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ABSTRACT 

A det a i led study of  the " above - " and "below-ground" components of  the 

phosphorus ( P )  cyc le was carried out in the North I sland hill count ry 

of New Zea land . The e ffect of  P fertiliser rate and degree of  land­

s lope on pasture P uptake , faecal P return and changes in soil P 

f ract ions wa s examined over a three yea r  pe riod . 

P lant P upt ake was found to decrease with increas ing s lope and 

increase with increas ing rate of P fertiliser .  The changes in plant P 

upt a ke we re a function o f  changes in both dry matter ,yield and pasture 

P concent rat ion . Pa sture on campsites which initially had a high 

Olsen P status (>30) showed an unexpected appa rent P response in both 

dry matter yield and plant P uptake . This response result s f rom an 

a rt e fact of the t rial des ign whereby P fert iliser was applied to whole 

paddock s . The result ing improved nit rogen status of  s lopes at high 

rates of P fert iliser c reated abnorma lly high soil nit rogen levels on 

camp s i te s ,  leading to ve ry high levels of production . These f indings 

a re o f  s igni f icance in relat ion to soil fert i l ity field t rials 

conducted on individual slopes in hill coun t ry . Over the three yea r  

period o f  the t rial seasonal plant P uptake fol lowed the orde r :  spring 

� summer > autumn > wint e r ,  irrespect ive o f  s lope category, fert iliser 

rate or grazing regime . 

The dist ribut ion o f  faecal material was found to be markedly a f fected 

by s lope and approximately 6 0 %  of the material deposited in each 

paddock was returned to camps ites . In  the rema inder o f  the paddock,  



faecal P return dec reased by at least 5 0 %  with each 1 0 ° increase in 

s lope . 
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Paddoc k  faecal P concent ration (FP % )  was predicted from the pre-grazed 

pasture P concent ration ( PP % )  ( ca lculated on a paddock bas is ) us ing 

the relat ionship : 

FP%  3 . 1 9 P P %  - 0 . 0 9 ( r  0 .  9 4  **) . 

Net P balance ca lculations for various s lope group categories showed 

that deficits between plant P upt ake and faecal P return increa sed 

with increas ing s lope but were little affected by increas ing P 

f e rt i l iser rate and consequent increase in stocking rate . This 

f inding ve rifies the use o f  a single anima l loss factor for a given 

t opography, irrespect ive of sheep stocking rate,  in the Ministry of 

Agriculture ' s (MAF ' s )  Computerised Fe rt i liser Advisory Scheme ( CFAS ) 

for P .  

Measurements o f  faecal dist ribut ion in this trial sugge sted the use o f  

a lowe r  anima l l o s s  factor ( 0 . 5  k g  su- 1  of P )  for "Easy" hill  country 

than that used currently ( 0 . 7  kg su-1 of P) in the CFAS model . 

I ndependent studies on the rate of P cycling from faeces were 

conducted . The study investigat ing breakdown o f  faecal material 

revealed that phys ical dis integrat ion o f  faecal material is likely to 

occur before chemical decomposition . In winter condit ions faecal 

material dis integrated within a month ;  in s ummer conditions 
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dis integrat ion took approximately three months . I n  both seasons 

material on camps ites di sintegrated mo re rapidly than that on steepe r 

s lopes .  

A further study us ing radioisotopes in the field found that the short ­

term plant availability of inorganic faecal P was approximately half 

that of monocalc ium phosphate ferti liser over a two month period in 

the spring . 

I n  a study on the " below-ground" components o f  the P cycle total soil 

P was found to increase with increas ing rate of P fert i l i ser . The 

magnitude of these increases decreased with increa s ing s lope and 

depth .  

I nc reases in organic P were found to be higher on campsites than 

steepe r s lope s . On campsite s ,  the extent of  increase in organic P 

decreased with increas ing rate of  P fertiliser . 

Inorganic P increased with increas ing rate o f  P fert iliser on a l l  

s lopes ; the magnitude of  the increase dec rea sed with increas ing s lope . 

At low rates o f  P fertiliser a dec rease in inorganic P was measured on 

steep-s lopes ove r t ime indicat ing that P inputs were not ba lancing P 

outputs . 

A change in the non-occluded P fract ion accounted for the greatest 

proport ion of  t he change in inorganic P on most s lopes . The fact that 

calcium-bound P accumulated on all s lope s ,  and that l a rge increases 



were evident at high rates o f  P fertiliser suggested that this 

fraction was not playing an act ive part in the P cycle but was 

accumu lat ing as an insoluble res idue from superphosphate . 
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The plant ava i lability of soil P fractions wa s invest igated in a 

glas shouse study . Total plant P upt ake was found to be highly 

correlated with init ial levels of total P ( r  = 0 . 92 ) , non-occluded P ( r  

= 0 . 8 2 ) , inorganic P ( r  0 . 9 1 ) , Olsen P ( r  = 0 . 9 3 )  and wate r­

ext ract able P (r = 0 . 9 7 ) . Leve ls of organic P ,  occluded P and 

calcium-bound P were found to be es sent ially unchanged by plant growth 

over the eleven month t rial pe riod . 

Changes in the s i ze o f  the cycl ing soil P poo l we re examined by 

· combining results from the field t rial with those from the glas shouse 

study . At low rates of P fert iliser ( 1 0 kg ha - 1 ) ,  increases in 

occluded P and calcium-bound P ( i . e . ,  unavai lable inorganic P )  in the 

0 - 1 5  cm depth were occurring at the expense o f  available P .  At a high 

rate of P fert i l iser ( 1 0 0  kg ha- 1 ) approximately two thirds of the P 

applied remained in the available form .  

O n  a n  annual bas is , Olsen P increased with a n  increas ing rate o f  P 

fert i l iser and dec reased with increas ing soil depth and s lope . Over 

the period o f  the t ri a l  Olsen P decreased s ignificant ly at the lowest 

rate o f  P fert i l iser ( 1 0 kg ha- 1 ) and increased s ignificant ly at the 

highes t  rate ( 1 0 0  kg ha- 1 ) on the two s lope groups studied . This 

indicated that these a reas were not at " equilibrium" as defined by a 

stable Olsen P .  At moderate rates of  P fert iliser ( 2 0  and 3 0  kg ha- 1 ) 
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it was not pos s ible to determine whether or not equ i l ib rium condit ions 

existed a s  the annual va riability in Olsen P wa s too h igh . 

An attempt was made to determine soil P losses ( a s  de f ined by the CFAS 

model ) at  the t rial  s ite . Despite intens ive and careful soil s ampling 

Olsen P could not be used to determine "equ ilibrium" condit ions which 

a re a pre- requisite for me asu rement of soil P loss . Th is f inding 

prevented va lidat ion of soil  loss factors on this h i l l -country s ite . 

Data generated from the la rge f ield trial for " above - " and " below­

ground" components of  the P cycle enabled recommendat ions to be made 

on the locat ion of suitable soil  samp ling s ites and a l s o  on the 

locat ion of priority a reas for application of P fert i l i ser in grazed 

h i l l  country . 
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