockton, Lakeland and Plum Ridge soils (table xxrr). The phosphorus
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TABLE XXT

EFFECT OF ADDED PHOSPHORUS, ZINC AND COPPER 0N FLAX YIELDS (B/por)''.

Soil

Stockt.on Newdale Lake land Plum RÍdge

Checks

P

P# Zn

P* Cu

P4zn#cu

4.3a&

5 .4a

5 .4a

7 ,Lb

7.4b

5 .5a

9 .0b

9 .0b

9.9b

B. Bb

L"4a

L .3a

2.3a

I .6a

T.7a

2.la

2.7ab

3.3b

3 .Oab

3 .5b

ã,

&

Yíelds are averages of three replicates.

No phosphorus or minor elements added.

Duncanls multÍple range test, means of Lreatment.s
followed by Ëhe same letter are not signiflcantly

for each soil
differentatP;0.05.
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TABLE XXII

EFFECT OF ADDED PHOSPHORUS, ZINC AND COPPER ON THE
PHOSPHORUS, ZINC AND COppER CONTENT 0F FLAX.

S tockton Newdale Lake land Plum Ridge

Zn Cu
Treatment

( pp*) (pp*)
PZnCuPZn

(%) (pp'o) (pp*) (%) (pp*)
ZnCUP

(pp*) (pp*) (%)
CUP

(ppm) (%)

Check*

P

PiZn

P*Cu

P*Zn*Cu

54 8"0 0.26 47 5.5 0.18

4.0 0.31

5.5 0.31

11.5 0.L2

7.5 0"62

8.5 0.L7

L4.5 0.62

2L 8.0 0.L7

13 4.5 0.41

76 6.5 0.20

8"0 0.38

7 .5 0.18

50 3.0 0.59 28

66 3.0 0.58 36

41 3"5 0.sl 26 15.0 0.30 10

60 3.5 0.51 31 10.5 0.29 24 20.0 0.18 25

18

26

2¿L

13

c-- No phosphorus or minor el_ements added.
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concentration in flax was reduced by zínc additions to the calcareous

soils" A similar decrease was not evident in the phosphorus content of

flax grown on the noncalcareous soÍIs. The copper content of flax was

increased on all soils when copper r¡ras added. Copper applications did not

reduce the phosphorus content of flax on any of the soils. A reduction

in Ëhe phosphorus content of flax on the calcareous soils receivíng zinc

plus copper r¡Ias probably due to a phosphorus-zinc rather than to a phos-

phorus-copper interaction. The differences in t,he zinc, copper and phos-

phorus contents of flax may be explained by the promotíon of growth with

the applícation of these nutrienËs to the soil.

AddíËions of. zinc or zinc plus copper increased Ëhe zinc uptake

by flax on the soils studied (ta¡le XXTTI). Phosphorus uptake was reduced

by applications of zinc or zínc plus copper to Ëhe calcareous soils. The

presence of carbonates seemed to accentuate the phosphorus-zínc interaction.

copper has been known to depress t.he absorption by plant roots

in several systems studied. Copper depressed zínc absorption from soils

in long term experiments with bean seedlings (24) " This may be an explana-

Ëion for the reduceð zínc uptake by flax on Lhe Newdale, Lakeland and Plum

Ridge soils when zinc plus copper T¡ras added. ft has been reporËed that

copper had its greaËest effect on zjtnc absorption when zinc was in

l-imiting supply; where zinc was in luxury supply, copper actually enhanced

zinc absorption (18). The applÍcaËion of copper íncreased the copper

uptake on all soils. Addition of zinc plus copper Íncreased the copper

uptake as much or more than did the additíon of copper alone on three

of the four soils. Applied copper increased phosphorus upËake, the in-

creases being Latger on the noncalcareous than on the calcareous soils.
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The P/zn and P/cu uptake ratíos increased when phosphate was

applied, but decreased when zinc or copper were adde¿ (table XXTV)o The

addítion of copper usually increased xhe P/Zn uptake ratio indicatÍng that

lower amounts of zi.nc were taken up in Ëhe presence of applied copper.

The additÍon of zínc decreased the P/Cu uptake ratío. This was probably

due to a phosphorus-zínc interaction which reduced phosphorus uptake

thereby decreasÍng the P/Cu uptake ratío.

This study supplied furEher evidence of a phosphorus-zínc ínter-

action. The presence of copper-zjnc competitíon ï\ras also evident. These

interactions tended to be more pronounced ín carbonaËed soíls than in

noncarbonaËed soils.
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TABLE XX]V

RATTO OF P/Zn AND P/Cu UPTAKE BY FLAX

S oí1

S tockton Newdale Lake land

P lCu P lZn

Plum Rídge

P lCu P/Zn PlCuTreatment P /Zn P/Cu P /Zn

CheckS

P

P+Zn

P#Cu

P+ Zn+Cu

48

119

87

t26

B6

324

L994

L944

L456

L465

39

110

86

116

96

330

767

561

L99

279

46

263

69

6L9

76

75

920

195

430

B9

7B

309

10

297

73

206

900

300

47L

242

No phosphorus or minor elements added,



V. CONCLUSTONS AND SUMMARY

Ïn recent years, lnterest has been focused on phosphorus-mínor

element interacÈíons due to numerous reports of minor element problems

particularly in areas where high l-evels of phosphaÈ.e or continual phosphate

tertiLLzat.ion occurs. Earlier workers postulated that the formaË.fon of

sparingly soluble phosphorus-mínor elemenË compounds was the cause of the

minor elemenË deficiencies. More recent. evidence, however, has índícated

that phosphate may reduce minor element uptake because of ion anËagonism

at the root surface.

Tn an attempt to gain more information on phosphorus-minor element

interactions, several studies were conducËed. A sLudy vras conducLed Lo

determine Ëhe influence of high levels of monoanmonium phosphate added t,o

several soils on the uptake of íron, manganese, zínr- and copper by wheaË

and flax. The applicatÍon of phosphorus íncreased wheat. yields signífí-

cantly on all soils, but flax yields were not increased. trüheat and flax

yields were lower on the calcareous than on Ëhe noncalcareous soils. Added

phosphorus decreased iron, manganese, zinc and copper concenËration of

wheaË and flax in many insËances. rron, manganese, zinc and copper uptake

by wheat and flax was also reduced when high rates of phosphorus were added

Èo soils. The reduction of minor elemenË uptake on È,he highly phosphated

soils could not be aËtributed to soil pH changes in most soils. The low

yields and minor element contents of wheat and flax grown on some of the

soils indicated that zínc and copper deficíencies may exist in some

Manitoba soils.

The solubility of iron, manganese, zirtc and copper as affected

by additions of phosphorus to soils rJüas studied. PhosphaËing the soils

decreased the soil pH and usually increased the mínor elemenË content of
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soil-water extracts. This effect was more pronounced on the noncalcare-

ous than on the calcareous soils. In a few instances, the iron and zinc

concentratíons of the \,Iater extracËs were reduced by phosphate applications.

The general increase in the minor element contenL of the soil-$/acer

extracts with phosphating, índicated Èhat the reduction in ml-nor element

uptake by wheat and flax \^Ias not the result of phosphorus-minor element

precipitation.

The Ínfluence of high levels of phosphorus in nutrient solutions

on minor elemenL uptake by wheat and flax was studied. l[heat yields were

noË influenced by phosphate rates up to 100 ppm while flax yíelds were

reduced by phosphaËe rates ín excess of 20 pprn. The minor element conLent

of wheat and flax decreased wiËh increases in phosphorus concentration,

except for manganese and iron in wheat and flax tops, respecËívely. High

levels of phosphorus in the nutrient solutions reduced íron, manganese,

zinc and copper uptake by wheat and flax. The translocaËion of copper

in flax was found Ëo be reduced by high amounts of phosphorus in the

nuLrienL solutions. An experíment, using nuErient cultures, in which both

phosphate and mÍnor elemenË leve1s were varied, indicated that ion anta-

gonism was mainly responsible for reducing the minor element uptake by

plants in soils or solutions containing high concentrations of phosphorus.

The effect, of zinc and copper applicaLions on yields and minor

element upt.ake by flax groT¡/n on soils was studied. Flax yields were

signifícantly íncreased by zinc and copper applications to two soils.

The applicaLion of either of Èhese nutrients increased their uptake by

flax. There was evidence of a phosphorus-zinc and copper-zinc antagonism.

These ínteractions were more pronounced on the calcareous Ëhan on the

noncalcareous soils.
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These studies suggest that reductions in minor element uptake from

highly phosphated subst.rates are mainly due to ion antagonism.effect.s. The

translocation of copper from Lhe roots to the above ground portion of the

planË was also reduced by high phosphaÈe levels. Although the mínor ele-

menl conÈent of the plants was reduced when large amount.s of phosphorus

were added to the soils, the yields vrere usually not reduced at high levels

of applied phosphate. Thus, it would appear frorn this study that only

exËremely large amounts of applied phosphate or the use of phosphate over

a long period of time would resulË in phosphate índuced mínor element

deficíencies ín Manitoba soils. Thts study also showed that some Manítoba

soils do noÈ supply suffÍcíent quantities of copper and/or zlnc for the

growÈh of crops such as flax. Addition of phosphorus Ëo these soils, wi¡h-

oul the use of mlnor element fertilizerse may only íncrease the degree of

defíciency and result in reduced yields,
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