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ABSTRACT 

I n  New Z ealand , t h e  fer t i l i z er P requ i r ement s  of 

developed pas tur e , ma i ntained at a s teady level of 

produ c t i on , are cur ren t ly ca lcu lated us i ng a model wh i c h  i s  

bas ed on the concept that the s i z e  o f  the P cyc l i ng pool 

rema i ns cons tant . Con sequen t ly , fer t i l i z er P i s  requ i r ed 

o n l y  to replace P los t  from the cyc l e  through an ima l s  and i n  

t h e  s o i l .  A s o i l  t e s t  i s  requ i r ed to as s es s  whether the 

amoun t  of ava i lable s o i l  P is appropr i ate for the des i red 

level of produc t i on and to mon i tor the effectivene s s  of the 

ma i nt enance f er t i l i z er P programme i n d i cated by the model . 

A wat e r - extract ion procedure offers poten t i a l  as a soi l 

t e s t i ng procedure for t h i s  purpose . The water-extrac t i on 

procedure invo lves an extract ion per iod of 1 h and a so i l :  

s o lut ion rat i o  of 1 : 1 2 0 .  

I n  an i n i t ia l  eval uation i n  the glas s house wi t h  

2 0  s o i l s , water-extractable P was h ighly correlated wi t h  

plant uptake of P ( r  = 0 . 9o* * > .  Unl ike t h e  pred i c t ion by 

t h e  Olsen tes t , the p r ed i ct ion of p lant-ava i lable P us i ng 

wat e r  extract i on was not improved by inclus ion of an 

e s t imate of P buffer i ng capac i ty ( P  retent i on value or the 

s lope of the desorp t i on isot herm ) .  Con s equently , the water 

ext r a c t ion procedure may have advantages over other so i l  P 

tes t s  becaus e  the interpretat ion of the results obt a i n ed 

appea r s  to be i ndependent of buffer i ng capacity and soi l  

type . 

The effect of seasonal var iation s , s ampling depth , and 

f e r t i l i z er P add i t i o n s  on water -extractab le P values was 

i nv e s t igated i n  fie ld exper imen ts , involving two so i ls of 

contras t i ng P sorpt i o n  capac i ty ( Rami ha and Tokomaru ) under 

permanent pas ture ove r  1 2  months .  It was found that the 

leve l s  of water -extr a ctable P i n  soi l  wer e  a lways lower than 

those of Olsen-extractable P .  Over the 1 2 -month per iod , the 

average value of wat e r - extractable P i n  the unfert i l i z ed 

Ram i ha soi l ( 0- 7 . 5  cm depth ) was 1 . 8  �g g -1 soi l compared to 

the Olsen-extractabl e  P value of 1 2 . 6 .  The var iab i l ity 
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a s s oc iated with water-extractable P at each sampling time 

was comparab le with that for Ols en-extractable P .  However, 

the re lative seasona l var iation over 1 2  months was larger 

for water -extractab le P ( coef f ic ient of var iation = 2 3 %  for 

the Ramiha s oi l ) t han for Ol s en-extractable P ( coe f f icient 

of var i ation = 1 6 % for the Ram i ha soil ) . Both extractant s  

s howed a seasonal f l uctuation that was closely related to 

the pattern of pas ture P uptake . Low leve l s  of extractable 

P wer e  gener a l ly a s soc iated with autumn and spring f lus hes 

of pas ture growth , wh i le hig h  values were obta ined dur ing 

per iod s  of s low growth in wi nter . The level s  of water- and 

Olsen- extractable P were higher in samp les taken from the 

0 - 4 . 0  than the 0 - 7 . 5  cm samp l ing depth . For example , water

extractable P values of the unfertiliz ed Ramiha soil 

averaged over the 1 2 -month period were 3 . 7  and 1 . 8  �g g- 1  

soi l  for t h e  0 - 4 . 0  and 0 - 7 . 5  cm sampl ing depths , 

respect i vely . The relative var iabil i t y  of P level at each 

s ampl ing depth var ied between s o i ls . 
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Fert iliz e r  P add i t ion resulted in larger increa s e s  in 

water -extractable P in the 0 - 4 . 0  cm sampl ing depth than 

those in the 0 - 7 . 5  cm depth . Fur thermore , the ef fect of 

fertiliz er P on water -extractable P in the 0 -7 . 5  cm depth 

became undetectable within a few months of addit ion , inspite 

of the con t i nu ing response of pasture to fertil i z er P .  

Consequently , water-extractable P i n  s o i l  s ampled from the 

0 - 4 . 0  cm depth may better ref lect the effect of fertil iz er P 

addit ion than water -extractab le P in the 0 - 7 . 5  cm depth . 

The r e lative increase i n  water-extractable P as a resu lt of 

fertil i z er P add i t ion was larger than that of Olsen

extractable P .  At two weeks af ter 4 0  kgP ha-1 was added to 

both the and Tokomaru soils , water-extractable P 

( 0 - 4 . 0  cm depth ) was increas ed by 15 0 %  whereas the increase 

in Olsen-extractab le P was on ly 10 0 % .  

Although s easonal variations wer e  observed in both 

water - extractable P and s o i l  mic rob i a l  biomas s  P in 

unfertilized and f e r tilized s o i l s , they were not related . 

Neither were the seasonal changes in soil microbia l  biomas s  

P related to P uptake b y  pasture . It appears that microbia l  



biomas s  P may be a less sensitive index of soil P 

availability than previou s ly thought . 

The addition of lime in an incubation and a g las s house 

s tudy caused significant decreases in Olsen-extractable P 

but very little change in water-extractable P in two soils 

of contrasting P sorption capacities .  Decr eases in Ols en

extr actable P of approximately 2 0 %  were obtained for both 

soils of medium P status as a result of the addition of 

Ca ( OH ) 2 at rates equivalent to 2 , 0 0 0  and 6 , 0 0 0  kg 

CaC03 ha- 1 , respectively . No such decreases were found in 

plant data or other soil P tests . Evidence from a 

laboratory s tudy indicated that the dec line was a result of 

an artifact in the Olsen procedure by which ca lcium 

phosphates may be pr ecipitated unde r  the conditions of high 

ca lcium concentration and high pH . Resu lts from a fie ld 

experiment on a Tokomaru soil unde r  permanent pas ture over 

21 months also confirmed that liming caused a decrease in 

Olsen-extractable P .  In fact , a significant reduction of 

3 0 % in the Olsen-extractable P was still obtained at 21  

months after the application of 5 , 0 0 0  kg CaCOJ ha- 1 . 

Because water - extractable P values are muc h  les s inf luenced 

by soil pH , water extraction may h ave an advantage over the 

Olsen test as a s oil-tes ting procedure for limed soil s . 

A model of P sorption , bas ed on the Langmuir ads orption 

equation was u s ed to pr edict changes in water-extractable P 

in soils fol lowing P addition . The predictive ability of 

the model was s trongly inf luenced by estimates of sorption 

energy constants ( K )  for a high P -sorbing soil . Whereas for 

a low P-sorbing soil , es timates of sorption maxima ( b )  were 

more importan t . The predictions were satisfactory for 

a soil with high P sorption capacity but overestimat ed 

results were obtained for a low ·p-sorbing soil . A r evis ed 

mode l  was developed to use phosphate retention ( PR )  test 

data a s  an e s timat e  of b .  When tested on a group of 

1 6  s oi l s  with a wide range of P s orption capacities ,  very 

good predictions ( r  = 0 . 8 4 * * > of changes in water

extractable P following P addition were obtained . It was 

found that , in some soils , the amounts of P extracted by 
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water were s t i l l  chang i ng rapidly at 1 h but the rate of 

change became s ign i f i cantly sma l ler at 24 h .  Improved 

pred i ct ions by the mode l  ( r  = 0 . 9 1 * * > were obta ined with 

an extract ion per i od of 24 h compared to the or iginal 1 - h  

per i od . W i t h  such a model l i ng approach ,  i t  may be pos s i b le 

to use the water -extraction procedure to determine whether 

fert i l i zer appl ication rates are in excess of the ca lcu lated 

ma i n tenance requ irements and a l s o  to quan t i fy th i s  e s t imate . 

In  a study us i ng a double- labell i ng techn ique des igned 

to character i se soi l P ,  the so i l  was i ncubated wi t h  3 3 p  for 

a r elat i vely long per i od of time ( 5 1 days ) and 3 2 p for 

a relat i vely s hort per iod of t ime ( 5  days ) .  The 3 2 p : 3 3 p  
rat ios i n  the Olsen and water extracts o f  the high P-sorbing 

Egmont so i l  showed a contra s t i n g  pattern to that of the low 

P-sorb ing Tokomaru so i l .  An i n i t ial as sumption of the 

techn i que i s  that as the exchangeabi l i ty of soi l P 

decreas e s , so shou ld the rat io of 3 2 p : 3 3 p . The unexpected 

lower 3 2 p :3 3 p  rat ios in the water extract as compared to the 

ratio in the Olsen extract of t he Egmont so i l  appears to be 

con s i stent with the larger d i f f erence between the amounts of 

water- extractable P and those of Olsen-extractable P wh i ch ,  

i n  turn , seem to ref lect the r a t i o  of loosely-held P to more 

t ightly-he ld P .  A lower 3 2 p : 3 3 p  ra t i o  i n  the water extracts 

can occur when the exchange of 3 2 p between the s o i l solut i on 

and the sur face has s lowed down and the 3 2 p is red i s t r i buted 

among var i ous surface groups . 

The 3 2 p :3 3 p  ra t i os of ryeg ras s grown on the labe l led 

s o i ls wer e always lower than the ra t i os of wh ite clover , 

i nd i ca t i ng that ryegrass can remove P f rom more t i ght ly - he ld 

s o i l  P than can wh i te clover . Th i s  may be due to the 

a b i l i t y  of ryegra s s  to explo i t  P f r om d i f f erent so i l  P pools 

a s  we l l  as the larger deple t i on of so i l  P by ryegras s .  
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