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ABSTRACT ---- --- / 
/ 

Pyrophosphate retention and half-life values, as weIl as pyrophospha-

tase activity, were determined in 24 organic sail materials containing 
o 

c 
.i " 
1 

, < 20% ash~ Pyrophosphate retentiJ ~a~ correlated with ash content (r -

O,87~U) but still was weak. Pyro hosphatase activity [11,6 to 148,1 ... 

-1 -1 mmol.kg .(2h) 1 was higher in virgin than in cultivated materials and was 

promoted apparently by nonspecific acid phosphatases. The interactio~ bet-

ween water-soluble pyrophos~hate and pyrophosphatase activity explained 

77% of the variation in log-transformed half-life values ranging from'O,l 

to 3,7 days. ~r sigoificantly decreased pyrOPh~sPhatase activity. 1 

However, pyrOP~~hate hydrolysis rate was not 'affected significantly by Cu 

-1 .1 contents up to 1177 mg.kg in humic materia1s. Becausf of rapid rates of 

pyrophosphate hydrolysis in humic and mesic mate rials compared with rate of 
1 

P uptake by onions, no significant difference in bulb yie1d and P uptake 

v 

~were obtained at harvest between pyrophosphate and orthophosphate fertilizers. 
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RESUME 
,1 

J 
La rétention et la demi-vie du pyrophosphate de même que l'activité 

pyrophosphatasique furent déterminées da~ 24 :atériaux organiq~es co~t~n~nt JI, 

< 20% de cendreso Une corrélation significative (r:: o,8?6~L fut établie 

entre le contenu en cendres et la ~inn, toutefois lâche,du pyrophosphate. 

L'activité pyrophosphatasique, attribuable à des phosphatases acides non spé-

cifiques, était plus éievée en matériaux vierge~ que cuitivés. 
<1 • 

L'interact;,i,on 

entre le pyrophosphate hydrosoluple ej l'activité pyrophosphatasique expliqua 

77% de la variation dans les valeurs de demi-vie (0,1 - 3,7 jour~) transfor-

~ées en logarithmeso Le Cu inhiba l'activit~ pyrophosphatasique. Toutefois 7 

~des teneurs en Cu atteignant 1177 mg'pai kg de matériaux hu~ique5,n'ont pas 

ralenti significativement l'hydrolyse du pyrophosphate. A cause des taux 

---rapides d'hydrolyse du py'rophosphate en sol organique par rapport au taux dé 

prélève~ent du P par 1 '~ignon, aucune différence ~'ignificative n"existait 

entre fumures<p~~6Phosphatées et orthophosphatées quant aux re~demepts des 
~ 

bulbes et aux'prélèvements deP. 
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~ U.ing PyroPhos~~tion. reported for mineraI goils, a general, 

model was dèveloped'to~xplain the fat~ of pyroph~sphate in organ1c 80ils 

1 • 

~Y f~v~major reactions: retention of soluble pyrophosphate, hydrolysis of 

soluble pyrophosphate into soluble o'rthophosphate, retention of soluble 

orthophosphate, plant absorption of soluble pyrophosphate and plant absorption' 
, ' ' 

of soluble orthophosphate. New findings have been made on the capacity of 
'-

organic soi.ls 'to retain pyrQphosphate and on the rate of pyrophosphate hydro-
, ' 

lysis in these soils. ,< 

The pr~~ent research provides original findings as f0110ws: 

1) Pyrophosphate retention in organic soil mate rials was highly correlated 

with ash content in the range of 1 tO'19% ash; low-ash materials retained 

little or no pyrophosphate, while hig~sh rnaterials retained pyrophosphate 

weakly, as noted by small half-life values « 3,7 days) for pyrophosphate 

incubated ln these materials. Thus the effect of retention was short-lived~ 

2) Pyrophosphatase and phosphatase activities were assayed under comparable 

conditions by developing a new assay method for organlc soils. lA 0,2 ~ 
. , 

Tri~ciyric acid buffer at pH 6,4 was used •. Pyrophosphatase and phospha-
, ~ 

ta se activities were highly correlated and apparently promoted by nonspe-

cific aei? phosphatases. The activation energy of pyrophosphate hydrolysis 

-1 in fibric and humic materials was 22 and 33 kJ .mol , respective'ly • 
1 

/ 

6 3) The theoretical interaction between pyropho~phate retention and pyrophos-

/ 
phatase,activity was described by a multiple regression equation which 

explained 77% of the variation in log (half-life) values of py~ophosphate 

hydrolysis in 24 organic soil materials. 
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4) The enzyme inhibitor Cu, widely used~s a ferti~izer, was found to reduce 

pyrophosphatase activity in 24 organic soil materials, but vas not likely , 

to reduc~ pyrophosphate effe~tiveness as a fertilizer-fn hrimic mate rials 

conEaining up to 1177 mg of Cu per kg. 
4 

. S} Differences between pyro- and orthophosphate as P sources;' for onions 
, J 

Q 

grown on humic and limed mesic materials were found ta be nonsignificant, 

although heavy applications of Ca(OH)2 to the mesic material increased 

considerably pyropWosphate retention and reduced py~ophosphatase activity 

as 'compared with the original materialo Pyrophosphate hydrolysis rate 

was rapid in organic 90ils as compared with the rate of P absorption by 

anions. Onions could accumulate excessive amounts of P from both pyrophos-

- ~hate and ortho~hosphate fertilizers. 
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INTRODU'tTION 

Nearly 15 000 ha of ~~ganie soi1s are under vegetable'produetion.~n 

Canada. These soils have unique chemical, physical and biological properties 

that make 'them ideally suited to, intensive crop produc'tion, Dut a't the same 

tfme these soils require specfalized managsment techniques. Fertili'zers are J 

used extensively, but fertili,zer reaetions are dependent on compl:ex chemical' 
1 

and biologieal reactions. ·Organic soils reqUi~ gen~rally les~ fertilize.r N 

( and P, but more K, Mg and micronutrijnts that mineraI soils. 

.. 

The P fertilizers generally used on organie soils are granulated ortho-

phosphàte. However, liquid ammonium po1yphosphates, mai~~y compose~ ?f 

ortho- and pyrophosphates, may be used advantageously on, thes'e soils, sinee 

polyphosphates ean complex many mieronutrients and can be app1ied uniformly 

either as solutions or as suspensions. Indeed, 1itt1e research has been 

carried out on the behavior of pyrophosphates in organic soi1s, as oppo~ed to 

the many studies conducted on mineraI soi1s. \ 

Jyrophosphates hydrolyze to orthophosphate, and this is influenced by 

enzymes A Enzyme àetivity in organic soils eould be complicated by absorption 

reactions and microbial activity. Yet plants prefer orthophosphàte to pyro-

phosphate as a P source. Thus reaetions of pyrophosphates in organic soils 

must be studied to elarify the effects pf hydroly~is rates on P uptake by 

plants. It is the objective of this wprk to study these reactions. 

The relevant literature will he reviewed a6d the hypotheses will be 

set up in Chapter 1. In Chapter II, pyrophosphate hydrolysis, pyrophosphatase 
1 
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, 
activ1ty and pyrophosphate retentlon w~11 he investigated in' 24 organic 

soi1 materials from Eastern Canada. In Chapter III, the influence of a 

pyrophosphatase inhibitar (Cu), widely used as a fertilizer, will he 

studied with regard ta mitigation of pyrophosphate hydroly~i~ in organic 

80ils. Finally, in Chapter IV, the rate of pyrophosphate hydrolysis will be 
, 

compared to the rate of P uptake by anions grown on humic 'and Limed mesic 

~aterials. The effect of Ca(OH)2 on pyrophosphatase activity snd'pyrophos

.phate F,etention will he investigated. 

These observations shouid al10w us to define rate factors involved in 

pyrophosphate hydrolysis 'and, thus, to yredict the efficiency of pyrophos-

phate f~rtilizers as a source of P for crops grown on organic soils. 

'1 
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CHAPTER l 

PYROPHOSPHATE REACTIONS 

IN ORGA}lIC SOILS 
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The use of liquid fértilizers has been inereasing in North America" 

!fin~e the early sixties. expansion W;3S 

the production of high-grade superphosphoric acid by 

Authority in' 1960. Superphosphoric acid i5 composed 0 ~rt~osPhate and 

orthopho5phor ic acid 

~ 

polyphosphates. The formation of polyphosphates fre , .., 
i8 a "polycondensàtion reaction'~Jung and Jurgens-Gschwind 1975): 

(- H20) ---------------+ 
(- 2 H20)' " . 

-~-------------+ 

Thus~ 

(-(n-l) H20) 
--------------~ 

H,l207 

H
S

P
3
0fo 
\ 

H{n1tp{nlO (3n+li 
{ 

\, 

. Pyropho'sphoric acid, 

Triphosphoric acid 

Polyphosphoric acids 

The most ~dely used polyphosphate fertilizer if! ammonium pelyphos-

phate. Normally, it has an analysis of 10-34-0 and contains 55% of its r--' 
phosphate in the fOrIn of orthophosphate, ~~% in the pyrophosphate- form, 

and the rest in more condensed P forms. Àny difference in effic1ency bet~ 

ween ammonium polyphosphate and orthophosphate fertilizers has been attri-

buted generally'to the non-orthophosphate fraction of ammonium polyphosphate 

(Sutton and Larsen 1964). 

Availability of pyrophosphates to plants ----------------------------------------

Pyrophosphate has been used as a mode! compound to study the availabi

tity of more complex polyphosphates to plants. 

A classi c paper was published by Sutton and Larsen in 1964./ They 

showed that the avai1abili ty, of pyrophosphate ta plantS Has re1ated to the 

.< 
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rate" of hydrolysls of pyrophosphate to orthophosphate. Phosphorus uptake 
e 

br ryegrassl )' from, elther p};rophosphate or orthophosphate was found equiva

lent in a soil pos~~SSing a high biological activity; in contrast, a soil 

having a low bio10gieal activity wàs not as effective in supp1ying P to 

ryegrass ferti1ized with pyrophosphate 
, . 

as compared to orthophogphate. 'In 

a water culture experiment, Sutton and 
, 2) 

Larsen (1964) tested bar1ey seedlings 

rece1ving similar\ amounts 0; P as pyrophosphate or orthophosphate,,~,,'The 
rate of P uptake was 2,4 times less from pyrophosphate over a 3,5 hour 

'period.' The possiQility of pyrophosphate hydrolysis was excluded. Suttbn 

... 
and Larsen (1964) attributed the difference to the valencies,~ of the compo-

nent ions, sinee P uptak~ from pyrophosphate at pH 5,0 was similar to 

P uptake from orthophosphate at pH 9,0. In both cases the eomponent ions· 
...... t'fi. 

were largely div~nto 

, 

Gi1liam (1970) confirmed that pyrophosphate ipns cou1d be absorbed by 

plant roots, and'showe~ that pyrophosphate and orthophosph~tè were equa11y 

effective in supp1ying P to P-deficient wheat
3), corn4) and barley seedlings. 

Gilliam (1970) explained his results by an inCrease of phosphatase activity 

in seed1ings.,. that were grolVIl previously in a P-defieient medium. 

. 
From field experiments held at 95 sites in Great Britain, Sutton et aZ. 

" (1966)~eonc1uded that the effect of pyrophosphate on yield of a particular 

crop eould be related to a series of interaction~ between the rate of hydro-

lysis in soil, the time of maximum P requirement by crops and the P status 
o 

"in soi1. Low temperature was the main cause of widespread reduetion in 

hydrolysis rates, sinee redueed P uptake from pyrophosphate.was associated 

1) Latium sp. 2) Hordeum vuZgare L. 3) Triticum aestivum L. 4) Zea maya L. 
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with 1~ sail temperatures (7-12 degrees) regardless of biologieal aetivity~ . 
Correspondingly, Engelstadt and Allen (1971) found that pyrophosphate was . 

, . 
less effective than orthaphosphate as a source of P for corn grown in"a cool ~ 

o 
sail (16 C), ~hereas bath sources were equally effective in a warm 

o 
80i1 (24 C). The relationsbip between the P status of a sail and the 

availability of polyphosphates was studied by Rhue et aZ. (1981). ~hey 

showed that under conditions of 10w P avai1abi1ity in soi1, the yie1d of ... 

(. 

" n 
tubers was '1ower in the case of potatoes fertilized .with ammonium po~yphas-

.~. phatè as compared ta those fertilized with dianunonium phosphate. 'At higher 

.. 
"jo' 

( 

c. 

,. 

levels of avaiiable P, differences in tuber yield were negligeble , although 

differences in tissue P content were still measurab1e (Rhue et al. 1981) • 

. Apparently, no attention was given to the ti~e-depeôdency of the P requirement 

'.of the crop compared with the rate of pyrophosphate hydrolysis in sail. 

·The resu1~$ of many field and greenhouse experiments have indicated 

that polyphosphate fertilizers containing a high proportion of orthopho~phate 

were comparable to orthophosphate fertilizers soluble in water and citrate 

(Dobson et ai. 1970; Jung and Jurgens-Gschwind 1975). 

'Solubility in ~ater of ammonium polyphosphate even in presence of 

Al-Fe impurities was attributed to the ability of po1yphosphates to sequester 

Al-Fe in solution (Slack et al. 1965). Bremner et aZ. (1946) were the first 

ta show evidence that pyrophosphate, the MOst efficient of the polyphos-

phate series, cou1d forro coordination complexes with polyvalent ions. 
1 

1) SoZanum tuberosum L. 
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The influence of polyphosphate additions to a soi1 sys~em on the solu-

bi1~zation of micronutrients was ~tudied by,Giordano et at. (1971). They 

found that the zinc 1evel in the soil solution of a Harste1ls fsl was inf1uen-

ced' more by p~ and liming than by the sour.ce and the rates (0;200;2000 

mg.kg-1) of appl1ed P. Th& level of zinc was increased by triammonium pyro

phosphate during the first day of appiication only, sinee rapid hydro1ysls 
. . 

precluded any further sequestration.', MÇ)rtvedt and Osborne 

(1977) conflrmed that solubilization of soil micronutrients by.polyphospha-

tes did"nct appear to play an important role in plant nqtrition. They attri
{) 

buted some reported superiority in yield of crops fertilized with polyphos-

• • r f 
phates over those fertilized with ort~dphosphaté to micronutrient contami-

nants in polyphosphates. Ashar and Bar-Josef (1982) found that the a~ility . 
of pyrophosphate to sequester zinc in.a,monrmorillonite solution was lowat 

a pH 0' less than 6,0 and that even at a higher pH, a P concentration o~ 

-1 .2000 mg.kg was too low to be effective. ·Hence, they concluded that the 

sQorr-term increase of zinc concentration in soils treate4 w~th pyrophosphate 
" 

was caused by organic matter solubilization. 

fi ' 

Seven factors were reportea by Van Wazer (1958) to influence pyrophos-

prate hydrolysis: temperature, pH, enzymes, col1oidal ge~s, çomple~ing 

cations, 'concentration and ionic environment. The effect of tempe rature .... 
predominates in soils'\Sutton et al. 1966). 

III 

According to Van Wazer (1958), it would take 200 hours apd one month, 
~ 
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respectiye1y, to hydrolyse 5% of a 1% soiution of pyrophosphate adjusted to 

pH 4,0 and 7,0. At neutra1 pH and room temperature, the hdf-life o,f 

pyrophosphate ls a matter of·years. ~an Wazer (19S8) also indicated that 

colloidal gels su'ch as hydrat~d 'oxides of iron and ~luminium could accele-' 

~ate the hydrolysis of po1yphosphates. However, Hashimoto et al. (1969) 
", 

rejected the hypothesis that col10idal gels such as clays., gibbsite and 

goethite could contribute effectively toward pyrophosphate hydrolysis in 
.. ~ ~I 

soil. 

When pyrophosphate is reacted with soils, ~etention-rele~se mechanisms 
• 

coula affect considerably pyrophosphate con~entiations. Results obtained 

so far indicate tha~ mi~eral soi1s retain more PyJoPhosPhate than orthophos-. . 
phate (Sutton and Larsen 1964; Gunary 1966;, Hashimoto et al. 1969).. Philen 

~ 

and Lehr (1967) showed that calcium and magneslum carbonates reacted readi1y-
" 

with pyrophosphate at .room temperature·,. and that clay mineraIs. and hyarous 

oxides of Fe-Al reacted slow1y in a matter of weeks and months., Many 

reaction+products·of pyrophosphate with soil consti~uents have been iden

tiffed (Phi1~n and Lehr.l'967; Subbarao and 'Ellis 1975;"Yadav and Gos"ha1 • . 
. \ 

1,981; El Zahaby and Chien 1982). The.retfWtion-reiease mechattisms were n 

~ ~ 

thought to be responsib1e for the 10-~5% of added pyrophosphate remaining 

resistent to nydrolysis after ft long, period of incubation in soils (Gilliam .. 
and ~~mple 1968; Rossner and Me1ton 1970; Racz and' Savant 1972; Juo and ,... 
"Maduakor 1973). 

" 

Huffman and Fleming (1960) observed that the addition of a Hartse11s 

• soi1 to a one liter solution contai~ng one gram of po1yphosphates reduced . . 
.. .... ., " -9-
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th~ h41f-llfe of hydrolysis from 1059 to 83 hours. The half-life of pyro-

phosphate in soils va~ies from 0,6 to 100 days (~utton and Larsen 1964; 

, Blanchar pnd'Hossn~r'1969; Rossner and Phillips 1971). Sutton and La~sen 

(1964) cou1d explain 787. of, the."ariation in ha.)lf-Ufe valueRwit~.C02' 
•• 

evolution and soil pH. 

, 
Gil1iam and Sample (1968) studied the course of pyrophosphate hydr01y-

" 
sis in three soils containing 0,10 to 0,35% of organic carbon and having a 

common pH of 4;8. By comparing the amount of pyrophosphate hydrolyzed in 

'natura1 and autoclaved so11s after 129 days of incubation, the y ca1cu1ated ,.' 

that chemica1 factors contributed 25 and)50% toward pyrophosphate hydro1ysis 

in Norfolk and Piedmont soi1s, respectively. Since the. reaetion was 

fi1'l:ft-ord~r and not zero-ord~r, ,the contributicn of, -chemical and biological 

factors were not appraised concurrent1y. In a situation where the' 
o 
substrate.concentration i8 no longer rate-1imiting, it can be shown from 

Gilliam and S'a~p1e's data that, for the firs't ~x days of incubation, the 

contribution of cltemicàl factors fell to 27. and 17% in Norfolk and Piedmont 

soi1s, respectively. Even then, soil sterilization may have been incomplete . ' 1-"" .<? 1 

(Dick and Tab~tabai 1978). 'In any revent, biolegica1 hydrolysis was still 

. 1arge1y dominant in soi1s with a low organic matter content. 
", 

. 
Undèr field conditi6ns,'pr~vided that microc1imate and cultural methods 

vere similar, Sutton et aZ. (1966) found a positive '~orre1ation between 

pyrophospnatë efficiency and soil phosphatase activity 

. . 
~d pH. Phosphatase actfvity was assumed by Sutton et aZ. (1966) to be , 

: 
'"linked in sorne manner to pyrophosphatase activity. The activation energy 
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of py4~phosPhate hydro1ysis was found to vary from 32' 'to 43 kJ .mo1 (Dick 

~. l' 
a~d Tabatabai 1978) ,as 'compared with 85-170 kJ.mo1- f~r pyrop~osphate 

, 
hydro1ysis in sdiution (Van Wazer 1958), thus supporting theohypothesis that , 

the reaet~on was enzyme-catalyzed (Racz and Savant 1972). 

Eiy4zi and Tabatabai (1977) reported that the term 'phosphatase' had 
'", . 

'~een used cun;ently in the lit~rat~re ta name 8 broad '!};roup of ab,iontie 

enzym~s that catalyse hydro1ysis of ~sters and anhydrides of phosphoric 

acid. In mineraI soils, buffex:, pH opt;J.ma were found af 5,8 in a citrate 

buffer (Douglas et al. 1977) and at pH 8,0 in a modified universal buffer' 

(Dick and Tabatabai 1978). However J' if the sail is described as a ...syste1'1l . 

._ of hwnus and clay innnobilized enzymes (McLaren 1975), the optimum pH for 

enzyme ac~ivity at the colloid surface may be 1 to 2 un~ less than the 
, . 

suspension pH (MéLaren and Packer 1970). Thus, aeid to neutral pyrophos~ 

.phatase systems are probably ac~ve in mineraI soi1s./ 

i1 
Aye Paw and Hughes (1974) found a peak in pyrophosphatase act~vity of 

sail microorganisms at pH 8,5. Howe~er. the optimal pH could vary tram . 
5,9'to 8,6 depending on the activating cation (Searle and Hughes 61977). 

\ 

o * +t- +t +t -H-Mg ,Zn ,Co ,Mn and Fe aetivated the constitutive pyrophosphatase 

+t +t -H+ +H-of sail mieroorg~nisms, whereas Ca , Cu ,Al and Fe depressed it 
1 

(Searle and Hughes 1977). Mieroorganisms could also perform pyrophosphate 

hydrolysis with an inductive alkaline phosphatase which was 25-fo1d 1ess 

efficient than the highly specifie alkaline pyrophosphatase (Josse 1966). 

An aeid pyrophosphatase was reported in plant cells to have an optimal pH 

-H-of 5,0-5,3 and to be inhibited by Hg (Rauser 1971; Kar and Mishra 1974). 
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" Pyrophosphatase activity has been shown to be inf1uenced hy liming 

- -
(Bossner and Me1ton 1971), orthophosphate additions (Savant and Racz 1972), 

1 

[Mgl/[Ca'+ Mg] ratio· (Tahatabai and Dick 1979), forma1dehyde, fluoride, 

oxalate, carbonate and sterilization (Dick and Tabatabai 1978). To1uene, .~"' . . 
+ + K , NH

4 
' C1-, N03, N02-, S04-- and EDTA had no effect on pyrophosphatase 

act~vity (Dick and Tabatabai 1978). 

Thus, soil manage~ept, particular1y ~iming and 'micronutrient app1i
e 

cations, could affect pyropbosph~ase·activity. 

Pyrophosphate hydro1ysis in mineraI soi1s could be modeI1ed as a 

function of pyrophosphatase activity and pyrophosphate retention and release 

(Racz and Savant 1972). Since the pyrophosphate uptake by plants wou1d be 
-

, slower than that of orthophosphate (Sutton and Larsen 1964)., pyrophosphate 

hydrolysis in soi1 could be considered "as an .,availabili ty index of pyrophos

phate. Th~ fol10wing model gives a simplified pathway of pyrophosphate 
~ -

availabi1ity to plants: 

retention si.tes 

so\uble pyrophosphate 1 ~ ____ ) ______ -+ ~ 2, soluble 

~-4 ~. \ 
""4' orgànisms 

orthophosphate 

Reaction 3 is the most~~mportant reaction of the operating system, since 

reaction 4 has been shown to be 1ess efficient than reaction 5 (Sutton-and 

Larsen 1964). Since organic soi1s fix orthophosphate,to a very smali 
) 

extent (Fox and Kamprath 1971), reaction 2 wou~d he of 1itt1e significance 
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in the model. Reaction 1, as weIl as reaction 3, are unknown for organic 

80i1s. Since pyrophosphate reacts primarily with mineraI matter (Philen 

and Lehr 1967), pyrophosphate retention wou1d be related to ash content of 

organic solI materials. Since phosphatase activity ia high in organic soi1s 

(Kavanagh and Her1ihy 1975), pyrophosphate hydrolysis ls probably rapid'fn 

organic soUs. 

" .. 
Retention sites in soils can compete with active sites on enzymes for .~ " 

, 0 

avai1able pyrophosphate. Reactions 1 and 3 could be analyzed as independertt 

variables and ha1f-life values of pyrophosphate as the dependent variable 

• in a regresaion model. Reaction l wou1d provide a measure of the retention-

re1ease mechanism under the condition that pyrophosphate concentration in 

solution remaina r.e1ative1y constant. Pyrophosphatase activity could be 

"assayed kinetically under conditions yet to be defined for organic 80ils. 

From the review of literature, it appears that pyrophosphate absorption 

by plants can fol10w two routes: ~eactions 1-4 or reactions 1-3-5. If the 

_most rapid pathway·is 1-3-5, any additive that can decrease the rates of 

reactions 1 and 3 should decrease the rate of pyrophosphate absorption by '" 

" plants. The 1-3-5 pathway can be ana1yzed in two steps: react10ns 1 and 3, 

as described previous1y, and reactions 1-3-5. A comparison between pyrophos-

phate and o~thophosphate in a fertilizer trial wou1d integrate reactions l, 

3 and 5. 
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Pyrophosphate 1S' hydro1yzed rapldly to orthophosphate in organic soils 

as a resu1t of high pyrophosphatase activity and low 'pyrophosphate retention-, 

,and thus pyrophosphate shou1d be as ef.fective as orthophosphate in supplying 

P to plants. 

1-' Pyrophosphatase activity in org,anic so11s is related prtmari1y ta.a 

system ~f nonspecific ac~d phosphatas es and to soi1 pH and past management. 

2 ... ,Pyrophosphate retention in organic soi1s is related to ash content. 

3- Half-life values of pyrophosphate in,organic so11s are re1ated to 

pyrop~osphatase activity and pyrophosphate retention • 

4- Since Cu can inhibit pyrophosphatase activity in'organic soi1s, 

the rate of pyrophosphate hydrolysls is slower with higher.~u contents. 

5- S1nce liming materials can decrease pyrophosphatase actlvity and 
1/(4)~~~ ... \ "---,.'-,- - ....... , 

1ncrease pyrophosphate retention, heayy 1im1ng of ac1d organic soi1s can 

decrease the rate of pyrophosphate hydrolys1s. 

.. 

"" ' 6- Pyrophosphate hydrolysis is rap1d in organic soi1s? as compared with 
• 

the rate of P uptake dur1ng on ion growth. 

7- Pyrophosphate and' orthophosphate are equivalent sources of P for. 

onions. 

These hypotheses have been tested and are discussed in subsequent 

chapters • 
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1 CONNECTING PARAGRAPH 
. , 

In Chapter t', a general model of pyrophosphate availability to plants 

was introduced. This model includes three major reactions: enzymatic hydro-

1yais of pyrophosphate, physico-éhemical rete~tion of phosphates and plant 

absorption of P. In Chapter II, hypotheses about pyrophosphatase activity 

and pyrophosphate retention in organic soils are tested. It was hypothesized 

that most of the variation in~half-life valueS of pyrophosphate in 24 organiè 

90il materials could be accounted for by erizymatic activity and physico-chemical 

retention. Furthermore, enzymatic activity is analyzed as to substrate speci-

ficity, and retention fs related ta ash content in fibric, mesic and humic 

materials.' The influence of crops, either as a sink for P or as a factor 

promoting pyrophosphate hydrolysis, has heen excludéd. 

\, 

... 

( . ", 
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CHAPTER II 
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PYROPHOSPHATE HYDROLYS1S 

• j 

IN ORGANIC SOILS 
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Pyrophosphatase and phosphatase activities were assayed with I g of 

organic soil material and 750 pool of eit~sodium pyrophosphate or phenyl 

. -disodium phosphate dis~olved in 20 mL of 0,2 M tris-ci tric acid buffer at 

~6,4 and incu~ated at 37°C' for 2 h. Activation energy of pyrophosphate 

-1 . -1 
hydro1ysis was 22 kJ.mol for virgin fibric materia1sand 33 kJ.mol 

for cu1tivated humic materia1s. Enzymes promoting pyrophosphatase activity 

were e~s1er to extract from fibric than from humic materials. Twenty-four 

ftbric, mesic and hUlUic materials were selected for studying enzyme activi-

ties and pyrophosphate retention and h~drolysis. Phosphatase and pyrophos-. . -
** phata~e activities were high1y corre1ated Cr = 0,947 ) and were appar~ntly 

promoted by nonspecific acid phosphatases. Enzymatic activities varied 

from ll,6'to 148,1 mmol.kg-1 (2bJ1 , and were higher in virgin than in cu1ti-

vatad materials. 
, -1 

Half-life values and retention levels of 8,1 mmol.kg of 

pyrophosphate in organic sail materials were determined at room temperature. 

Sail retention increased with an increase in as~ content (r=O,876**), and was 

apparently weak, as noted by comple,te pyrophosphate hyd,r0lysis after 4 to 8 days 

of incubation. Half-life values varied from 0, l to 3,7 day-s, and were highly 

.correlated with enzymatic activities and levels of water-solub,le pyrophos-

phate. Half-life values less thaD 0,5 days corresponded to enzymatic acti

vities excéeding 45-50 mmol.kg-1 (2h)1 and ta more than 7,2 ~mol of water-
• 11 

soluble pyrophosphate. A regression model, involving an intera~tion between 

pyrophosphatase activity and.level of water-soluble pyrophosphate, accounted 

for 77% of the variation in log (half-life) valueso The interaction could 

be interpreted as a decrease in hydrolysis rate with reduced levels of 

water-soluble substrate. 
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RESUME 'r 

.. 
Les aotiyités phospqatasiques ~t pyrophosphatasiqu~s ont, été mesurées 

en sol organiqùe en utilisant 1 g de sol et 750 ~mol de substrat sous forme 

. '" de p~rophosphate' de sodium ou de phényl disodium phosphate dans 20 mL d'une 

solution-tampon 0,2 M composée de Tris et d'acide citrique à, pH 6,4. L'in~: 
, . -

cubation dura 2 h à 370 0. L'énergie d'activation de l'hydrolyse du pyroph~s

phate s'éleva à 22 kJ.mol-l chez des matériaux fibriq~es vierges et à 33 kJ. 
"a 

mol-l chez des matériaux humiques cultivés. Des enzymes ~atalysant l'hydro-

lyse du pyrophosphate furent extraits de matériaux fibriques avec plus de 
-, 

facilité que de matériaux humiques. Ving~-qJatrë matériaux fibriques,· 

mésiques et humiques' furent étudiés pour leurs adtivités enzymatiques, la' 

rétention et la rémanence du pyrophosphateo Une corrélation hautement 
" 

significative fut é'tablie entre les activités phosphatasiques et pyrophos-

phatasiques, lesquelles furent associées à des phosphatases acides non 

spécifiques. Les activités enzymatiques se situaient entre Il,6 et 148,1 

-1 -1 mmol.kg .(2h), les plus hautes valeurs correspondant à des matériaux 

vierges. La rétention et la rémanence du pyrophosphate dans les matériaux 

, -1 .. 
organiqu~s furent déterminées avec 8,1 mmol.kg a"la température de la 

** . La rétention était liée au contenu en cendres (r = 0,876 ), mais pièce. 
c " 

demeurait apparemment faible puisqu'il y eu hydrolyse complète du pyrophos-
1! 
phate en dedans de 4 à 8 jourso La demi-vie du pyrophosphate variait de 

0,1 à 3,7 jours et montrait des relations hautement significatives avec l'es 

activités enzymatiques et les niveaux de pyrophosphate hydrosoluble. Les 

demi-vies inférieures à 0,5 jour correspondaient à des activités supérieures 

l 45-50 mmolokg-1 .( 2hyl et à plus de 7,2 mmol.kg-1 de pyrophosphate hydro-

soluble. Un modèle de régression, impliquant une interaction entre 
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Itactivit~ pyrophosphatasique ét 1~ niveau,çe,yyropho~phate hydrosoluble,:, 

expltgua 77% de 'la variation dans les valeyrs de demi-vies'transformées 
.. ~.i. 

en logarithmes. Gette interaction est attribuable' à une bais'se de ~ubstrat 

hydrosoluble produisant u~ralentissement du tau~ ft·h~drolyse. 

" " 

• lNTRODUCTmN 
" 

Availability of pyrophosphate: fer.tilizers to plants is incre~sed by 

~ydrolysis of .pfrophosphate,intD orthophosphate (Sutton and Larsen 1964). 

The rate 'of pyrophosphate hydroly~is in solution is" iIlf!uencecl by, temp~ra-
, ~ ~ 

ture, pH, éh2l~es, colloidal ie1s, complëxin,g 'catiotls, 'C:oncentration and" 

ionic environment (Van Wazer 1958): The effects of temperature, enzymes 

and pyrophosphate concel).ttation predomipa1!e, :t.a soi:1s. ·(Sutton et aZ; i966;. 

' . 
Hashimoto et aZ. 1969; Chang and Racz 1977) • 

• ~ , 

. " 

'. 

.. 
! " ' . 

• 
'.' 

.. ~ 1" ~ .. 
;;. . -1 

~ctivation ~nergy values of 32,5 to 43,2kJ.mol (lOoe < T < SOoe) 

for pyrophosphate hydrolysis'in mineraI soils agreed with the range of values 
~~ 

reported for potato and yeast pyrophosphaf!ases.. (Dick and Tabatabai. -1978). 

However, the enzymatically cata1yzed pyrophosphate hy~ro1ysis may not be 
J 

enzyme-sp'eci fic. The genera1 name "phosphatases" has been given to a group, . . 
of wide1y distributed enz~es,that cata1yze the hydrolysis of both ~sters 

• 
and anhydrides of phosphoric acid (Eivazi and Tabatabai 1977). In fact, 

. 
a si~ificant correlation between phosphatase actlvities and ha1f-life values 

"f 
'of pyrophosphate in soi1s hàs been observed (Sutton et aZ. 1966), suggesting 

that phosphatase and pyrophosphatase.activities in soil are correlated. 
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A nwnber of, procedul:es with different buffer compositions have' . -. '. - -,' \ 
"been prop~sed to alisay phQsphatasê and pyrophos~hatase .activit:f.es in soil 

• • • ~.. • ... Q... <1 ' 

• •• ., ! ' .~ 

(Kramer and Yerdei 1959; Halstead i964; Hoffniann 1965; Tabé\tabai artd Bremner :-. . ... 

1969; Douglas et qZ. 1~7.~; ,Dick. and Tabatabai 1978)" Optimum pH values 
.' d • , • • ... .. • _;._,. 

ranged from 3 to'S. Tris (~ris-hydroxymeth~-aminomethanej and citrafe 
f 

are generally acc~.t;;cf as' ~uffe~ componentp ~a all6'w ari ';xplo:t:ation of a 
•• ,'" • te 

''Wid~' r~111ge of ;pH values, bet!ween ,3' and 9 •. Tris., a" phos~hate acce.ptor, .. 
accelerates the rate of mOI1oe.stev"phosphate enzymatic hydro~ysis as the con-

... ' , 

c~ntr~t,ion 15 raised .from O,~2'M to ..D,5 M (Neumann 1969) o. Citn1te'effecti-~1 ... 
vely chelates calcium (No~ell i972)"whicH has bee~'shown, to inhibit pyro-. ' . 

• > phosph'atase aètivity 'Aye Paw an~ Hughes i974)." 1:hu,s, a Tris-citric acid 

'. a ,\ 

, ' 

l1l(I,," 

• 

.... 

" 

. . 

" • • t\ 

buffer would accelerate the.hydrolysi~ ~ate of pyrophosphate and pheny1, 
.. • •• oa 

, • fi • .~. •• ~ 1 .. ~ 

__ phosp~ate in soils and increas~ the prec:Lsion on measu1î~ng 'low activi ty· 
• J.

r 
...... :. 

level~ aft~r'a short peri~d of tim~.-

. . ~ 
Soil enzymes ar:e though~. to 'Re 1l!ainly fixed o.n numus. sl!"d c~~' particlès . , . 

". fi • "'" 

(McLaren 1910).... According to McLaren- and packer C1FO), as the ionie 
- .. .. .~ ' .. .ç • - • 

strength of ~n asssy solution i8 increas~, the' z~~a ponential of 

colloidal particles ~s redu,ced and the' ~ifference 'é~' oPt:im~ pH ~etw~~u 
.' 

free :and adsorbe:d ~ru?:ymes is redu<:e~ •. ",Sorne en:yme desorpti'on' may even occur 

at buffer concentrations exceeding -0,1 ~.f (Martin-Smith 1963). Thüs both 
• III •• 

o 
..., ..,' • 8; " 

buff~r composition and concentration aie lik~ly,t~ intluence thé optimum 
" 

pH value for soil'enzyme activities. .' 
,. - ''; . 

• Msays of pyropposphatase activity in soils should provide an index 
'0 

Howe~elr, . a hydrolysis index 

, . " '. " 
, 1 

" 

" 
\ 



.. o 

• alOUè was fOllnd ,nsufficient to explaitt pyrophosphate behaVior in soils, 

s;tnce complex retention-release mechanis!Us could control pyrophosphate con-
" ~ 

cent ration in ,solution. Racz and Savant (1972) s,howed th~t pyrophosphate 
." 

hyd~olysis was more rapid in solution .than in adsorbed st~te·. Therefore, 
!.-

,,1 Y 

a description of' pyrophosI1hate hydrolysis in soUs shoulà inc1ude an enzyme 

activity index and ~ pyr10sPhate ret~\~tion index. 

] 
llyrophospha~e hydrolysis i9 probably rapid in Qrsanic soUs, since 

pyrophosphatase ",i3.ctivity is correlated W1th organic C content in soil 1 , 
(Tabatabai and Dick 1979.) and sinee pyrophof!phate reacts mainly with soi1 

t 

minerais (Philen and LeHr 1967; Subbarao and Ellis 1.975). Withi~ the hr~anic 

... c soi1 group, however, organic materials vary widely in origin, degree of decom-

position, pH, ~olloidal properties and ash content. Those c::.haracteristics 
" . 

~y ~ffect pyrophosphate hydrolysis. 

'" 

The aims of the present study wére: (1) to deve10p a methodology using 

Tris and citrate buffers for assaying pyrophosphatase and phosphatase aC'ti-
.. ~ 

vities in org~nic sail materia1s under similar conditions, and (2) to 
~ ~ ",.--- '1/ $' 

describe pyrophosphate behavior in organic s6i1s by pyrophosphatase activity 

, , 
. and, amount: o,f non-,retained pyrophosphate in 24 materials from Eastern Canadsf'. " 

.,. 
\ selected according ta degr.ee Qf decomposition, pH and. a~h content. 
" 

o. .: () '!~ 

MATERIALS AND METHODS 

Soils 
.f '. 

--
. , , 

Twenty-four organic sail materials (Table 1) were. sele~ted from 36 ~t~_· 
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rials' (0-20 cm) co11ected in Eastern canada. These mate rials conta1ned less 

than 20% aah. Soil materials were analyzed for c/N ratios, pyrophosphate, 

indices (PPI) and cation exchange capacities (CEe) by standard procedures 

"(Day et aZ. 1979) in arder to characterize t'heir. decomposition state 

,(Levesque and Dine1 1982). Samp1e distributions of the three varia tes 
" 

> 

(C/N, PPI, CEe) were normalized using log-transforniations •. A cluster ana-' 

1yais was performed with the three variates according to the method,of 

Jeffers (1978), in order 'ta cl~SSify soi1s as to their state of decomposi-
, . 

tion. From this analysis, a final soil selection comprised eight fibric, 

,- ei'ght mesic a:qd eight humic organic sail tnaterials (Table 1). The fibric 
r 

mate rials were .mainly derived from moss. The mesic and humic materia1s were 

dominantly'herbaceous-woody~ Prior ta hydrolysis studies, aIl air-drieà 

and'"2 nnn-sieved materials were remoistened to a -10 kPa matric potential 

and i~cubated in plastic baga for at least two weeks. 

Half-life values, as measures of the hydrolysis rate. of pyrophosphate 
1 r:; ", 

soir adjusted to a -l'O' kPa 

The incubation period depended"on the hydrolysis rate and ranged from 
~ 

,6 "h to 8 dayà. The course of pyrophôsphate hydrolysis was ·fol1owed -in 24 

ox:.ganic soi1 materials by extracting orthophosphate with 20'mL of 0,658 N 

825°4' which resulte~ ~n a 0,5 N H2S04 solution du ring extraction (Racz and ~ 

~vant 1972). The extraction proceeded for 15 minutes on a reciprocal shaker 
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at 200 rpmo Afeer filtration, o.rthophosphate in sol]Jtion was determined 

~olorimetrically (Technicon 1977) with the the~bst~tic bath of the phos-

l 

phate module disconnected to avoid pyrophosphate hydrolysis. A control sam

pIe was extracted for native P. Means of duplicates were fit..tdJ mathemati-
('0 

cal models by simple linear regression~ , The 1!lodels selected were hyperboli.c 

of the form Y = Ax/ (b + X) "and logar! thmic of the form Y = f (log X). Hyper

bolic models were linearlzed either ta l!Y = (l!A) + (b/A) (l/x) or to 

XIY '" (b 1 A) + (XI A), where -
the value of X at Y = A/2. 

A ~as the taximum ~va~ X -+ 00, an~ biwas 

The linearization showing the highest corre la-

tion coefficient was selected~ 

. Thé asssy mixture was buffered with a O~ 2 M Tris solution adjusted tO the 

desired pH with a 0,2 M citric acid ,solution. We found, in preliminary 

experiments at buffer pH ol 8 (Dick and Tabatabai 1978), that 750 mmol.kg-l of 

'substrate produced zero-order, concentration-independent, reactions in assay 

mixtures containing fibr~c or humic materials. Toluene was not added as a 

bacteriostatic agent since it has produced no effect on phosphatase and pyro-. 
l 

phosphatase activities in short-term experill,lents .... tSpeir and Ross 1978; Pick, 
"-

and Tabatabai 1978). 

o 

The'duplicated assay mixtures comprised 1 g of sail, 5 mL of distilled 
~ 

~ wate't', 5 mL of '150- mmol.L-1 substrate solution and -10 mL of 0,4 M Tris-citric . 

" 

acid buffer solution~ The substrates used were sodium pyrophosphate (SPP) 

and phenyl disqdium phosphate (PDP) from Fisher Scientific. After a 2 h 

incubation at'37°C in 75 mL test-tubes, the pH of suspensions was measured 
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with a -Cl{ 24036 combined e,~ectrode. Twenty mL of lN H2S04 was added to 

4' ' " 
extract orthophosphate. A 15 minute extraction a,t 200 rpm on a reciprocal 

shaker was found to be 98-100% efficient. The susp~nsion was filtered 

through Whatman #42 paper. Orthophosphate in filtrates was analysed colo-

rimetrical1y (Technicon 1977). A control was performed by using this 

technique but adding the SUDstrate solution at the end of the incubation 

periode 

Pyrophosphatase activity within 85% of I118.ximum,,value was obtained at a 

Tris content in the buffer of 66-78% with fibrlc materials, 73-78% with 

mesic materia~~ and 73% with humic materials. The corresponding valfts for 

phosphatase activity were 66%, 66-78% and 78-86%. Thus, a medium value of 

73% Tris content was selected to as~ pyrophosphatase and phosphRtase 

activlties. liithin a 95% confidence interval, the average solution pH of 

24 assay mixtures was 6,5 ± 0,6 in presence of SPP and 6,0 + 0,9 in presence 

of PDP. 

f The reaction rate of SPP and PDP at optilllUm pH was determined in dupli
!l. 

cates, as described ~bove after 1, 2, 3 and 4 h of incubation. The results 

were statistic~lly analyzed by an orthogonal polynomial procedure. 

Enzyme solutions were prepared in quadruplicate by incubating l g 

of h~c or fibric materials with 40 mL of buffer at optimum pH for 1 or 2 h 

at 37oC. The suspension was filtered through Whatman #42 p~per. Ten ml 
-1 " 

a1iquots of filtrates were assayed with 5 ml of 150 mmol.L SPP solution 

and 5 ml of 0,4 M buffer solution at optimum pH. Control samples were 
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performed as aboveo Sterile water was added as a treatment to account for 

chernical hydrolysis of SPP du ring the incubation periode Soi~ samp1es were 

also assayed as described earlier, to estimate the contribution of extracted 

enzymes to SPP hydiolysis by soil materials. . .. 

The activation energy oJ the hydrolysis reaction in the assay mïxtures 

at optimum pH was estimated by assaying pyrophosphatase activity at 12, 24, 

36 and 4SoC. The rate factors at each temperature were the~ fit ta the 

linearized Arrhenius equation (Williams et aZ. 19~8) by meana 01 a simple 

linear regression procedure: 
'. 

ln k =~(constant) - (EaR-1T-1) 

whe~ T was the absolute temperature, R, the gas constant [8,314 J.(mol-K)-l] 

and Ea, the activati~n energy • 

In order to,measure pyrophosphate retention independently from pyro-

phosphate hydrolysis, one gram of arganic sail material adjusted ta 500% 

H
2
0 in 75 mL test tubes was autaclaved in duplicates for one hour at 

, -1 
Then one mL of a ~,l mmole.L sterile P solution ~s sodium pyro-

ptiosphate adjusted ta soil pH was a~ded to the autoclaved materials. 

A control was performed with one mL of1distilled water ta account for native 

P. A 4 h incubation period was found to be sufficient ta attain a relatively 

constant retention value with organic soil materfals. After completion of 

the incubation period, 34 ml of autoclaved distilled water was added to the 

mixture, which was then shaken for 30 minutes at 200 rpm on a reciprocal .. 
shaker. A five mL aliquot was pipetted in both treatment and control, and 
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hVdrolyzed for two hours at ltOOC on a hot plate with five mL of IN H2S04 
(Racz and Savant l~72)o Pyrophosphate remaining in solution was computed 

by difference in orthophosphate concentration between treatment and control 

(Technicon 1977). On the average, 2i! of pyrophosphat'e added was hydrolyzed ...... 
during the incubation periode 

r-
A completely randomized design was used for aIl expeciments. Simple 

linear correlation and regression techniq~es were apPtied to analyses invol-

ving two variables. The multiple regression equations were c~mputed by a 

stepwise,procedure. Cate-Nelson diagrams (Nelson and Anderson 1977) wer~ 

drawn to partition organic soil mate rials in two groups by minimizing or 

maximizing the number of points in diagonally opposite quadrants. 

RESULTS 

An amount of 750 ~mol in assay mixtures produced zero-order reactions, 

'provided that less than 16% of added SPP (Table 2) and less than 24% of added 

PDP (Table 3) were hydrolyzed. Only one fibric mate rial exceeded the 16% 

~ limit for the linearity of SPP hydrolysis over a 2 h incubation periode 

The buffer solution extracted pyrophosphatase from both humic 

and fibric materials (Table 4). 
'"' 

Most of the extraction occurred during the 

first hour of incubation. Pyrophosphate hydrolysis in sterile water waf 

low and not statistically different from zero. Pyrophosphatase activity in 

extracts from humic materials was different from zero at the 10% probability 
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level, and accounted for 12% of pyrophosphatase activity in the comparable 

soi1 material. Pyrophosphatase activity in extracts from fibric materia1s 

contributed to 32% of total aetivity, and was different from zero at the 

e,Ol leve1 of significa~e. Thus, enzymes having pyrophosphatase activity 

vere more easilyextracted from fibric than from humic materia1s. 

The effect of tempe rature on pyrophosphatase activity (Figure 1) indi-

cated that the hydro1ysis rate declined or levelled off cubical1y above 

o From 12 ta 36 C, QIO values varied"from 1,3 ta 1,8. 

o 0 Between 12 C and 36 C, the activation energy of the reaction was compu-

ted as 22,4 kJ.mo1-1 for fibrie materia1s and 32,8 kJ.mol-l for humie mate-

rials. There was à correlation of -0,99 between ln k and lIT, indieating 

correspondence with the Arrhenius equation. 

-1 Pyrophosphatase activity varied from 11,6 to 148,1 mmol.kg 

fibrie materials, from 12,2 ta 109,3 mmol.kg-l in mesie mate rials and from 

.17,6 to 35,6 in humic materials (Table 6). Pyrophosphatase aetivity was ... 
** -1 negatively eorrelated with soil pH (r = -0,577 ) and exceeded 40 runo1.kg • 

2h-1 in virgin materia1s associated with bog and swamp vegetation. 
J _ 

S 1 f 4 4 -1 2h-l imi arly, phosphatase activity varied rom 15,8 to 1 5, mmol.kg • 

in 24 organie sail materia·ls (Table 6) and was 'high1y correlated with pyro

** phosphatase activity (r = 0,947 ). Phosphatase activity was also highest 

~ ~ .-
(> 50 mmol.kg .2h ) in virgin materials, as eompared to materials derived . 

f~om cultivated and newly broken salIs. On the-average, phosphatase and 
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pyrophosphatase activities, were not different (t23

2 0,891). However, in 

virgin materials, phosphatase activity exceeded significantly pyrophosphatase 

-1 -1 * activity by a mean difference of 12,0 mmol.kg o2h (t 7 = 2,712). Part of 

that difference may be due to the fact that SPP hydrolysis rate was under-

estimated under nonzero-order conditions in material #2. In ~~sic and humic 

materials, phosphatase ~d pyrophosphatase activities were not significantly 

different, although pyrophosphatase activities tended to be generally higher 

than phosphatase· activities. 
) 

• 

The amount of water-soluble pyrophosphate was eXpressed in mmol of 

(Table 6). Water-soluble pyrophosphate levels and ash content were negati-

** . vely correlated Cr =-0,876 ) and, thus, pyrophosphate retention was directly 

correlated with ash content of organic soil materials. 

The hydrolysis of 8,1 ~mol of pyrophosphate by one g of soil materipl 

was compJ..eted afte:r 4 to 8 days of :lncubation at room temperature. The 

course of hydrolysis was fit either to a hyperbolic (22 sOils) or to a 

logarithmic curve (2 soils: #21 and #24). With 3 to 5 df, the r 2 - values 

..' 

were 0,90 tO,0,99 for the linearized hyperbolic models, and 0,83-Œ,96 for the -

logarithmic models. Correspondingly, aIl simple correlation coefficients 

were significant at the probability level of 57.. Half-life values, 

obtained by interpolation, were generally low, .rom 0,06 to 3,1~ days 

(Tabl~ 6). Log-transformed half-life values were highly correlated with 

** ** pyrophosphatase (r = -0,659 ) and phosphatase (r = -0,765 ) activities, 
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with amounts of water-soluble pyrophosphate (r 

** (r = 0,624 ). 

-"" 

** = -0,691 ) and with soil' pH 

Organic soils materials were partitioned id two groups with respect ta 
, 

half-life of pyrophosphate (Figure 2). Sail materials having half-life values 

-1 
under the 0,5 day limit had enzymatic activities in excess of 47-51 mmol.kg • 

-1 -1 2h and amounts of water-soluble pyrophosphate in excess of 7,2 mmol.kg 0 

Materials promoting rapid hydrolysis originated from virgin acidic soils of 

low ash content. 

, . 
Assuming that pyrophosphatas'e activities CE) and amounts of 'water

solùble pyrophosphate (S) interacted'in their apparently curvilinear rela-

tionship with log-transformed half-life values of pyrophosphate in organic 

soil materials CH), a multiple regression model was computed as the 

following: 

H = 0,259 

Thus, amounts of water-soluble pyrophosphate did influence the rate of 

pyrophosphate hydrolysis, as shawn by the regression equation. The inter-

action between pyrophosphatase activites and aIDou~ts of water-solubl~pyro

phosphate was described by factors ES 2 and E2S. The two factors, of opposite 

sign, would cancel one another at an E/S ratio of 29. Half-life values 

increased with an increase in E/S ratio, indicating that bath enzyme activity 
~ 

and substrate availability were rate-lim~ting. Predicted half-life values 

deviated more from observed values in humic mate rials , compared wi·th mesic 

and fibric rnaterials. Humic materials clustered about a hali-life value of 
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1,8 days. In mesic and fibric materials, predicted values varied from.1,1 , 

to 1,7 days, and from 0,1 to i,4 days, respectivelyo 

DISCUSSION 

Activation energy values of 22 to 33 kJ.mol~l for SPP hydrolysis in 

aasay mixtures were characteristic of an enzyme-cdta1yzed reaction. The 

value' of 33 kJ.mo1-l found for humic materia1s was in the range of values 

found for mineraI soils (Dick and Tabatabai 1978). Activation.energy values 

-1 of 39,8 and 41,6 kJ.mol have been obtained for yeast pyrophosphatase 

ÇI<unitz 1952), and bone phosphatase (Sizer 1943). Comparati vely, chemica1 

..:11 
hydrolysi.s of SPP wou1d require 85 to 170 kJomO"l (Van \Jazer 19~8). 

Enzymes are large1y immobi1ized in soi1s by inorgan~c and organic 

macromo1ecu1ar components (McLaren 1975) and, as such, resist considerab1y 

heat denaturation (Tulskaya 1982). Since pyrophosphatase activity was 

more easily extracted from fibric than humic"materia1s, and was less effi-

ciently protected against heat inhibition by fibric vs humic materials, 

the sail colloid-enzyme interactions would be weaker in fibric than in humic 

materials. The fact that humic materials showed activation energy ~alues 
. 

similar to those of mineraI soils would indicate the occurrence of enzymes 

systems tight1y bound to humus and/or clay co110ids. In contrast, fibric 

materials, which,derive their colloidal properties mainly from polyuronic 

acids (Moore and Bellamy 1974), wouldlimmobilize soi! enzymes on a non-

extractable form to a 1esser extent than humic materials. This "locus" 

eff~ and Packer 1970) was consistent with lower activation energy 

required in fibric compared with humic materials. 
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Enzyme systems capable of SPP and PDP hydrolysis in assay mixtures 

were more active at acid to neutral suspension pH. Since acidic col10ida1 

particles could have surfaces upto 100 times more acid than a suspending 

medium (McLaren and Packer 1970), even a neutral pH in assay mixtures would 

correspond to an acid pH at colloid' surface. Thus, acid phosphatase 

systems promoted SPP and PDP hydrolysis in organic soil material~. There 

i8 evidence Ilhat such enzyme systems are, as a whole, nonspec.ific. 

FirstlYt acid phosphatases can be active not only toward most mono-

phosphate esters, but also toward pyrophosphate (Newark and Wenger --1960; 

Ikawa et aZ. 1964). Corresponding1y, a gaod correlation shou1d be esta-

blished between SPP and PDP hydrolysis promoted bY,nonspecif~c aCid
l 

phosphatase systems. lndeed such â correlation was found to be highly 

significant. Secondly, if two phosphatase systems having affinities for 

sPP or PDP para11eled each other with a high degree of correlation, the 

hydrolysis of both SPP and PDP would follow a zero-order reaction model 

up to a high proportion of hydrolyzed substrate. On the contrary, zero-order 

reactions proceeded unti1 less than 16 to 24% of SPP or PDP hydro1ysis waS 

completed. Thus, organic soil phosphatase systems wou1d be mosrly nonspeçi-

fic. 

" \ Phosphatase and pyrophosphatase activities were higher in virgin than 

in cultivated materia1s. In virgin materials derived from Sphagnum moss, 

phosphatase activity has been found ta be high as a result of the symbiosis 

between Ericoid.plants and mycorrhiza1 fungi (Burgeff 1961). Land clearing 

during rec1amation could destroy part of the enzyme-ri ch topsoil. In 
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addition, activity of extrace11u1ar enzymes, among which are phosphatases 

(McLaren 1975), Is reduced in cu1tivated peats on account of ,more proteo1ytic 

activity than in virgin peats (Kavanagh and Her1ihy 1975) and of continuaI 

applications bf enzyme inhibitors such as lime (Halstead 1964; Hossner 

and Me1ton 1970), orthophospha.te (Savant and Racz 1972; Speir and Ross 1978) 

and trace e1ements (Tyler 1974). Thus organic sail genes{s and management 

were determinant as to enzyme activities obtained. 

l' ,~, 

The high correlation found between water-soluble pyrophosphate and ash 

content was consistent with the reaction of many inorganic soil components 

with pyrophosphate (Phi1en and Lehr 1967). Indeed, organie materials did 

not retain pyrophosphate because aIl pyrophosphate added to low-ash fibrie 

materia1s remained water-so1uhle. Th~s pyrophosphate behaved like o~thophos-

-,phate, which has been found to have no affini ty for organic colloids 

(Fox and Kamprath 1971). Whatever the ~etention eapaeity of organic soi1 

materia1s for pyrophosphate, retained pyrophosphate was weak1y held, as 

noted by complete pyrophosphate hydrolysis after 4 to 8 days of incubation. \ 

o 

A1though pyrophosphatase aetivi~y alone accounted for 43% of total 

variation in half-life values of pyroph08phate in 24 organic 80il materia1s, 

the addition of water-soluble pyrophosphate to the regression mode1 increased 

the R2-value to 77%. The interaction between pyrophosphatase activity .. 
and pyrophosphate retention supported the theoretieal mode1 of Raez and 

Savant (1972). 

-36-



t 
f 
; 

" \ ! 

1 
! 

, ~ 
" 1 1 

! 
t 

" t , , 

) " 

0 .J 

. ' 

'.: .. 
o 

.cONCLUSIONS -----------
, > 

" 1- Activation energy required for pyrophosphate hydrolysis und~r as say' 

conditions was less with fibr~c materials th an with humic materials, probably .. 
due to différentiaI "locus" effects at the collo~d-enzyme interface •. 

2- Phosphatase and pyrophosph~tase activities in ?4 orga~ic sail mate-

rials were highly correlated. Nonspecific acid phosppatase systems were 

.apparently involved in both pyrophosphate and phenyl phosphate hydrolysis. 

3- Phosphatase and pyrophosphatase aètivfties as weIl as amounts of 

pyrophosphate retention, l4'ere related to soil pH, ash conten.t, soil .gene-sis . 

and soil management. Low-ash, acid virgin, organic sail materials showed 

highest enzyme activity and lowest pyropho~phate retention. 

4- The theoretical model of Racz and Savant (1972), relating pyrophos-

phate hydrolysis in soil ta pyrophosphatase activity rates and pyrophosphate 

retention states, was confirmed by a multiple stepwise regression proceduré. 
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• Table 1. Characterization of -24 organic soill.lllfleeril\ls ~f Eastern Canada 

---- -- -----~~---~--------------------------._-----------------
C~as.s -Materi~l C/N CEC Pyrophosphate pH Ash 

(mol [ !Ba+2 ) index (O,OtM (%) 

"-
.kg-l ) CaC12) 

------------------------------------------------------------~---------------

l VI) 82 980 9 3,0 1~8 
,2 V2) 43 1050 10 ~s 2 ~ 2,6 
3 V3) 49 1270 12 ~6 1,6 

fibdc 
4 V3) 37 1020 16 2,7 3,6 

1 
5 V4) 44 1300' 18 3,4 4,2 ). 
6 C2) 36 1110 ·14 5,7 12,4 

1 
7 C2) 30 1070 14 5,8 13,2 
8 cl) / 39 1326 26. 5,.2 9,1 , 

, ~ 
. , 

----------------~---~-----------------------~---~-----------------------, , 

9 Bl). 29 1200 ~ 2,7 2,0 
10 C4) 31 1360 47 5,7 9,7 
Il C4) 28 1550 34 5,9 13,6 . . 

'mesic' 
12 C3) 27 1270 52 4,8 9,1 .... 
13 V3) 21 1140 42 3,2 9,6 

... 
'r 

14 C3) 19 1570 21 3,7 7,5 
15 Cl) 22 1470 42 3,8 6,5 
16 C3) 26 169.0 54 4,2 7,8 

-------~-----------------~-------------------------------------------------

1ic3) 21 1740 41 4,5 10,1 
18 C3) 18 1950 30 5,0 14,2 
19 C3) 15 1900 34 5,1 17,4 

humic 20 C3) 16 1910 41 5 7 1 18,2 
21 C3) 18 \ 1560 107 5,3 14,9 
22 C3) 16 1690 122 5,4 18,1 
23 B3) 20 2380 85 6,3 18,6 
24 C3) 16 2020 129.... 6,0 18,5 

-~~-------------------------------------------~---------------------------
v, C, B: virgin, cultivated and-newly broken, respectively. 

l) New-Brunswick 2) Newfound1and 3) Quebec 4) Nova Scotia 

'1 
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'l'able 2. Rate of pyrophosphate (SPP) hydrolysis by six organic 80il' 

materials aS8ayed in a 0,2 M Tris~citric acid buffer at pH 6,4 

:-~----------------------------------------------T------------------

Organic 
soil lh 2h 3h 4h 

ma te rial -------------------------

Polynomial 
degree 

Fl ,48 value 

% hydrolysis of SPP added -------------------------------------------------------------_ ....... _-----_ .• 
L, ** Fibric 13 21 28 33 Q. 22** 

Fibric 7 13, 17 20 Q 29** 
Fibric 6 Il 14 16 Q 42** 
Fibric 3 5 7 8 L 350** 
Mesle 1 2 '3 4 L 88** 
Humie 1 2 -'3 ... ·3 L 56 
----------------------------------------------------------------------------.. 

.' 

8 
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• Table 3. Rate of phenyl phosphate (PDP) hydro1y~is by six organic soi1 
materials assayed in a 0,2 M Tris-citric acid buffer at pH 6,4 

~---------------------------------------------------------------------------

Organic 
soil 1h 2h 3h 4h 

material ----------------------------

Polynomi.al 
degree 

F1 ,48 value 

______________ ~~~_~~~E~!l~!~_~!_~~~_~~~~~ _______ ~ _________________________ ~ 

Fibric ** 12 21 28 34 Q 12** 
Fibric - 10 17 22 24 Q 26** 
Fibric 6 Il 16 20 L 575** 
Fibric 6 Il 15 19 L 479** 
Mesie 1 2 4 5 L 1 32** 
Humic 1 1 2 4 5 L 39 

c 
j 

c,,~ 

.. 
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-Table 4. Pyrophosphatase activity in sterile water,-in humic and fibric materials, and in filtrates 
of soil materials extracted with a 0,2 M Tris-citric buffer (pH 6,4) for lh and 2h at 37°C 

~------------------------------------------------------------~--------------------------------------

H20 humic fibric 

lh extract 2h extract materia1 1h extract 2h extract material --------------------------------- ---------------------------------1 ========-__ -:=:=::===:_E~!~_~!_EIE~E~~~E~~E~_hz~E~~I~!~_i~~~~_~~ __ 2_:::=~~~~~~~ 

F1,2a 
value 

o 4 3 5 3 4 29 8 21 9 23.7 70 5 
-----------~----------~----------~-----------~-----------~------------------------~-------------------
1) 
Orthogonal a 
contrasta 0 

o 
o 

1 
1 
o 
o 

-1 
1 
o 
o 

o 
-2 
o 
o 

o 
o 
1 
1 

o 
o 

-1 
1 

o 
o 
a 

-2 

< 1 
214** 
< 1 
701** 

------------------------------------------------------------------------------------------------------
t 
(mean > 0) < 1 1,383+ 1,349+ 11-,706** 8,602** 

cv < 1% 

+, **: significant at the 10% and 1% levels, respectively 

1) Steel and Torrie (1980) 

• 

-'" 

9,277** , 27,662** 

, 

, 
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Table 5. Highest polynomial degree of the course of pyrophosphate hydro
lysis at 12, 24, 36 and 48°C, and activation energy (Ea) of the 
hydrolysis reaction in the I2-36°C ~ange computed from Arrhenius 
equation (r-value given for n = 3) J, 

,""';"', 

-----------------~----------------------------------------------------------

Soi1 
mate rial 

Fibric 

Humic 

Polynomial degree Activation energy _______________________________ i~~~~~~2 ________________ _ 
degree 

cubic 

cubic 

FI ,30 value 

8,28** 

4,44* 

Ea 

22,4 

32,8 

r-value 

-0,996** 

-:-0,997** . ----------------------------------------------------------------------------

cv = 5% 

.. ' . 
• 
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Table 6. Pyrophosphatase (SPP) and phosphatase (POP) activities in a 
0,2 M Tris-citric acid buffer (pH 6,4), half-1ife values and 
amounts of water-soluble pyrophosphate (PP) in 24 organic sail 
materials 

~-------------------------------------------------------------------------~-

Material spp rDP pp in sol r n Harf-life days 
-1 - '1 ___________ . _____ ~~!!.~s. __ !.~~ __ :.:. _______ ~~~!.:.~~: _________________________ _ 

Fibric 

Mesie 

1 
2 
3 
4 
5 

J' 6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

74,1 
148,1 
67,0 
39,7 
47,2 
35,8 
34,1 
11,6 

14,3 
12,2 
12,5 
30,6 

109,3 
35,7 
44,0 
39,5 

100,6 
145,4 
102,1 

51,0 
50,6 
44',1 
40,0 
19,9 

17,3 
18,0 
18,8 
27,8 

105,3 
25,1, ,-
30,7 
27,5, -' 

7,6 
8,1 
8,0 
5,5 
7,2 
4,6 
4,1 
5,2 

7,0 
3,1 
4,0 
3,0 
4,6 
5,1 
4,1 
3,3 

0,08 
0,06 
0,09 
1,03 
0,41 
1,47 
3,13 
1,03 

1,09 
2,82 
1,93 
0,79 
1,20 
1,04 
2,08 
1,10 

----------------------------------------------~----------------------------

17 34,4 26,2 0,6 2,09 
18 28,3 26,9 1,9 0,76 
19 35,6 30,6 1,2 0,70 

,. Humic 20 30,5 25,5 1,2 0,68 
21 33,3 33,1 0,8 1~92 
22 35,6 33,4 0,5 3,55 
23 13,9 17,7 2,1 1,16 
24 17,6 15,8 '0,1 3,74 

---------------------------------------------------------------_._-----------
F23 ,23 values 7379** 345*'* 45** 

cv (%) 4\ 6 14 
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) COrrnECTING PARAGRAPH 
" 

In Chapter II, the course of pyrophosphate hydrolysis was descrihed'by 
C">, 

a complex interaction hetween ~?zymic activity and physico-chemical retention. 

If retention values are kept constant, half-life values of pyrophosphate 

hydrolysis (H) would he a'quadratic function of pyrophosphatase activity (E), 

sueh that H = aE2 + hE + c, where a, h and c are constants. Thus, variation 

in E could affect H values. Are these variations of any significanee? 

Enzyme aetivity ean he reduced hy adding Cu as an inhibitor. Cu is ., 

seleeted sinee heavy applications (20 to 300 kg.ha -1) are essenÙal to aehieve 

high standards of pro~uctivity in organic soils and to decrease the oxidation 

rate of these soils. Thus, the question of whether Cu additions to organic 

soil materials can affect pyrophosphatase activity and, consequently, decrease 

half-life values of pyrophosphate will be discussed in Chapter III. 
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SUMMARY -----
The objectives of this study,were to investigate the effect of Cu levels 

, .. on pyrophosphat'ase activity of 24 organic soil materials differing in organic 

H content, cation exchange capacity (CEC) and degree of decomposition and to 
, , 

measure pyrophosphatase activity and half-life values of pyrophosphate in 

four humic materials simil&r in aIl respects except Cu content. Cu added at 

-1 a rate of 5 g.kg decreased significantly pyrophosphata-se activity in fibric, 

medc and humic materials (t = 8**). The magnitude of the decrease in pyro-

phosphatas~ activity was highly correlated with pyrophosphatase activity in 

the 24 materials (r ... 0,725**), but was not significantly correlated with 

organic & and CEe. Pyrophosphatase activicy in four organic soil mate rials 

was 19% lower in mate rials contaifiing 360 and 1177 mg of total Cu per kg than 

in materials c6ntaining 22 and 126 mg of total Cu per kg. Thus, a "criticallf 

range was estabHshed between 126 and 360 mg of Cu per kg. This range was 

comparable to the cr:1 .. tical range of 150 to 220 mg Cu per kg of organic soil 

materials, estimated from other sources, as to inhibition of CO
2 

evolution and 
c;. 

~ enzymic activities. However, a common course of pyrophosphate hydrolysis 

was obtained under laboratory and field conditions in materials containing 

-1 22 and 1177 mg Cu.kg • A half-life value of 1 day was computed for pyrophds-

phate incubated with these two mate rials at'room temperature. Since Most 

-1 
Quebec organic soils contain less than 120 mg Cu.kg as total Gu, it was 

Q apparent that pyrophosphate hydrolysis, and thus pyrophosphate efficiencY9 

as a P-fertilizer, would not be afrected importantly by Cu inhibition of 

pyrophosphatase activity.~ 

• 
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RESUlm -----
" Le but de cette recherche etait a'évaluer l'effet du Cu sur l'activité 

pyrophosphatasique de 24 matériaux organiques montrant des différences quant 
\ -

au N organique~ à la capacité d'échange cationique (CEC) et au degré dei, dé-

composition et de mesurer l'activité pyrophosphatasique dans quatre matériaux 

humiques semblables en tout point 'sauf le contenu en Cu. L'addition de Cu 

à un' taux de 5 g.kg-1 a réduit significativement 1 'activité ~yro'phosphatasique .. 
dans les t1iatériaux fibriques, mésiques et hU!luques (t = ~**). L'amplitude 

, 
de cette réduc~~n était très significativement liée à l'activitê pyrophospha-

.tasique des matériaux (l"'" 0,725**) mais ne montrait aucune corrélation signi-

ficative avec le contenu en N organique et la CEC. L'activité pyrophosphata-

sique dans quatre nfatériaux organiques était de 19% inférieure dans les matériaux 

contenant 360 et 'l177 mg de Cu total par kg pAr rapport à ceux qui contenaient 
~ 

22 et 126 mg de Cu total par kg. Ainsi, une plage "critique" a ét-é 'étaolie 

entre les 'valeurs de 126 et 360 mg de Cu par· kg. Cette plage critique est 

comparable aux seuils ~ritiques déjà établis de 150 à 220 mg de Cu par kg de 

ma~ériel organique pour l'inhibition de la proguction de CO
2 

et de i' activité 

dë huit systèmes enzymatiques. Toutefois, une courbe commune d'hydrolyse du 

pyrophosphate fut établie au champ et au laboratoire cnez des matériaux conte-

-1 
nant 22 et 1177 m~ Cu.kg • La valeur de la demi-yie du pyrophosphate incubé 

avec ces deux matériaux à température de la pièce fut de 1 jr. Comme la 

-1 
plu~rt des sols organiques du Québec contiennent moins de 120 mg.kg de Cu 

total, 1 'hydrolyse du cpyrophosphate et, par consequent, la valeur fertilisante 

de cette SOU'l"ce de P, ne devraient pas être affectées de façon important!. par 

ces ni veaux de Cu. 
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INTRODUCTION -----------
Se~rle an~ Hughe~ (1977) have shown that Cu can inhibit pyrdphosphatase 

activity derived from so~1 microbial·ce11s. Since the hydrolysis of pyro-

fi phosphate,. the main non-orthophosphate component of polyphosphate fertili~ers, 
Il' 

J has been found to be main1y enzyme-cata1yzed in soUs (Hashimoto et aZ. 
'/ . 

1969), the addi~ion of Cu to Cu~deficient soi1s cou!d decrease the rate of 

pyrophosphate hydro1ysis into orthoph~phate. A decrease in pyrophosphate 
1 

, bydrolysis could depress the rate of P uptake by plants since pyrophosphate 
~ 

has been shmm by Sutton and Larsen (1964) to be taken up 1ess rapid1y 
"f" .. 

by plants than orthophosphate. 

-1 r,;. 
Several annual Cu applications totaling 300 kg.ha 1 have been recommended 

for organic soils (Gilbert 1952). Such an amount~wou1d correspond te 600 

-1 mg.kg pf Cu in thé humic surface layer (0-20 cm) of organic soi1s having a 

, -1 -1 
bu1k density of 0,25 kg.L • A total amount of 20 to 30 mg Cu.kg is 

requi~ 

A survey 
/ 

for responsive crops grown on organic soi1s (Lucas and ~ek 19~7). 

of 87 Quebec prganic sbils in 1979 indicated that '32 surface mate-

• -1 
rials contained 1ess than 20 mg.kg of total Cu, 51 materia1s contained 30 

-1 -1 to ..120 mg Cuokg and 4 materia1s contained 128 to 310 mg Cu.kg (unpublis~ed. 

data iIT Appendix III). Thus most Quebec organic soi1s contained 1ess than 

120 mg.kg-l of total Cu and 377. of these soils were probably Cu-deficient. 

By applying the eate-Nelson partitionlng 
< 

procedure (Nelson and Anderson 
" " 1977) ta the resu1ts of Mathur et 

1 
aL. '(1979) and Mathur and Sanderson (1980), 

r 
1 -1 

Cu contents of 220 mgokg in organic soi1 m~teria1s were found to reduce 

CO2 evo1ut~on and Cu contents of 150 mg.kg-1 reduced 8 enzymic activities. 

~, 
\' 
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ThUB, a decrease in enzymic activities was expected upon Cu ferti1izatian 

-1 up ta 600 mg.kg • 

Since organic soi1 mate rials c~n adsorb considerable ~ounts of Cu 
1, 

(Parent and Perron 1983), and since soi1 enzymes have been shown to be active 

.primarilyas abiontic enzymes (Kiss'et alo 1975) fixed on soi1 co110ids 

1 
1 

1 
# (Mclaren 1975), organic soil materia1s cou1d compete for Cu ~~h soi1 enzymes .1 

. ~'=.=._ ~~ 1. 
and thus protect soi1 enzymes to a certain extent against Cu inhibition. l 

, o ~ 

Apparently, Cu cou1d be f:Lxed by nitrogenous compounds (Goodman and Cheshire 

197.3) and through coordination links with functional groups containing 

oxygen (Bloom and McBride 1979). Thu~, organic N content's and cation e;(-

change capacities (CEC) could influence the relative decrease in pyrophos~ 

phatase activity upon Cu additions to organic soil materia1s. 

The aims, of the present stu~y were (1) to investigate the effect of 

Cu additions on pyrophosphatase activity in 24 organic soil materials 

differing in organic N content, CEC and degree of decQmposition and (2) to 

-1 determine the influence of Cu contents of up to 1177 mg.kg on pyrophos-

phatase activity and rate of pyrophosphate hydro1ysis in four simi1ar organic ... 
. . 

soil materials except for Cu content. 

MATERIAL AND METHODS 

Twenty-four organic soil materiala from Eastern Canada, eight f~om 

each of the major groups (fibric, meaic and humic) , were analyzed in 
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+ duplicate for total N, N-NH4 (McKeague 1976) and for CEC 

(Thorpe 1973) (unpub1ished data in Appendix IV). Organic N was obtained 
-"' 

by" difference between total N and the N-NH + fraction. , 4 

The materials were assayed in dup1ic~te for pyrophosphatase activity 

-1 (see Chapter 2) with and without the ·addition of 5 g.kg of Cu as sulfate 

(Mathur and Rayment 1977). Pyrophosphat~se activity was determined by 

incubating, at 37o~ for 2h, one g of materiai with 750 ].lmol) of sodium 

~pyrOPhosPhate ± ? mg of 

~solution of pH 6,4. To --
Cu, dissolved in a 0,2 M Tris-citric acid buffer 

account for native P, a control samp1e was ana1yze
o

d 

by adding pyrophosphate a't the end of the incubation periode Orthophosphate 

in assay mix~ures was extracted with 20 mL of 1 N H2S04 on a recipro~a1 

shaker for 15 min. The suspension was filtered through Whatman #42 paper. 

Orthophosphate in filtrates was determined colorimetrica11y (Technicon 1977). 

The pH of as say mixtures having received Cu was 0,1 unit lower than that of 

assay mixtures not treated with Cu. 

The significance of the differences between the two treatments was tested 

with the t-test for paired samp1es (Steel and,Torrie 1980). The absolute 

decrease and the arcsin V---transformed percentage of decrease (Steel and 
1 

Torrie 1980) were correlated with organic N and CEC. The relative decrease 

in pyrophosphatase activity values was computed by dividing the difference 

between the two treatments by the difference between the sample not treated 

with Cu and the c9ntrol sample. 
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Humic materials were obtained from field IV microplots previously 

treated with four rates of Cu on the Agriculture Canada experi~ental farm 
. 

at Sainte-Clotilde, Quebec. The total amounts of Cu in these humic mate rials , 

-1 were 22, 126, 360 and 1177 mg.kg ,respectively (Mathur e,t al. 1983). 

These materials, similar in aIl respects except Cu content (Table 1), were 

analyzed in duplicate for pyrophosphatase activity as described ear1ier, and 

for retained pyrophosphate and orthophosphate by the following procedure. 

One g of autoclaved (121oC, lh) materia1 containing 5 mL of distilled water 

was incubated with 1 mL of 500 mmo1.L-1 solutions of either sodium pyrophos-

phate or dibasic sodium phosphate adjusted to soi1 pH.\ The incubation was 

run at room temperature for 4h. The incubated mixture was extracted with 
, 

34 mL of distilled water on a reciprocal shaker fQr 30 min. The suspension 

was filtered through Whatman 1142 paper. Orthophosphate was determined in 

fi1trates of orthophosphate treatments (Technicon 1977). For pyrophosphate 

treatments, a 10 mL aliquot of, the filtrate was hydrolyzed in 0,5 N H2S04 

for 2h at IOOoC on a hot plate. (Racz and Savant 1972). Control sail samp1es 

were analyzed for native P. 

The half-life values of pyrophosphate in the humic materials containinw 

-1 extreme amounts of Cu (22 vs 1177 mg.kg ) were assessed at room tempera~ure 

by incubating in duplicate 1 g of material, 5 mL of distirled water and 1 mL 

-1 of a 500 mmol.L sodium pyrophosphate solution adjusted to the pH of the 
" 

materia1. At five se1ected times (6-12-24-28-96 h) dup1icate samp1es were 

taken at random for orthophosphate dete~nation (Technicon 1977). Ortho-

phosphate was extracted with 0,5 N H2S0
4

, as described earlier~ . The 
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thermos ta tic bath of the auto~nalyzer module was disconnected ta prevent -

the hydrolysFs of pyrophasphate during.calar ~èvelapment., Control soi1. 
c 

samples for native P were analyzed in duplicate at the beginning and at the 

end of the incubation pe~i~d. 

The course of pyrophosphate hydrolysis was monitored in the same micro-

plots as mentioned above. To these microplots, solutions of K4P207 prepared 

• by the method of Gilliam (1970) was applied in triplicate at a rate of 112 

-1 kg P.ha .. The bulk density of the humic materials under study was 0,14 

kg.L-l (Mathur et al. 1983). Fertilizer P was raked into the surface 10 cm. 

The experimental units were completely randomized with four Cu levels. Each 

microplot was sam~led 10 times in the surface layèr from May the 28th to 

August the 2nd, 1982. Duplicated control plots were samp1ed 5 times during 

the season ta estimate native P. The samples were extracted with 0,5 N 

H2S04 and analyzed for P (Technicon 1976). Rainfall and soi1 temperatures 

néar the experimental area were recorded daily. 

The hydrolysis data were fit to a quadratic hyperbola of the form 1 

y = A X / (~ + X), where Y was the amount of orthophosphate in the material 

-1 
(mg.kg ), corrected for native P, X was the time in days, A waS the esti~ 

mated Y maximum and b was the estima~ed X value at Y = A/2. The hyperbola 

was linearized as X/Y = ~/A + XIA befo;e analysis by a simple linear regre~sion 

procedure. ,-

. " 

-58-

• , ,,-

'; 

1 
l 

! 
1 
1 



1 
" 

( 

.n 

/ 
, 

~ .... ,.. __ .....,...-..r-;.F,!(~~n_.J4.{l't't.. ..... <"rL"!t"r\r~~;...r:'~'!.:"(~~~~'f.~'l.ot't~)'~""'Y"~;;"~"llI~'I"'<;!I''"l''J;It.l''P'''1'\~'\jj~/-;~,~,~ ...... ~t~l'''';::O J 'f-

RESULTS AND DISCUSSIGN ----------------------

i 

The decrease of pyrophosphatase activity upon Cu addition to 24 organic . 

-1 -1 
soil materials ranged from 1,1 to 20,7 mmol.kg .2h ,~th corresponding 

, 
relative decreases of 3 to 43% (Table 2)0 Th~ t-va1ue of the difference 

between Cu-treated and non-treated mate rials was high1y significant (t 8**)0 
". 

On the average, pyrophosphatase activity was 14% lower in treatcd than in 

·untreated samp1es. However, no significant correlation was shown between 

abso1ute and relative values of the dectease (r = 0,157) siAce pyrophospha-
',.' -

'.. .~ <) '1 
The greater the pyrophos-tase differed ~dely from one materia1 to another. 

phatase activity, the greater was the absolute decrease (r = 0,725**) and the 

l"ler was the relative decrease (r = -0,491*). 

No significant correlations were established between abso1ute decrease 

in pyrophosphatase activity and either organic N (r = 0,040) or CEC (r = 

-Ot229)~ as weIl as between re1atiye decrease and organic N (r = 0,369) and 

CEC (r = 0,325). -1 Thus, with a Cu conçentration of 5 g.kg ,organic N and 

CEC did not reduce enzyme inhibition by Cu. 

The decrease in pyrophosphatase activity by adding Cu to organic soi1 

ma~ria1s was consistent with the effect of Cu on other enzyme activities 

in mineraI and organic soi1s (Juma and Tabatabai 1977; Mathur et aZ. 1979). 
(, 

It was apparent however that Cu inhibition of pyroph~sphatase activity 

in organic soi1 materia1s was related primarily to the ampunt of active 

enzyme already present in the materials rather than to organic N or CEC. 

.' 
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Pyrophosphatase activity was found to be significantly higher in 

low-Cu than in high-Cu humic materials (Table 3). Ordination of Cu èontents 

by orthogonal contrasts was as following: 

AlI comparisons were significant at the O,Of probability level. A 

higher activity value in CU22 than in CU126 could he attrihuted to the 

response of previously. grown crops to Cu addi tion. Thus, a "cri tical" 

interval of Cu contents that would decrease significant1y pyrophosphatase 

-1 acfivity in the humic materia1s was found between 126 and 360 mgokg • 

-1 Such a range was consistent with "critica1" values of 150 to 220 mg.kg 

(Hathur et al., 1979; Mathur and Sanderson 1980). 

.' . 
"C Despite a" 19% differ~nce' in l pyrophosph~tase activi.ty b'etween (Cu22 + 

Q <J. • 

Cul26) and (Cu360 * Cul177) materia1s: n~ significant difference in the 

" . 
course of pyrophosphate hydro1ysis was found betw~en CU22 and ~1177@mate-

rials under 1aooratory conditions. Neither the effect of material 
~ 

(Fl ,12 = 3,81) nor the materia1 X time interac~ion (FS,12 = 1,75) was signi-

Jicant at the 0,05 probability leve1. However, the time factor was highly 

significant (FS ,12 e 278**) a~d resulted in a single hydro1ysis curve for 

the two treatments (Figure 1). The coefficient of variation was 5%. The 
\ 

interpolated half-life value of pyrophosphate hydro1ysis in CU22 and CU
l177 

mate rials was approximately 20 h. 
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The course of pyrophosp~ate hydrolysis under field conditions had a 

simi1ar trend'as under 1aboratory conditions (Table 4). However, the 

coefficient of variation of 20% was higher than in 1aboratory test. Ooly 

the time factor was significant and resu1ted in a common hydrolysis curve 

for the 4 treatments (Figure 2). Pyraphosphate hydro1ysis was more rapid 

during the first two weeks than later during the season. Soil temperature 

increased between the 40th and the 60th day with a corresponding apparent 
. 

increase in orthophosphate prod~ction. However, a lower orthophosphate' 
r-- '" 

recovery at the 68th day as compar~ with the 54th day after pyrophosphate 
• 

application cou Id be attributeiLiq part to sorne leaching of orthophosphate 

by the 80 mm of rainfall recorded between the two sampling dates. 

The course of pyrophosphate'hydrolysis was described by the following 

equation: 

y = 380X R
2 = 0,965 

6+X 
n = 9; 

- , 
:;. , 

with variables and constants as defined earlier. A half-Iîfe value of 6 days 
,) 

was subject to the formaI assumption that the maximum value of P recovery was 

-1 -1 380 mg.kg • However, an amount of 800 mg Pokg was present in the samp1ed 

layer at the beginning of the experimenta1 periode The difference between 

these two values could be attribdteq8in part to phosphate leaching outside the 
n ,. 

sampled layer or ta incomplete pyrophosphate hydrolysis. In fact, the reten-

tion experiment under laboratory conditions indicated that, on tbe averag~, 
'< 

85% of the pyrophosphate added was retained by the 4 humic materials, 

whereas no orthophosphate was retained. Thus, orthophosphate was 
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practically ~ot retained by the 4 humic materials and cou1d have been leached 

away in part as pyrophosphate was hydrolyzed into orthophosphate during the 

incubation period in the field. A very low capacity for orthophosphate 

adsorption has been ohserved also by Fox and'Kamprath (1971) in acid organic 

soils for North Carolinao 

Thus, it was apparent that, in the range of 22 to 1177 mg Cu per kg 

of humic materials, a common course of pyrophosphate hydrolysis could be 

obtained under laboratory and field conditions despite a significant dif-
. 

ference of 19% in pyrophosphatase activity between high-Cu and low-Cu mate-

rials. -1 That range of total Cu corresponded to a range of 10 to 480 Mg.kg 

of IN HCl-extractable Cu. 

CONCLUSION ---------.' 
Linear correlation stùdies indicated that neither orsanic N nor cation 

exchange capacity, two parameters measuring a number of functiona1 groups 

in organic soil materials, was significant for mitigating pyrophosph~tase 

inhibition by Cu in fibric, mesic and humic materia1s. 

-1 -1 However, Cu values exceeding 360 mg.kg as total Cu or 200 mg.kg 

àS IN HCI-extractable Cu produced a significant decrease in pyrophosphatase 

activity that did not reduce importantly half-life values of pyrophosphate 

incubated under both laboratory and field conditions. Since most Quebec 

organic ~oils surveyed contained less than 120 mg.kg-l of total Cu, it was 
17 

apparent that py~ophos~hate hydrolysis would not be depressed by the Cu 

values found in these soils. 
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Table 1., Chemical characteristies of 4 humie materials of different Cu 

CI contents (means of duplicates) 

------------------------------------------------

HUDdc 
materia1 • 

pH in 
0,01 M 
caC12 

C/N IN Hel extractable 

Ca Mg 
1 

p Cu Zn 

----------------------------------------~------------------------------:+2 ":1 
"1IIIIIo1(!M ) .kg -----mg.kg-L -----

1 5,1- 15 900 240 100t 10 70 
2 5,1 15 910 230 120 80 70 
3' ?,1 15 910 250 100 200 90 
4 p,O 18 910 240 90 480 60 

---~-------------------------------~-----.----------------.------------t-
.' 

(1) Double aeid (0,05 N HCl + 0,025 N H2S04) 

' ... / 

" 

\ 

o 

, . 
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'Table 2. 

" 

< , a 

Decrease of pyrophosphata$e (PPase) aetivity upon Cu addition 
of 5 g.kg-1 as re1ated to organic N and cation exchange capacity 
(CEe) and degree of decomposition of 24 organie 50 il materia1s 
(means of duplicates) 

~ 6 • 

------------------------------------------------------------------------~----

, ~~!!_!!!~!:!:E!!!! .% organie CEC Abso1ute Relative 
Class SIN (nUllo1 (lBa +2) .. kg-

1
) decrease of deere.ase ai e PPase ac~fvity in PPase 

__________ ~: ______________________________________ ~~~!~~~ __ ~~~=:?-~~E~~!!l-~~L 
f 

-1 0,5 9,80 8,2 Il ;; 
2 1,0 . '1050 20,7 14 
3 0,9 1270 0 6,0 9 

Fibrie 4 1,0 1020 17,1 43 
5 0,9 pOO 13,2 28 
6 1,1 1110 1,1 3 
7 _1,3 1070 6,5 19 
8 1,1 1320 4,5 39 

----------~--------------------------------------------------------------------

9 1,7 1200 4,9 34 
la 1,4 1360 3,5 29 
11 1,5 1550 4,8 38 

Mesie 
12 1,8 1270 6,4 '21 
13 2,1 1140 18',6 17 

...( 1570 1 
14 2,3 9,3 26 
15 2,1 1470 10,6 24 

~ 16 1,9 1690 9,9 25 

17 2,2 1740 8,3 24 
18 2,4 1950 11,0 39 \ 
19 2,8 1900 13,5 38 
20 2,6, 1910 10,7 35' 

Humie 21 2,4 1560 -. 8, 7 26 ,~ 

22 2,6 16'90 9,6 21 .. ·1 
" 23 2,1 2380 2,6 19. . J 

24 2,5 2020 4,0' 23 =l 
-------------------------------------------------~--------------------~----~---, . . .. 

, ./'. . 
, , 

'0 

'. 
? • 

1 
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.' Table 3~ ,Orthogonal contrasts for comparing the rate of pyrophosphatase 

activity in 4 humic materia1s simi1ar except for Cu content 
(means of dup1icat,es) 

----------------------------------------------------------------------------
!q-

22 

-1 Cu content (mg.kg ) 

126 360 1177 
-------------------~------------------------------------------

- orthopho.sphate produced (mmo1.kg-1.2h-l ) 

F1 ,8 value 

\ 

35,6 38,3 31,9 28 3 
-~--------------------------------------~--------------------------------

'-. 

1 -1 0 0 Il,53** 

0 0 1 -1 21,65** 

1 l -1. ' -1 157,98** . 
-------------------~-------------------------------------7------------------

cv - 2% 
, 

**: significant st the 0,01 level 

1) Steel and Torrie (1980) 
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Table 4. Malysis of variance of the rat:of K41'20) hYdJolysi~ in four! 
organic sail materials similar except for Cu content (field 
condi~ions) _ 

---------------------------------------------~---------------------~-------

Source of variation d
f 

MS F 
-----------------------------------------------------------~----------------

Sail 3 8722 1,09 

Time ,8 67074 8,42** 

Sail X Ume 24 10671 1,34 

Error /72 " 7968 

'. cv = 20% 

**: significant at the 0,01 1evel 
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Figure 1. Average course of pyrophosphate hydrolysis applied in duplicate 

at a rate of 500 ~g of P to one g of two humic materials conta 
22 an~ 1177 mg ôf Cu per kg, respectively. 
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Figure 2. Rate of pyrophosphate hydrolysis in humic organic soil.materials (means of 4 triplicated 

treatments) together with variation of rainfall and soil temperature during the summer 1982! 
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CONNECTING PARAGRAPH --------------------
In Chapter III, the study of the influence of pyrophosphatase activity 

on the course of pyrophosphate hydrolysis was a simplification of thê regres-

sion model developed in Chapter II. However, the general mode! introduced 

in Chapter 1 involves not only so~1-re1ated factors, but a1so factors 

related ta p~ant growth and developrnent. cThus, in Chapter IV, the rate of P , 
,< 

uptake by anions is ~<?rnpared with the rate of pyrophosphate hydrolysis in 
• 

organic sail materials. Two major types of organic soil surface materials 

are found in Quebec: aeid mesie mate rials not yet reelaimed and old-cultivated 
4 

bumie materials.' Sinee aeid mesic materials must be heavi1y limed before 

cropping, the influence of liming rnaterials on,pyrophosphatase activity and 

pyrophosphate retention should be in~esti&ated. In Chapters II and III, it 

was observed that half-life values of pyrophosphate in organic soil mate rials 

did vary between 0,1 and 3,7 days under laboratory conditions and that small 
D 

changes in pyrophosphatase activity did not produce a significant decrease in 

the course of pyrophosphate hydrolysis in humic materials. Thus, pyrophos-
"ù. ô 

phate and orthophosphate should be eqtiiva1ent sources bf P for crops ,grown on 

o~ganic soils. It is the scope of Chapter IV to apply the general model to ' 

onions grown in vitro on humic and 1imed meaie materials. -, 
,\ 
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CHAPTER IV 

1 c A COMPARISON OF PYROPHOSPHATE ~D ORTHOPHOSPHATE FERTILIZATION 

OF ONIONS GROWN ON ORGANIC SOIL MATERIALS 

... ' :, 

.' 

• 
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SUMMARY 

'; The objectives of this s,tudy were to monitor the rate of onion growth 

and devel~pment in comparison with the rate of pyrophosphate hydrolysis in 
0," 'i 

humdc and 1imed mesic mate rials and to compare pyrophosphate and orthophos

phate ferti1iz,~rs. ~s to' o~ion yield and ùptl:l~e of P and Cu. Pyrophosphate 

hydrolysis in organie solI materials ineùbated at a -10 kPa matrie potential 

was 1qO% complete after 8 days in the IJumic materia1 and 95% eomplete'- 'after 
: 

13 weeks in the limed mesie materia1. The relatively slow rate of pyrophos-

phate hydrolysis in the limed mesie mate rial was attributed to the action of 

the liming material. The addition of 4,5% Ca(OH)2 to the mesie material 

deereased pyrophosphata~e aetivity by 29% and water-extraetable pyrophosphate 

by 100%, resulting in an apparent ,.inerease in half-life values (rom 1 to 28 

days as eompared with the original material o Concurrently, the course of onion 

growth indicated a period of high,P demand between the 5th and the l2th weeks 

after seeding, extending from the leek stage to bulb maturi~y. However, no 
1 • 

, 
signifieant differenees in bulb yleld a~ P uptake by onions were found at 

harvest between pyrophosphate and orthophosphate as sources of P. Only Cu 

uptake was significantly higher in orthoph~sphate-, vs pyrophosphate-fertilized 

materials~particularly at the lowest Prate app1ied to the 1imed mesie mate-

rial. Bulb yi!lds inereased linearly with P rates in the humic material, but 

deereased linearly in the limed mesie mate rial., P up~ake increased also '_ 

linearly with P rates in both mate~ials. A 8% reduction in bulb yield in .the 
~ 

limed mesic material was assoeiated with excessive levels of 4,0% P ln bulbs 

and 3,1% P in leaves. 
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RESUME 

Le but de ce travail était'double: suivre la courbe de croissance de 

l'oignon par rapport à la courbe d'hydrolyse du pyrophosphate dans des maté-

riaux mesiques "chaulés et humiq'ue~, et comparer la valeur fertilisante du 

pyrophospha.te à celle de J,.' orthophospha te en terme de rendement de bulbes 

et de prél~vement en P et Cu ,de l'oignon. L'hydrolyse du pyrophosphate dans 

du matériel organique incubé à un potentiel matriciel de -10 kPa a été compl~te 
i 

après 8 jours dans du· matért..el humique, mais fut complétée à 95% au bout de 

13 semaipes dans du matériel mésique chaulé. Le taux relativement faible 
." 

d'hydrolyse en matériel mésique chaulé a été attribué à l'action de la chaux. 
'Q , 

L'addition de 4,5% de Ca(OH)2 à du matériel mésique a réduit l'activité pyro

phosphatasique de 29% eQ la quantité de pyrophosphate hydrpsoluble de 100%, 
-0 

faisant passer la valeur de demi-vie à 28 jours par rapport à une valeur cal-

culée de 1 jour pour le matériel'originel. Concurremment, la courbe de crois-

sance de l'oignon indique qu'une période de demande élevée en P s'est étendue 

de la 5e 
~ 

.. 1-' .. ' ~ a la l2e.sem~ine apres le semis, Jentre le stade poireau et la maturite 

du bulbe. Cependant, aucune différence significative entre le pyrophosphate 
\ 

et llorthophosphate~'a été observée dans 

prélevement de P. Une différence dans le 

les\ rendements des\bulbes et ie 

prélèvement de Cu, favorisant l'or-
~ 

th~phosphate, a été observée, particu1ièremen au taux d'application le plus 

faible sur matériel mésique chaulé. nt des bulbes a augmenté pro-

portionnellement au taux de P en matériel humi ue, mais a diminué proportio~ 

nellement au taux" de P en matériel mesique chaJlé. Le prélèvement de P a 
\ 

augmenté proport'ionnellement au taux de P apPli1ué aux deux matériaux. ( Une 

tj_duction de rendement d'oignons de 8% a été obs rvée sur du ~atériel mésique 
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chaulé et a été associée à des niveaux excessifs de 4,0r. P dans les bulbes 

et de 3,1% P dans les feuilles. ' 

INTRODUCTION 

ln southern ,Quebec, near1y 7 000 ha of organic soils are devoted to 

vegetable production. The traditional source of P for plants groWD on these 

s01ls is in the form of granulated orthopHosphate fertilizers. During the 

)ast decade, increasing amounts of liquid sourcep of P as polyphosphate 

fertilizers have become available on the market. However, comparisons as to 

yield and nutrient uptak~ between orthophosphate and pyrophosphate, the main. 

non-orthophosphate component of polyphosppate fertilizers, have been carried 

out primariIy on mineraI soils. The comparative efficiency of py~o- and 

orthophosphate has not been studied on organic solls. 
'~ 

Although pyrophosphate could be absorbed by plants (Gilliam 1970), Sutton 

and Larsen (1964) found that, in short-term water culture expefiments, ortho-

phosphate was taken up 2,4 times more rap!d1y than pyrophosphate by bariey 

seedlings. However, on account of pyrophosphate~hydrolysis to orthophosphate, 

any difference between each source of P wouid be small for P-deficient plants 

producing high amounts of phosphatases (GiI1iam 1970) a~d for plants growing 

in mineraI so~ls of h!gh biologicai activity (Sutton and Larsen 1964) at mean 

soi1 temperatures exceeding l2-1SoC (Sutton e~ al. 1966). Sutton e~ al. 
(1966) conc1uded that the effect of pyrophosphate on final yields of a parti-

cular crop wou1d depend on the rate of pyrophosphate hydro1ysis in the soi1, 
o 

the P status of the soil and the time of maximum P requirement by the crop. 

1 
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Although pyrophosphate can complex Cu, Mn and Fe in soils (Bremner 
------------------------------~ 

et ato 1946), it has heen advocated that, due ta rapid hydrolysis, polyphos

-1 " 
phate concentrations ~f up to 2000 mg.kg in sail woullbsoon fall helow 

levels like1y to enhance uptake of -native heavy-metals (Hashimoto and 

Wakefield 1974; Mortvedt and Osbo~ne 1977). Asher and Bar-Josef (1982) 

found that, in acid soi1s, pyrophosphate concentration wou1d be tao low 

to sequester Zn effectively. Thus, the rate of pyrophosphate hydrolysis 

in sail would influence P uptake to a greater extent thaï uptake of heavy 

metals. 
Ji 

The rate of pyrophosphate hydrolysis in soils has heen described ta he 

controlled by pyrophosphatàse activity and pyrophosphate retention (Racz 

and Savant 1972). Since liming matcria1s can increase pyrophosphate reten-

~ion (Phi1en and Lehr 1967; Sharma 1977) and decrease ~ctivity of phosphatases 

-1 
(Ralstead 1964), ~pplications of up to 22 t.ha of 1iming materials ta new1y 

broken organic sqil~ (J~smin and Reeney 1962) wou1d probably influence reten

tion,aQd hydrolysis of pyrophosphate. The activify of phosphatase would 

he reduced also' upon clearing virgin organic soi1s as a result of the comm9n 

practice of scraping the topsoilduring reclamation.Thus, pyrophosphate 

hydrolysis could be reduced in organic soi1s recentIy cle~red as compared 

with organic soils cultivated fer a long period of tîme • 

. ' ,. 
The aims of the present study were (1) to fol1ow the course of anion 

growth and development as compared with the course of pyropho~phate hydro-- , 

lysis in two or~anic soi1s differlng in liming management'~nd flme under 

cultivation and (2) to compare the efficiency of pyrophosphate and ortho~ 
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phosphate fertilizers as to crop yield and uptake of P and Cu by onions 

grown on these two organic s01ls. 

MATERIALS AND METROnS ---------------------... 

~sic and humic mate rials were obtained from the surface (0-30 cm) of' 

a newly broken mesisol near Farnham, Quebec, and from a cultivated mesisol 

near Sainte-Clotilde, Quebec, respectively. 'Onions grown previously on 

these organ1c soils were known to respond ta P fertilization. The mesic 

materials were less dense, more acidic and lo~er in ash than the humic ma-

terials (Table 1). The mesic materials were limed to a pH (0,01 t1 CaClZ) 

of 5,5 by adding 45 g.kg-1 of reagent-grade hydrated lime. Lime requirement 

was determined by incubating the mesic materials, held at a -10 kPa matric 

potential, with increasing amounts of Ca(OH)2 for a period of twc weeks. 

Four experiments were conducted u~der laboratory and greenhouse condi-

tions. 

The course o~ pyrophosphate hydrolysis waS followed in quadraplicate by 

, .. incubating either 232 mg or 394 mg of P as K4P 207 with 1 kg of humic and 

'mesic materials, respectively. The P concentrations corresponded to a P 

rate of 0,664 g per pot used in the onion growth experiment. The soil 

materials were held at a -10 kPa matric potential in plastic bags during an 

o 
inc~bation period of 13 weeks at 25 ± 5 C. The K4P207 was prepared by 

, 0 0 
heating reagent-grade KZ HP04 at 300 C for 4 h and at 525 C overn1ght 

, (Gil1iam 1970). Accordlng to Van Wazer (1958), K2HP04 starts to dehydrate 
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st 250°C and b.ecomes pure K/207 when held at 400°C and above. The produc,t 

was found to be 99,8% non-orthophosphate (Technicon 1977). The thermostatic 

bath of the auto-analyzer module was disconnected ta prevent PZ07 hydrolysis 

during color development. 

At selected times, orthoph?sphate was extracted from 5 g of incubated 

materia1 with O,S N H2S04 (Racz and Savant 1972) for 1S min on a reciprocal 
. , 

shaker at 200 rpm. The suspension was filtered through Whatman ff42 paper 

• and analyzed colorimetrically for P as described above. Control soil samples 

containing no pyrophosphate were analyzed a1so in quadruplicate to account 

for native p. 

Pyrophosphatase activity was assayed in five replieates with 1 g of soil 

material and 750 ~mo1 of sodium pyrophosphate diss01ved in 20 mL of a 0,2 M 

Tris-citric aeid buffer of pH 6,4 (see Chapter II). Incubations were conducted 

in 75 mL test-tubes at 37°C for 2 h. A control, sample was analyzed by adding 

pyrophosphate at the end of the incubation periode 'The assay mixture was 

extracted with 20 mL of 1 N H2S04 for 1S min on a reeiproca1 shaker. After 

filtration through Whatman #42 paper, the extract was analyzed colorimetri-

cally for P (Teehnicon 1977). The pH of the assay mixture was taken at the 

end of th,'incubation period with a combined electrode. 

" 

A measure of pyrophosphate retention was obtained by incubating, in 

duplicate, 1 g of aut~claved humic. mealc or limed mesic materials (121oC, 

Q -l' l h) containing 5 ml of distilled water with 1 ml of a 500 mmol.L sodium 
~ , 
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pyrophosphate solution adj,usted to the pH of the material (see C hapter II) • 
,~ o ,IlL 

After a 4 h - incubation period in 75 mL test-tubes at 2S-c, the mate rials 
, < 

were extraéted vith 34 mL of distil1ed water for 30 min on a reciprocal 
t 

shake!= •. After filtration of the suspension through Whatman 1142 paper, 

o a 10 mL aliquot of the filtrate was hydrolyzed in 0, SN H2S04 for 2 h at 

loooe on a hot plate (Racz and Savant 1972). Orthophosphate in solution ;"as 

determined colorimetrically (Technicon 1977). ControI samples of mesic and 

humic materiais containing no pyrophosphate vere analyzed to account for 

native P. 

" !_and'C~_~e!!~~_2Z-~~!2~! 
" . 

The course of P and Cu uptake by onions (AlZium aepa L. cv. Ear1y 
, ' 

e 

Harvest) grown on the 1imed mesic material vas monitored in separnte pots 

during a period of 13 weeks in the greenhouse at a temperature o~ 25 ± SoC. 
, . 

The daylength was increased week1y from 14 h at seeding to 16 h at bulb 

formation, and then gradually decreased ta 14 h at harvest. 

/'\ 
~ 

Rectangular pots, 12 L,in volume and 28 cm in height, were filled with 

1,68 kg of the mesic material. The water content w:as adjusted to 50% 

w~ter-fi1led porosity and maintained at that levei (375% H20 by weight) 
~ 1 

during the, growth period by weighing regularly three' selected pots. Each 

pot received 75 g of Ca(OH)2' 1,33 g of N as NH4N03 or KNO~, 3,35 g of K as 

KN03 or K2HP04 , 1,64 g of Mg as MgS04, 664 mg of P as K2HP04, 220 mg each'of 

Cu-Zn-Mn as sulfates, 133 mg of B as borax and 1,3 mg Mo as Na2Mo04.2H20. 

All products were applied in solution, except for Ca(OH)2' 

" 

.. h , 

), 
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Six holes, equally spaced, were made at the soi1 surface to 'receive 

5 or 6 seeds. The crop was thinnesI ta six seedlings" per pot 18 days after 

sowing. Onion growth was recorded every 7 ~ays by harvesting the pl"ants in 

o , . .. 
individual pots from the 34th da.y ta the l3th week. Also, ~he date at which 

a given 'phenologieal 'stage was eompleted at 50% was reéorded: Ten phenologi-
~ " 

cal 'stages were eonsidered (Rey et al,. 1974): gràin, loop stagé', flag stage, 

~fall of e~tyledDn, leek st'age', fall of fii-st leaf, bulb ",formation, bulb growth,; 

leaf collapse and bulb maturity. The experime'nta1 design was a randomized 

complete block with 7 replicates and 10 t'reatments 'or harvestir:g periods. 
, 

After harvesting, bulbs and tops were separated, dieed and dried at yoOe 

to 'e~nstant weight, gr~und in a Wi1ey inill a~d dry-~shed dt 550~C for 4 h. 

o 
Ash was disso1ved in 3 mL of eoncentrated HCI on a hot plate at 40 C. Five 

mL of 2N lIN0
3 

w~s added ta the mixture, y'hieh was then cQmpleted to 50 mL 

with distilled water. The final solution ,was ana1yzed for P eolorimetrieally 

, (Technicon 1977) and for Cu by atomie absorption spectrophotome'try. 

mesic materials. A .facto rial experiment was replicated six tillles and arr~nged 
~ , 

in a randomized complete block design. Sail preparation, basic fertilization, 
, 

seeding and thinning wel'e as in the anion growth experiment, , except ft~ p 

. ~ 

fertilization. The three rates of P were 0,332, 0,664 and 1,328 g of P- per 
, . 

pot. After 13 weeks of growth, onion bulbs were we1ghed. Bulbs ,and tops 
, , 

were prepared ~d analyzed for P lilnd Cu a~ desc:ç:ibed prevlously. 
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RESULTS ----- ! ,j ( 

< \ 

The half-life of pyrophosphatê in the humic mate rial wa~ approximatel~ 

2 days, ,as compared to 4 weeks in the limed mesic materi~l.(Figure 1). 

~orresPOndinglY, pyrophosphate hYdr01YjiS ~as 100% comp1eted in the humic 

materlal after 8 days of incuba~on, but on1y, 95% completed in the-Timed 

mesic material after 13 weeks of incubation. 

The 9ddition of hydrated lime to the mesie material decreased sign1fi-

eantly pyrophosphatase activity by 29%, and ~ater-extraetable pyrophosphate 

by 100% (Table 2)., The pH of tbe .Assay mixtures was 7,0, 6,1 and 6,9 with 

the humic, mesic and limed mesic mat~ria1s, respectively~ The humic materia1 
, , 

had greater pyrophosphatase activity than the unlimed and the 1imèd mesic 

material (Table 2). However, the limed mesic mate rial retained higher ~mrunts 

of pyrophoSi'hate against water extraction than did the hUlllic:! material. 'thus, 

the shorter half-life of pyrophosphate in the humic as compar~d with'the,iimed 
. 

mesic materia1 was consistent w1th higher pyrophosphatase activity'and lower 
fi' 

... ' 
PYJophosp~ate retenti~n in the humic than in the 1imed mesic material. 

During the first 5 weeks of development, onion seed01ings passed through 

5 phenologieal stages (Figure 1). However, at 1eek stage, only 2% of maximum 

growth was a,ttained'. Dry matt~r irtcreased to 90% of the maximum value frem 

the 5th to the l2th week, as a result of 1eaf growth between leek stage and 

fall of the first 1eaf, and of bulb growth frem bulb formatiop to bulb 

maturity. 
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In the period from leek st~ge to bJI.b maturity, 'relative values of' 'P 

'1. 

and Cu accumulate.d in plant mate-rial were higher than those. of dry-matter' 

production. .~etween the 5th and the 12th wee.k, the trend of P and Cu 

uptake was approximate.ly parallel to that of dry-matter production • 
• 1 

From the 6th week, the crop ac~Umulated increasing amounts o~ P a~d Cu 
• 

from the soil materials. 'By ~his time, âl! the'pyrophosphate applied to the - ' , \ 

humic material was completely eonverted into orthophosphate (Figure 1). In 

the limed mesic mate rial , however, one third .of the pyrophosphate applied 

was found to be.unhydrolyzed in incubatéd spil material o jThus, a difference 

in onion response, between K4P207 and K2HP04 should oecur pri~rily in the. 

limed mesic materials o 

. 
Bulb yield and P uptakè were not 'significantly .af!ected by the source 

Q 

of P, but were significantly influenced by the. soil material and the P 

'--level (Table 3). In contrast, Cu uptake Jr1a~ signifiéantly influenced by the 

source of P and' the soil material", but not bY"fhe P level. 

The. l~v~ of P influenced bulb yield apparently by"increasing P uptake 

'by plant material (Table 4), since P uptake increased linearly with increa~i~g 

rates of P applied to humic and limed mesic m~terials. However, bulb yield 

increased linearly in the humic mate rial but decreased linearly in the limed 

l'I'"mesic material with increasing P rates. Thus, P ~ould have reached 
\-"' .... 

excessive levels in onions grown ~n the limed mesic material 

. ' 

~i,' . " 
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The concentration of Pin/bulbs increased linearly with P rate$' (Table 
) 

4) • The P concentration in tops increased quad~atically with increasing P 
, . ~ 

rates in anions grown on the limed mesic material, but increased linearly 

with P rates itr onions grown on the humic material. At P concentrations of 

up ta 3,6% in bu.lbs and 2,5% in tops bulb yields of anions grown ort the 
" ' . , 

humic materia~ were not ~epressed. However, P concentrations of 4,0% in 

bulbs and 3,1i. in tops were related ta a reduction of Bi. in bulb yield of 

", 
onigns grown on the mesic material , .;lS compared with maximum ilyield. A 

/ 

10% reduction in bulb yields in thè limed mesic mate rial was related to 
. 

~ P concentrations of 4,4% in bulbs and 5,4% in tops. 

The i~~luence of P sourée on Cu uptake could be explained by the 

second-arder interaction (Table 3), which was significant at the 10% level 
"'-. 

(F2 ,55 = 2,56). Onions grown on the humic material had'similar Cu uptake 

values whatever the P source and the P level (Table 5).~ In contrast, Cu 
,( r.{I-J(~ 1 \ 

{J ln ,v-rJ 

uptake by onions grown on the limed mesic material were generallY,similar 

between the P $ources except at the lowest Prate. Thus, at a low rate 

of' P application to limed medc materiB;l J K4P 207-fertilized onion,s were 

.apparently less effective at taking up ~~~ than K2HP04-fertilized onions, 

although bulb yieids were comparabiJ a~ harvest. 

DISCUSSION AND CONCLUSIONS ---------------------. 
These results support the hypothesis that under warm soil conditions, the. 

efficiency of pyrophosphate as a source of P ta plants is equivalent, t~ that 

of orthophosphate (Sutton et aZ. 1966). The~rate rather than the source of P 

influenced yield until excessive levels of P were attained in the plant material. 

-84-

J 



1 . ' 
, 

.: 

1 

c:' 

1 

IJ " 

o 

According'to Loneragan et al. (1982), plants 1ikely to suffer from P toxiéity 
, 1 .. 

have shown'P concentrations from 1,2 ta 4,5% lin their leaves. Thua, it was 
, t 

apparent thit P concentrations exceeding 4,0; in hulbs and 3,1% in tops have 

reached excessive levels reducin,8 bulb ,yield significantly. 

'. 
\ 1 

Since P uptâke by onions was similar between the P sources in limed 
o 

'\ . . . 
me~ic materials despite partial pyrophospha~e hydrolysis ~ incubated materi~~s 

during bulo growth, factors related to plant growth coulp~ave inf1uenced ~ 

pyropho~phate aTail~bility. Plants could absorb pyrophosphate per se at a 

~ate that depends on P demand, whereas P demand by the plant could induce the 

production of.phosphatases by the root cells (Gilli~ 1970). 

The effect ~ calcium hydroxide on pyrophosphate hYdrOlyriS was impor

tant. The half-life values of pyrophosphate, computed from an empirieal , 

equation involving pyrophosphatase activity and amount of water-soluble 

pyrophosphate (see Chapter II), wére 2 and 1 days for the humie and the 

J un1imed mesic materials, respee~iVelY, as compared with 2 days and 28 days 

found for the humic ~nd the 1i~ed mesie materials, respectively. The empiri-

cal equation was not applicable ta the limed mesic mate rial s~nce the 

parameter values exceeded the boundaries of the equation, which were between 

-1 0,1 and 8,1 mmoLkg for water-extractable pyrophosp,hate and between 11,6 

-1 -1 and 148,1 mmol.kg .2h for pyrophosphatase activity. Thus, the decrease 

in hydrolysis rate of pyrophosphate upon liming the me~sie material was 

consistent with a decrease in pyrophosphatase activity 'and an increase in 

pyrophosphate retention. 
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The deereaae in'phosphatase aetivity upon liming vas related to a changé 
" 

in soil pH (Ha~:stead 1964) ~ presumably beyond the optimum pH of an acid phos-

phatase system. A pH increase of assay mi~tures vas also observed upon 
, J' 

llm1ng mesle materials. Rossner and Melton (1970) attribut~ the re~uction 
, ' -! 

of pyrophosphate hydrolysis upon liming acid mineral so11s vith 20 g CaC03 .kS 

to biologiea!, phosphatase-related, factors .rather than chemical changes in 

80ils, sincè CaCo
3 

had been incubated previously with 501ls for 3 weeks 

prior ta pyrophosphate additions: Rowever, Sharma (1977) found that pyro-

'phosphate retention increased vith increasing CaC0
3 

applications of up 

-! / 30 g.kg of sli.Shtly acid to neutrai mineraI 50115. Thus, the effe~Lof 

1 
j 

~. bydrated lime appli~'d to the mesie mate rial in this experiment was consistent 

vith the effect of other Iiming ~aterials on reducing pyrophosphatase activity 

and increasing pyrophosphate retention, as found for mineraI soils •. 

upon 

Since the decrease of water-soluble PYYOPhosPhate was considerable 

liming the mesie material , K4P207 coutd have reaeted promptly wit~ 

.hyd;ated lime to produce Ca-K pyrophosphates (Br~wn et aZ. 1964). However, 

the new!y formed Ca-K pyrophosphate would not alter to markedly less avai1able 
• c 

phosphates (Lehr et aZ. 1964), ~ince no significant difference in bulb yield 

and P uptake by onions was shown between the two sources of P. 

Consequently, pyro- and orthophosphate were equivalent sourees,of P 

for onions grown in organic soil materials under greenhouse conditions, 

although the hydro1ysis rate of pyrophosphate was relatively lo~ in the 

limed mesic material as compared with the humic material. Increasing P 
-t 

rates increased P uptake to leve1s that could reduee bulb yield significantly. 
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',QBxe.essive levels of P vere attaineq in plant materials whether pyrophosphate 

or ~rthophospnate wed the source of P. / 
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,Table ,1. Physical ~pd chem1c~l chara~t'~ristics of th~ humic and mesic 
materials1before liming and fertilization 

, . , 

~
., , ' 

J
-_ .. -- .. _-- ----------------------7---:~____:__--

" ", '... , 

~~~~~2~:~:~:i,c _~ _________ ~~~:.. __ .: ____ ~~_..:. __ _ 
~ , 

~ubbed fibers « 0,150 mm) (%) 

Bulk 'density (kgDL-1) 

Ash (%) 

6 

0,24 

18,5 

25 

, , 

pH (0,01 M CaC12) \ 6,0 2,7 

DA (1) -extractable P (mg. kg -1) 28 24 " -
, ~ 

'- ------------------------------~------------~------~--------------~~ - ---==:.:: \" -!l! 
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'j 
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~ Table 2.' Pyrop,hosphatase act1~Î'ty (me ans of 5 rep. CV - 8,8%) 
of wÂter-so1uble pyrophosphate (means of 2 rep, CV -
mesic,.limed meslc and humic mate rials 

t'"'t '. 

and amo\lJlt 
4,7%)'~n 

'---~-----...,.----------------------------:--.. 
c 

Haterials Pyrophosphatase Water-soluble 
aetiviiY pyrophosphate ' 

(mmol.kg- .2h-l ) (mmol.kg-~) 
l ',,, -1-- J 

--------~--_ .. ------------------~------- \ ---:--------------- ------- 1 

MeBle 

Limed mesic 

Bumie 

1 -
112,6 

9,0 

23,4 

7,0 

0..9 
1,3 

,II 

~ ____ ~ __________ ~_~ ______________________________ ?-____ • ______________ It 

Lad (a - 0,05) . , 

----~,----_._._----------------------_.------------.. --------------~----~~ l ' ' 
" " . 

.. , 

" - 1 , 
, . '\ . 

~. i' 
,l, 

"\ ~\ ", 
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,~\ ~-~~-
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1\ " " , 
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T4b1e 3. Analysis of variance of the influence of 'three rates of ?, appli
cation as K4P207 or 'X2HPO", on bulb yield, P and Cu uptake 'of 
OBions grown on humic or limed mesic mater,ials 

_J J --------------------;--------------::------,...---

J ~ 

" 

) 

Source of variation df Bulb ,-ield P uptake . Cu uptake 

------------,.-----, 
-_--__ ---__ ---.::... ________ .. _______ :::==2::!!!~_:======_ __ _ 

1 

Materia1 

P source 

P'leve1 

Material x P source 

~te~ial x P level " 
/ 

P source x P level-

Material x P source x 
P level 

o 

.", 

1 

1 

2 

1 

2 

2 

2 

139,58~Yr 

0',16 u 

0,84 

3,15 

5,33* 

1,24 

1,19 

321,73** 45,61** 
" 

0,51 4,54* :#0 

43,59** 0~08 

3,22 1,76 
) 

0,83 1,16 

0,29 1.67 
• 

, 0,24 2,56 

~----~~------~-------;;---__;;5,;---. ~84~~------~:~,6-----~-----
.' \ fi • 

-----------------.~~~-------~-----------~~-----------------~-----~ 
\ ~ . ... ' \ 

~, **: significant at the 0,05 and the 0,01 1eve1s, respec~ively 
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Table 4. 1 Bulb yield, P uptake and P concentrat1on~in onions fertilized 

G at three rates of P in humic and l~med mesic mater1als (means of 
6. replicatés) 

~~--~---------------------------------------------------------~--~------. 
Material P level 

(g Per pert:) 
Bulb yield . 
(g per pot) 

P uptake . % P in 
----~--------------\ (mg per pot) 'BulbS Tops 

-----r--~-------~~-----------~-----~-------.--~;------------------
.. , 0,332 133 56. 2,9 1,8 

Ht.tIIlÏe . 0,664 137 72 3,3, 2,2 
l, 32'à 162 - 95 3,6 2,5 

-------------~---------------------------~------~---~-----------------------
! 0,332 , 235 123 '----""""3,3 2,2 

Mesie 0,664 217 142 4,0 3<,1 
1,:)28 212 174 4,4 5,4 

, ~ 

----------~-----------------------------~----------------------------------
M-_______________________________ • _______________________________________ ~ __ 

Model ------~------------- F values ----------------------- • •. 1 55 . 
------------------------------------------~---~-----------------------------
Humic Linear 

Quadratte 
. 6,67* 

> 1.61 
85,99** 
'1,70 

74,56** 
0,06 

7,61** 
< 0,01 

------------------------------------~----------------------------------~---
Mesie . ~ Linear 

Quadratie 
4,10* . 
0,75 

(l) (1) 154,10** 
16,75** 

---------------------------------------~----------------------------------.. . 

CV (X) 15,2 J 15,3 9,9 21,5 

-r---L----------~------~~-----------------------~~-----------------------J ~ 0 ' • • 

(1) mat1ia1 x P level nonsignificant at the 0,05 level .' 
1 

J 
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Tabie 5. Cu uptake' by. onions grown on humic and liUled mesic materials ànd 
ferti1ized at three rates of K4P207 and K2HP04 

-----~----------_ .... _----------------------------
" /<1' Material P level ~~f~!,-ke _1!:!ILf~1!2!1 

(g per Jl0t-) K P 0 K HPO 1 

.. 

-- "M "Î - 'l"" 

--~ __ ~ ___ ~ ________ .J-~ __ ~~~ ______ ~ __ ~_~ _____ _ 

Humic 
0,332 
0,664 
1,328 

80 
90 

--80 

80 
SO-

100 

---------------------------~------------------------------~--------~---~-
0,332 <II 110 160 

Hes1.c 0 0,664 120 130 
1,328 120 r120 ______ ~ ________________ ...:__ _____ .!. ____ .J.__J. __________ _ 

• 
cv - 25,5% 

) 

if 

. -
.. , \ 

, ~-
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" 
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of pyrophosphate hydro1ysi~ ~n humi~ and me~ié mate rials (cv= 3%) 
297.), Cu uptake (CV= 28%) .a~d production of leaves and bul~s (CV= 
mesic mat~ial (means of ·four ta .seven replicates). . 1 

and rate of F uptake 
29Z) by onions gr~wn 
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The mechanism of pyrophosphate availability to'plants grown on organic 

80ils involved three major reactions: pyrophosphate 'r~tention, pyrophosphate 

hydrolysis and orthophosphate absorption. 

O~iC soil materials have shown little affinity for pyrophosphate re

tention. Although organic 50 il materials retained increasing amounts of 

pyrophosphate with increasing ash contents, this retentionocapacity was 

shprt-lived, sinee pyrophosphate was hydrolyzed rapidly to orthophosphate in 

a matter of days at room temperature. Nevertheless, ,it was apparent from 

stepwise regression analyses that increased pyrophosphate retention delayed 

enzymic hydrolysis an~ the production of orthophosphate. Indeed, pyrophos-

phate hydrolysis was primarily enzymatic in organic soil materials, as noted 

by activation energy values. Sinee the enzymic system was aeid'and apparently 

nonspecific, acid phosphatas es were probably involved in pyrophosphate hydro-

lyais. 

( 
Pyrophosphatase activity was inhibited' by Cu addition. Since pyrophos-

phatase inhibition by Cu to '80% of the reference value did' 'not produce 8igni

ficrnt deereases in pyrophosphate half-life values, the application of Cu 

at recommended rates should not reduce significantly the rate of pyrophosphate 

hydrolysis in organic soils. 

r 

However~ the heavy application of hydrated lime to acid ~esic materials 

not onl~ decreased pyrophosphatase activity to 55% of the original value but 

alao fcre~sed considerably pyrophosphate retention. Despite the c~n.equ~nt 
)dela~ in orth~phosphate production due to the liming material applied, the 
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rate of'P uptake by onions was equivalent-from pyrophosp~te - and 
\ 

orthophosphate - ferti1ized mesie materials. Since pyrophosphate and 

oithophosphate were a1so equiva1ent sou~cés of P for anions grown on humic 

material, it seems likely that the pyrophosphate hydrolysis process was 

an efficient pathway to increase P availability to plants in both fresh1y 

limed mesie and old cultivated humic materials. (( 

These studies indicate that: pyrophosphate would make an acceptable 
1 

P ferti1izer equivalent to or.thophosphate in organic soi1s of Eastern 

canada., 

Consequently, because-ôf rapid rates of pyrophosphat~ hydrolysis in 

organic soil materials compared with rate of P uptake by cropé, pyrophos-

o 

0 phate retention and hydrolysis rates did not'appear to limit pyrophosphate' , 
\ 

, 
..-availability ta plants grown on organic soi1s. ) 
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Appendix I 

Influence of suspension pH on pyrôphosphate (SPP) hydrolysis by three organic 
soil materials assayed.in a 0,2 M Tris-citric acid buffer 

--~---------------------------v--------------------------------------------
." Suspension pH.after incubation % of.maximum SPP hydro1ysis 

~ ----------------------------------------------------------------------------
Fibric Mesic aumic Fibric Megic Humic 
----------------------------------------------------------------------------

3,7 3,~ 3,9 . 29 ~~ 15 
4,1 4,4 4.2 36 19' él 
4,7 4,9 4,7' 63 45 27 
5,5 5,5 5,2, 87 62 33 '0 

5,9 6,1 5,9 100 88 55 
6,6 6,8 6,8 95 100 100' 
7,4' 7,6 7,6 57 53 83 \1 

7,9 8,1 7,9 24 43 54 
8,2 

. 
8,3 " 8,3 7 84 30 

8,5 8,5 8,6 0 12 25 
8,8 8,9 9,0 0 4 17 

----------------------------------------------------------------------------
FlO •ll values 

Coefficient of variation (%) 
2-34** 

8' 

23** 

20 

130** 

8 . . 
~--------------------------------------------------------------------------

1 . 
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Appendix II 

Influence of suspension pH on phenyl phosphate (PPP) hydrolysis by three . 
organic soi1 materfa1s assayed in a 0,2 M Trls-citric acid buffer 

----------------------------------------------------------------------------
'Suspension pH after i~cubation % of maximum PDP hydrolysi's' 
----------_._---------------------------------------------------------------
Flbric Mesie Humic Fibrie Mesie ,~ Humie 

, " 

---------------------------------------------_._--~-------~----~------~-----

3,3 3,3 3,4 
3,8 j,8 3,8 
4,3 4,3 4,2 
4,7 4,9 4,7 
5,5 5.5 5,4 
5,8 6,1· 6,2 
6,8 7,.1 7,2 
7,3 o '7,6 7,8' 
8,0 8,0 8,2 
~,2 8,4 8,4 
8,6 8,7 8,7 

Flo,n' values 

Cgefficient of variation (%) 

~ 20 
37 
68 

100 
68 
46 
26 
16 
6 
3 
1 

147** 

11 

. 

38 49 ;l, 

46 60 
67 62 
91 75 

100 76 
93 100 
75 100 
54 100 
30 87 
15 75 
12 61 

. 
296** 12** 

) 10 
-------,--------------------------------------------------------------------
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Appendix III 

. -1 
Classes of total Cu contents (mg.kg ) of 87 cu1tivated surface (0-20 cm) 

\ 

organic soi1 materia1s co11ected in Quebec in 1979 

----------------------------------------------------------------------------
• 

Class Number' Class N1BIlber Class Number 
------------------~---------------------------------------------------------

0--9 6 110-119 2 210:"'219 
, 

0 
10-19 26 120-129 1 220-229 0 
20-29 10 130-139 1 230-239 0 
30-39 13 140-149 0 240-249 0 
40-49 Il 150-159 0 250-259 0 
50-5'9 6 160-169 0 260-269 0 
·60-69 3 170-179 0 270-279 1 
10-79 3 180-189 0 280-289 0 
80-89 0 190-199 0 . ~ 290-299 9 •• 0 
90-99 2 200-209 0 300-309 1 
100-109 1 

" 
------------------------~---------------------------------------------------
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APpendi~V t J ·G: 
./ 

Total N, N-NH t, organic N -and N-N03 contents 
from Eastern ~anada (%) 

of 24 organic soil materials 

,," 

-----------------------------~---------------------------------------------
Material Tota1 N N-NH + Organic N-N03 

-
4 N 

----------------------------------------------------------------------------
1 0,6 0,1 0,5 0,0 
2 1,1 Q,l 1,0 0,0 ." 
3 \or 1,0 0,1 .0,9 0,0 
4 1,2 0,2 1,0 0,0 

-ej ~. 1,0 0,1 0,9 0,0 
6' 1,.1 0,0 1,1 

0,1 
1 1,3 0,0 ,3 0,1 
8 1,1' 0,0' 1,1 0,1 

~9 :1,8 0,1 1,7 0,0 
10, 1,4 0,0 1,4 0,1 
11 l,S. 0,0 1,5 0,1 
'12 1,8 0,0 1,8 0,1 
13 2,3 0,2 '2,1 0,0 

, l 

.' 14 2,4 0,1 2,3 0,1 . 
15 2,2 0,1 2,1 0,1 

t ' 16 1,9 0,0 1,9 0,1 
17 " 2,2 0,0 2,2 0,1 

~ • 'f 18 1 2,4 0,0 2,4 0,1 

~ ,19 2,8 0,0 2.8 0,1 
20 2,6 0,0 2,6 0,1 

t 
21 2,4 0,0 ' 2,4 0,2 
22f'J 2,6 0,0 2,6 0,2 
23 2,1 0,0 2,1 0,1 
24 . 2,5 0,0 2,5 0,.4 

~---------------------------------------------------------------------------
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1950 

'1973 

1976 

1977 

) 1977-
1979 
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" 

VITA 
.. ~ 

Born in Greenfield Park, Quebec 

B.S.A. from Laval University ( 

Two month visit to micromorpho1ogy centers in Paris, '"Wageningen 

~d Stuttgart 

M.Sc. in soi1 micromorphology (Histosols) 'under Dr. F.J. P~~of' 

Laval University 

" Agronomist for the Q~el>ec "Relance" development progr~e in Gaspésie 

and Iles-de-la-Madeleine 
/ 

1979 'Organie soil physicist, St-Jean Research Station. Two missiQn~ fot 
. , 

1 

the Newfoundland organic soil devèlopment project. 
/ 

1980 Tour of Quebec major organic sail deposits 

1983 Two week mission on peatland use in USSR under the Canada-USSR 

agricultural cooperation agreement 

1984 Attendance to the international peat congress held at Dublin . " 
1984 Ph.D. in soi1 fertility 
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