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ABSTRACT 

Future trend s in New Zealand cropping, anticipate an 

increased use of fertilizer nitrogen (N). In order to more 

efficiently utilise N in cropping systems, a better 

understanding of the N processes_ and their significance under 

New Zealand conditions, is required. To achieve such 

understand ing, several small scale experiments were conducted . 

Preliminary experiments, investigating the fate of N- 15 

urea applied to barley and oats, were conducted using soil 

cylinders. Total recovery of N- 15 in plant and soil components 

varied between 50 to 90 percent. Initial urea N 

transformations were rapid, and most of fertilizer N uptake by 

plants occurred in the first five -weeks follo\ving its 

application at sowing . Plants took up a greater proportion of 

their total N as native soil N. N- 15 assay on soil and plant 

samples containing N-15 in excess of about
· 

l a tom percent, was 

performed sa�isfactorily with emission spectrometry� The data 

obtained by the use of soil cylinders, were representative, 

particularly of short term field behaviour. 

A five-week study was undertaken to account for the extent 

and pattern of immobilisation and leaching of N- 15 urea applied 

to a barley crop. Two irrigation treatments (wet and normal) 

were imposed. App�oximately 90% of the applied N was 

recovered .  One week after application, 86% of urea N had been 

hydrolysed, while after two weeks 36% of it had been 

immobilised into organic matter. The increased leaching of � 
from the wet lysimeters compared with the normal lysimet�rs was 

at the expense of plant N uptake, havirig little effect on the 

amount of N immobilised. Net mineralisation of native soil N 
was calculated QS 1 . 2 kgN/ha/day. 

Using the d ata obtained from the preceding investigation�
· 

a five-week N model was d eveloped. The model successfully 

predicted the increased leaching of fertilizer N from the
· 

wet 

compared with the normal lysimeters. The reduced plant uptake 

of fertilizer N, resulting from this increased leaching from 
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the wet lysimeters, was also quite successfully modelled. The 

model indicated that the amount of fertilizer N leached was 

strongly dependent on the timing of rainfall in relation to the 

time of fertilizer application . 

A crop season model was developed by extending the 

five-week model to cover a full growth season of a barley crop, 

and the model was verified with data from a large scale field 

trial. The model prediction for N leaching losses, 

demonstrated better accuracy than for plant N uptake . The 

model has the potential to provide a continuous evaluation of 

possible adverse effects caused by unanticipated factors such 

as excessive rainfall, on plant N uptake . 

The crop season model was further developed to predict 

long term changes in the N cycle of a d�uble cropping system, 

in a soil that was previously under pasture . The model 

predicted quite accurately the N loads as well as the N 
concentrations in tile drainage �ffusing from experimentil 

field plots . In general, the measured and predicted data for 

nitrate concentrations in tile drainage of field plots 

indicated that nitrate concentrations in tile effluent usually 

exceed 15 to 20 m�N/litre, regardless of fertilizer addition . 

The addition of fertilizer could increase these levels two-fold 

but only for a short time . The utility of the model as a 

research tool was illustrated . 
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CHAPTER 1 

INTRODUCTION 

I n  many New Z e a l and f a rm i ng d i s t r i c t s , a g r i c u l t u r a l  

c r ops a r e  g r own i n  s h o rt term r o t a t i o n s be tween pe r i o d s  i n  

pa s t u r e s . Consequ e n t l y , b i o l og i� a l l y  f i x ed n i t r og e n  ( N )  

i npu t s  f r om the p a s t o r a l  ph a s e o f  the r o t a t i o n  c a n  b e  u s ed 

by the c r o p s  w i th o ut r e c o u r s e t o  N f e r t i l i z e r s .  The r a p i d  

i nc r e a s e  i n  c ap i ta l  c o s t  f o r  l a nd a nd f a rm mach i ne r y  i s  

p r omot i ng i nten s i v e  c r opp i ng ,  wh i ch d i s r u p t s , .  i n  s ome c a s e s  

perma nen t l y ,  t h e  pa s tu r e - c r op sequenc e . A f ter g ro w i n g  two 

o r  th r e e  s ucce s s i ve c r ops , N d e f i c i en ci i n  s u ch f a rm i ng 

sys tems dev e l o p ,  even o n  s o i l s  that were  i n i t i a l l y ,  

r e l at i ve l y  h i gh i n  o r g a n i c  matt e r  statu s ( Se a r s  e t  a l  1965; 

Doug l a s  e t  al 1972 ). Ev e n t u a l l y ,  the a tta i nment o f  h i gh 

l e ve l s  o f  c r op p r o d uct i o n  w i l l  r e ly o n  c o nt i n u a l  u s e  o f  

ferti l i ze r  N ,  a s  i npu t s  o f  b i o l og i c a l l y f i xed N f r om the 

p a sto r a l  ph a s e  a r e  r educed. 

Add i t i on a l l y, l and use i n  New Z e a l and i s  chang i ng . Due 

t o  the r ec e n t  p r o spect of i nc r e a s ed e x po r t  e a r n i ng s  f r om New 

Ze a l and ho r t i c u ltu r a l  pr od ucts , f i r st c l a s s  c r o pp i ng s o i l s  

a r e  now m o stly u s ed f o r  h o rt i c u l t u r a l  c r o pp i ng . Th i s  c h a n g e  

i n  l a nd u s e  h a s  r e d uced t h e  a r ea o f  f i r s t  c l a s s  s o i l s  f o r  

g r ow i ng a g r i c u l t u r a l c rop s , a nd i nc r e a s ed the c r o pp i ng u s e  

o f  s e c o nd and th i rd c l a s s  c r opp i ng s o i l s .  G r e a t e r  i np u t s  o f  

N fe r t i l i ze r  wo u ld the r e f o r e  b e  r equ i r ed t o  ach i ev e  o p t ima l 

y i e l d s  o f  a g r i c ul tu r a l  c r op s . Ho r t i c u ltur a l  c r o p s  a l so n e ed 

l a rg e  amo unts o f  N fe r t i l i z e r s , notw i thsta nd i ng the h i g h e r  

f e rt i l i ty sta t u s  o f  f i r s t  c l a s s  s o i l s  • . 
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E s t i m a ted p r ed i c t i o n s  ( Me n z i e s  1980) i n d i cate th a t  t h e  

amo un t s  o f  N f e r t i l i zer u s ed i n  New Z e a l a nd a g r i c u l tu r e  a nd 

hor t i c u l t u r e, c o u ld t r eb l e  w i th i n the next d e c ad e ,  w i th o u t  

a ny s ub s t a n t i a l  i nc r e a se i n  t h e  l and a r ea u n d e r  c r o pp i ng . 

In t e n s ive c r opp i ng p r a c t i c e s  tend t o  l o c a l i s e i n  a r e a s  

w i th a p p r o p r i a te s o i l s  a n d  c l ima t e s ; b a r l e y  i n  the 

Manawa t u , whe a t  in  S o u th l a nd , ma i ze in  t h e  - Wa i k a t o , a nd 

h o r t i c u l t u r a l  c r ops  i n  S o u t h  Auck l a nd . I f  fe r t i l i z e r  N 

qua n t i t i e s  app l i ed a r e i n  exc e s s  o f  c r op s ' d emand , d r a i n a g e  

f r om s u c h  i n te n s ive f a rm i ng d i s t r i c t s , c o u l d  c a r r y exc e s s i ve 

n i t r a te l o a d s  i n to the wa t e r ways . Exc e s s i ve n i t r a te l o ad s  

i n  w a t e rways c o u ld c a u s e h e a l th h a z a rd s l i k e  

m e t h a emo g l o b i n aem i a  i n  y o u n g  bab i e s  a n d  l ive s to c k , a nd o t h e r  

e nv i r o nme n t a l  p o l l u t i o n p r o b l ems such a s  e u t r oph i c a t i o n  o f  

n a tu r a l  w a t e r s  ( Keeney 1982) . Thu s , N man ag emen t  i n  t h e  

i n te n s i ve c r opp i ng f a rm s  h a s  a d u a l p r o b l em ; ( i )  o p t ima l N 

s ho u l d  b e  a pp l i ed to the c r ops so th a t  y i e ld s  a r e  n o t  

s upp r e s s ed d u e  t o  exc e s s i ve o r  d e f i c i e n t  N f e r t i l i z a t i o n , 

a n d  ( i i )  s uch N f e r t i l i z a t i o n  p r a c t i c e s  s h o u l d  n o t c r e a t e  

e nv i r o nme n t a l  po l l u t i o n  p r o b l ems . 

I n  o rd e r  t o  mon i to r  o r  manage N i n  c r o p l a nd s , a n  

u nd e r s t a nd i ng o f  the f a te o f  appl i ed N i s  e s s en t i a l . Tow a r d  

th i s  e n d , N b a l a nc e  s t ud i e s  h ave b e e n  va l uab l e  i n  

i d e n t i f y i ng mec ha n i sms o f  N t r an s f e r  a nd i n  i nd i cat i ng the 

s i ze o f  N p oo l s  i n  s o i l -p l an t  s y s tem . Such s t ud i e s , 

howeve r , g ive o n ly s ta t i c  a c c o un t s  o f  the N g a i n s , l o s s e s , 

a nd t r a n s fe r s ; a nd s uch s t a t i c  a c co u n t s  c h a r a c t e r i s t i c a l l y  

depe n d  o n  the p r eva i l i ng e nv i r o nme n t s  d u r i ng the 

expe r i m e n t a t i o n . Th i s  l im i t s  the a pp l i c a t i o n  o f  

expe r im e n t a l  r e s u l ts to o th e r  s i te s whe r e  t h e  e nv i r o nmen ts 
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w o u l d  be d i f f e r en t . The u t i l i ty o f  N b a l a nc e  s t ud i e s  i n  N 

managemen t  p r a c t i c e s , wo u l d  be enhanced i f  the r e s u l t s  f r om 

s uch s tud i e s  c o u l d  be u s ed t o  devel op p r e d i c t i ve m od e l s  o f  

the N beha v i o ur i n  the s o i l -p l a n t  sys tem . Such p r ed i c t i v e 

mod e l s  would f i nd u s e  i n  N f e r t i l i z e r  r equ i r emen t mod e l s  

tha t a r e based o n  f i e l d  t r i a l s , and/o r i n  the ev a l u a t i o n  o f  

n i t r a te l o ads i n  a g r i c u l t u r a l  d r a i n age wa t e r . 

A l l i son ( 1 9 5 5 ,  1 9 6 6 )  repo r ted ex t e n s i v e r ev i ew s  o n  the 

N b a l a nce e x p e r imen t s  a nd f o u nd that quan t i t a t i ve d a t a  we r e  

u s u a l l y l ack i ng f o r  N l e ach i ng and N g a s e o u s  l o s s es. Toda y , 

N b a l a nce r e s u l ts a r e  m o r e  c omp l e te a nd a c c u r a t e  ( L egg and 

Me i s i ng e r  1 9 8 2 ) , ch i e f l y  d ue to  the w i d e - s p r e ad use  of  N - 1 5  

: tech n o l ogy . S u r p r i s i ng ly , f o r  a c r o pp i ng sys t em , n o  N - 1 5  

b a l a n c e  e xper ime n t  h a s  been r epo rted i n  New Z e a l a n d , wh i ch 

g i v e s  a comp l e te a c c o un t i ng o f  a l l  the_N tr a n s fers a nd p o o l s  

i n  a s i ng l e e x p e r imen t . N b a l a nce r e s u l t s  ob t a i ned over s e a s  

(ma i n l y  USA ) , a r e  n o t  d i r e c t l y  app l i c a b l e  t o  New Z e a l a nd 

ag r o - c l ima t i c  c o nd i t i o n s , bec ause , a l th o ug h  many o f  the 

b a s i c  proce s se s  may r ema i n  the s ame , the env i r o nmen t may 

mod i fy the r a te s  of the s e  p r o c e s s e s  t o  such an e x t e n t  tha t  

the i r  r e l a t i ve impo r t a nce may change c omp l e te ly .  Mea n i ng f u l  

p r e d i c t i ve m od e l s appl i c ab l e  t o  New Z e a l a nd c o nd i t i o n s  c a n  

o n l y  b e  d ev e l o ped i f  a c cu r a t e  N b a l a nc e  d a ta a r e  a v a i l ab l e  

f o r New Z e a l and c o nd i t i o n s . 

The b r oad o b j ec t i ve s  f o r  th i s  s t udy a r e  t o  

( i )  d e t e rmi ne a N - 1 5 ba l ance f o r  N - 1 5  l a be l l ed u r ea 

app l i ed t o  a b a r l ey c r o p ; 

( i i )  deve l op , v a l i d a te and whe r e
' 

po s s i b l e  v e r i fy ,  a 

s impl e  mech a n i s t i c  N m od e l  f o r  a cro pp i ng sys t em to 

wh i ch N i s  add ed. 
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2 A . l Me tho d o l ogy o f  f e r t i l i z e r  N b a l a nc e  expe r i men t s: 

Fe r t i l i z e r  N balance e x pe r imen t s , u s i ng N-15 e n r i ched 

ma ter i a l s , o n  c o nvent i o n a l  s i z e f i e l d t r i a l p l o t s  a r e  

proh i b i t i ve i n  t e rms o f  c o s t  o f  N-15 i s o tope . On the o th e r  

hand , f i e ld e x pe r i me n t s  using the less c o s tly N-15 dep l e t ed 

fe r t i l i z e r , have been c o nd u c t ed econom i c a l l y on p l o t  s i z e s  

comp a r ab l e  t o  t h o s e  u s ed i n  c o nve n t i o n a l  f i e l d  e x pe r i m e n t s  

a s  r e p o r ted by B r o adbent a nd C a rlto n (19 7 8 ) . They mea s u r ed 

c r o p  u p tak e o f  f e r t i l i z e r  N with e a s e , b u t  the m ea s u r emen t 

o f  r e s i d ua l  N-15 i n  a s o i l  w i th mod e r a te o r g a n i c  N c o nte n t  

( 0 . 1% ) , c o u l d  n o t  b e  made a s  the N - 1 5  dep l e ted f e r t i l i z e r  

l o s t  i t s i s o to p i c  i d e n t i ty ,  t h r ough e n r i chmen t  t o  bas e l i ne 

l eve l , b y  the i nd i g en o u s  s o i l  o r gan i c  N. S i nc e  m o s t New 

Z e a land s o i l s are r e l a t i ve l y  h i g h  in o r g an i c  N c o n t e n t  

(>0.1%), f e r t i l i ze r  N b a l an c e  s t ud i e s  wo u l d requ i r e t h e  u s e  

o f  N-15 e n r i ched f e r t i l i z e r s . The h i gh c o s t  o f  N-15 

e n r i ched c ompo und s r e s t r i c t s  the s i ze o f  e xp e r imen tal p l o t s  

t o  sma l l  a r eas . 

2A . l . l  Sma l l  sca l e  e xpe r imen t s  

( a )  M i c r op l o t s  a nd s o i l  c y l i nd e r s 

Seve ral s t ud i e s  o n  the f e r t i l i z e r  N b a lance i n  c r opp i ng 

s y s tems ( C a r te r  e t  a l  1 9 6 7 ;  P a t r i c k  and Reddy 1 9 7 6 ; K i s s e l  

e t  a l  1 9 7 7 ;  Kow a l en k o  e t  a l  1 9 7 8 ;  K i s se l  and Sm i th 1 9 7 8 ;  

Ol son e t  a l  1 9 7 9 ; Ol s o n 1 9 8 0 )  h a ve been c o nd u c ted u s i ng 

N - 1 5  e n r i c hed fe r t i l i z e r s  appl i ed t o  m i c r opl o t s . I n  the 

study by Ol s o n  ( 1 9 8 0 ) , berms we r e  bu i l t a r o und s q u a r e  p l o t s  
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me a su r i ng 12 . 7  m 2 e a c h  and N-1 5 enr i ched ammo n i um s u l ph a t e , 

d i s s o l v ed i n  w a t e r , w a s  a p p l i ed eve n l y  o v e r  each s q u a r e. A 

m e t a l  b ox 7 1 0  x 710 x 1 0 0  mm wa s p l a c ed o n  the s u rface  i n  

the c e n tre o f  each p l o t  to p r ev e n t  l a t e r a l  m o v em e n t  o f  

n i t r og e n  w i th s u r f a c e  wa t e r . I n  o th e r  s t ud i e s , me t a l  boxe s 

o r  cy l i nd e r s  w e r e  -pu sh ed i n to the s o i l  to p r even t l a t e r a l  

m o v eme n t  o f  N w i th b o t h  s u r f a c e  a n d  s u b s u r f a c e  wa te r . O l s on 

e t  a l  ( 1 9 7 9 )  establ i shed m i c r op l o t s  i n  f i e ld s o i l  by p u sh i ng 

o p e n - e nd ed m e t a l  b o x e s , o f  s i ze 5 3 4  x 4 7 0  mm to a d ep t h  o f  

1 . 4 2 m ,  w i th a l a r g e  hyd r a u l i c  r am .  I n  the s tudy by K i s sel  

e t  al  ( 1 9 7 7 ) , s te e l  bo x e s  o f  s i z e 6 4 0  X 6 4 0  mm we r e  f o r c ed 

i n to the f i e ld s o i l  t o  a d e p th o f  8 7 0  mm w i th a s t a t i c l o ad 

o f  we i g h t s as d e s c r i bed by Tacke t t  et a l  ( 1 9 6 5 ) . Two o f  

t h e i r  m i c r o p l o t s  w e r e  f o r ced o u t  o f  s h ape when p r e s s ed i n t o  

t h e  s o i l , s ug g e s t i ng tha t t h i s  t e ch n i qu e  c o u l d  b e  u n s u i t a b l e  

a s  d e s h ap i ng o f  m i c r op l o t  r im s  c o u ld c a u s e  c ompa c t i o n ,  

r ed uc e  wa t e r  m o v em e n t  and c r e a t e  t empo r a r y a n a e r ob i c  

c o nd i t i o ns f o r  d e n i t r i f i c a t i on . Ca r t e r  e t  a l  ( 1 9 6 7 )  u s ed 

c y l i nd e r s  o f  6 0 0  a n d  3 0 0  mm d i am e t e r  tha t  we r e  p u s h ed i n t o  

the s o i l  to d e p t h s  o f  6 0 0  and 4 5 0 mm r e s pec t ive l y . They 

s h o wed tha t the r e  we r e  i n s i g n i f i c a n t  d i f fe r ences i n  the 

f er t i l i z e r  N b a l a nc e  r e s u l t s f o r  s u d a ng r a s s  ob t a i n ed from 

t h e  two d i f fe r e n t  s i ze s  o f  m i c r o p l o t s . C o n s i d e r i ng the 

p r ac t i c a l  d i f f i c u l t i e s  i n  p l a c i ng l a r g e  s i ze cyl i nd e r s  i n  

und i s t u rbed s o i l  a nd t h e  i nc r e a se d  c o s t  o f  N - 1 5 i so tope , 

sma l l  s i z e  c y l i nd e r s  appea r  mo r e  s u i t a b l e  f o r  f e r t i l i z e r  N 

b a l a n c e  s t ud i e s . 
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( b )  Lys ime t e r s  

L y sim e t e r s  a r e  r eq u i r ed i f  meas ur emen t s  o f  n i t r ogen 

l e a ch i ng l o s s e s  i s  i nc l uded in the o b j ec t i ve s  o f  a N- 1 5  

b a l anc e s tudy . 

c onduc t ed f o r  

L a r g e  lys i m e t e rs h a v e  been used i n  s t ud i e s  

one o r  t wo s uc c ess ive c r o pp ing p e r i od s  and 

w i th c rop s s uch as c o rn that ne ed l a r g e  v o l ume s o f  s o i l. 

Owens (1960 ) s t ud i ed the f a te o f  N-15 enri ched f e r t i l i z e r  

appl i e d  t o  a c o rn c r o p  i n  mono l i th lys imeter s t h a t  we r e  

abo u t  a me t r e  i n  d i am e t e r  a nd a me t r e  i n  depth . Ch i c h es t e r  

e t  a l  (1978) a l s o  s t ud i ed t h e  f a t e  o f  N-1 5 f e r t i l i z e r  

appl i ed to two s u c ce s s i ve c o r n  c r ops u s ing mono l i th 

l y s i m e te r s  t ha t  were 2. 44 m d ee p  and had a s u r face a r ea o f  8 

m 2 . H o lmes  et a l  (1967) and S c a t t e r  e t  a l  (19 79 ) h a v e  

r epor ted t h e  u s e  o f  sma l l  l y s  ime t e r  s ( 9 1 i t r e  capac i ty )  o f  

mono l i th type i n  the i r  s t ud i e s  o f  s o i l  wa ter  ba l anc e f o r  

pa s t u r e s . S u rp r i s i ng l y ,  u s e  o f  sma l l  lys imete r s  i n  

f e rti l i ze r  N ba l anc e s t ud i e s  f o r  c r opp i ng sys tems h a s  no t 

been r e p o r ted . 

Lys imete r s  a r e  e i th e r  the f i l l ed - i n type o r  the 

mono l i th type c ont a i n i ng und i s t u r bed s o i l .  Ha r r o l d  and 

Dr e i b e lb i s  ( 196 7) s ug g e s ted the u s e  o f  mono l i th l y s i meters , 

i n  o r d e r  to k eep the s o i l  i n  a l y s imeter i n  its  o r i g i na l  

und i stu r bed c ond i t i on s o  that the hyd r o l og i c  behav i o u r  o f  

the s o i l  i s  not s e r i ou s l y  a lte r ed . A l so s u ch mono l i th 

lys ime t e r s  sho u l d  be we i g h ab l e  i f  e st i mate s o f  

evapotr ans p i r at i on (ET) a r e  r e qu i r ed . In f i�ld stud i e s , a 

we i g h i ng l y s imeter i s  i nsta l l ed by p l a c i ng the l y s i mete r 

c onta i n i ng the s o i l  b l o ck ins i d e  a ta nk o r  l i ne r th at 

r e t a i ns the s u r r o und i ng s o i l  ( Mc i l r oy and Ang u s  196 4 ). 

Tanne r ( 1967) s u g g e sted th at the s i ze o f  a lys i mete r s h o u l d  
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be such that the a r e a  o f  the lys imete r  s o i l  s u r face i s  l a r g e  

c ompar e d  with t h e  a r e a  o f  t h e  g ap be tween t h e  l y s i me t e r  

c o n t a i ne r  a nd the l i ner  ( wa l l - g ap a r e a ) . He i nd i c a t ed th a t  

t h e  E T  i n  the l y s ime t e r  c ompa r ed t o  tha t  o f  i ts sur r o und s  

c o u ld i n c r eas e w i t h i n c r e a s i ng wa l l -g ap a r e a  a s  a l a rg e  

wa l l -g a p  a r e a  c o u ld i n c r e a s e  ·the he a t  b a l a n c e  o f  the 

l y s ime t e r .  

( Pr u i t t  e t  

Lys ime t e r s  w i th w a l l -g a p  a r e a s  a s  sma l l  a s  3% 

a l  1 9 6 0 )  and a s  l a r g e  as 3 0 %  ( Mcll r o y and Ang u s  

1 9 6 4 )  o f  t h e  l y s ime t e r  a r e a  h a v e  b e e n  u s ed .  

2 A . l . 2  N - 1 5  i s o to pe mea s u r emen t : 

I n  m o s t  f e r t i l i z e r  N b a l ance s t ud i e s  ( e . g . , C a r t e r  e t  

a l  1 9 6 7 ;  Pa t r i ck a nd Reddy 1 9 7 6 ;  K i ss e l  a nd Sm i th 1 9 7 8 ;  

O l s o n  e t  a l  1 9 7 9 ,  o l s o n  1 9 8 0 ) , N - 1 5  i s o t o pe m e a s u r eme n t  h a s  

b e e n  m a d e  u s i ng m a s s  spec t r ome t r y . Va r i o us type s o f  m a s s  

spec t r ome t e r s  have b e e n  u s ed i n c l ud i ng s i n g l e  a nd d ouble 

c o l l ec t o r  i ns t r umen t s  ( B r emner  1 9 6 5d ;  F i ed l e r  and P r o k sch 

1 9 7 5 ) . Reg a rd l e s s  of  the type , m a s s  spec t r om e t e r s , i f  

p r ope r l y  m a i n t a i n ed and ope r a ted , a r e  capa b l e  o f  r e nd e r i ng a 

v e r y  a cc u r a te d e t e rm i n a t i o n  o f  sma l l  v a r i a t i on s  i n  the N 

i s o t ope r a t i o s  ( H a uck and B r emner 1 9 7 6 ) . 

Em i s s i o n spec t r ome t r y  i s  a v a i l ab l e  a s  a n  a l t e r na t i ve t o  

ma s s  s pec t r om e t r y  ( Br o i d a  a nd Chapman 1 9 5 8 ) . The ad v a n t a g e s  

c l a imed f o r  em i s s i o n  spec t r ome t r y  ( e . s . )  o v e r  ma s s  

spec t r ome t r y  ( m . s . )  a r e  t h a t the e . s .  techn i que i s  s imp l e r  

t o  o p e r a t e ,  o n l y  a few m i c r og r am s  ( 3  t o  5 )  o f  n i t r og e n  a r e  

needed f o r  N - 1 5  a n a l y s i s ,  a nd tha t a n a l y s i s  o f  N g a s  s amp l e  

c a n  b e  iepea ted many t im e s  s i nc e  the me thod i s  

n o n-d e s t r uc t i v e ( F i ed l er and Pr o k s ch 1 9 7 7 5 ) . O t h e r  

a d v a n t a g es a r e  tha t the c o s t  o f  e . s .  i n s t r umen t i s  l e s s  
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t h a n  o n e -h a l f  the c o s t  o f  m . s .  eq u i pme n t  and tha t the e . s . 

i n s t r um e n t can be i n s t all ed a nd s upe r v ised by �ny 

e x p e r i e nc ed a n a l y s t (Hauck a nd Bremn e r  19 7 6 ) . Howev e r , 

c o n s i d e rab l e  d i v e r g e n c e  o f  op i n i o n exi s t s  i n  the l i t e r a t u r e  

c o n c e r n i ng s ev e r a l  a s pe c t s  o f . N - 1 5  an a l y s i s  by e . s . , 

i nc l ud i ng a c c u r acy , a mo un t  o f  N need ed , p r e c i s i on and mem o r y  

e f fe c t s  ( Pe r schke e t  a l  1 9 7 1 ;  Keeney a nd Ted e s c o  1973; 

Meye r e t  a l  1 9 7 4 ; F i ed l e r  and P r oksch 1 9 7 5 ) . 

Mea s u r ement o f  N - 1 5  i n  the s o i l  o rg a n i c  N f r ac t i on i s  

r eq u i red f o r  s tud i e s  i nv o l v i ng i mmob i l i s a tion o f  added 

f e r t i l i ze r  N i n t o  s o i l  o r g a n i c  ma t t e r . As mo s t  New Z e a l and 

s o i l s  a r e  r e l a t i ve l y  h i g h  i n  o r g a n i c  N c o n t e n t , the e xpec t ed 

i s o t op i c  d i l u t i on when the ad ded N - 1 5  i s  i mmob i l i sed , wo u l d  

b e  l a rg e . No i n f o rm a t i o n i s  a v a i l ab l e  on t h e  mea s u r ement o f  

N - 1 5  b y  e . s . , i n  t h e  o rg a n i c  f r a c t i o n  o f  a n y  New Z e a l a nd 

s o i l .  Over s e a s  wo r k  i s  l im i ted to a s t udy by Wa t a n abe e t  a l  

( 1 9 7 9 ) , who have u s ed e . s .  t o  s t udy t h e  movement a nd 

r e c o v e r y  o f  app l i e d  N - 1 5 d own the p r o f i l e  o f  a fa l l ow s o i l  

t h a t w a s l ow i n  t o t a l  N c o n tent  ( 0 . 0 9 % ) . They appl i ed 

ammo n i um s u l ph a t e  l ab e l l e d  w i th 1 0  a t om p e r c e n t  N - 1 5 ,  t o  the 

s o i l  e n c l o s ed by 185 mm d i am e t e r  cyl i nd e r s i n  f i e l d . N - 1 5  

e n r i c hme n t  wa s no t d e t e c t ed by e . s . , whe n  the fe r t i l i ze r  N 

c o n c e n t r a t i on i n  s o i l  d r o pped bel ow 0 . 0 2 ug/g i n  the m i ne r a l  

f r ac t i o n and 3 u g /g i n  the o r g a n i c  f r a a c t i o n .  Un f o r t u n a te l y , 

t h e  m ag n i t ude o f  i s o t o p i c  d i l u t i on was  n o t m en t i o ned . 

Reg a rd l e s s  o f  the t e c h n i que u s ed fo r N - 1 5 mea s u r emen t 

i n  a ny N b a l ance e x p e r ime n t , i . e . , wh e t h e r  m . s .  o r  e . s . ,  a 

c um u l a t i ve e r r o r c o u l d  o c c u r  d ue t o  i na c c u r ac i e s  i n  

m e a s u r i ng the v a r i o u s  c omponents  o f  the N b a l ance . Mar t i n  
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r ev i e wed the so u r c e s  o f  e r r o r  i n  N 

ba l a nc e  exper i me n t s , a nd p o i n t ed o u t  t h a t the c umu l a t i v e 

e r r o r  c o u l d be p a r t ly o f  a n a l y t i c a l  o r i g i n  a nd the r ema i nd e r  

c o u l d  be r a nd om e r r o r  a s s oc i a t ed w i th a l l  s t a g e s  o f  a N 

ba l a nc e  e x per ime n t . Ma r t i n  e t  a l  ( 1 9 6 2 )  c o nd u c t ed a p o t  

expe r i m e n t fo r 3 5  _ da y s  t o  i d e n t i fy t h e  s o u r c e s  o f  � r r o r  

a s s o c i a t ed w i th fe r t i l i z e r  N b a l a nce e x p e r i men t .  U s i ng m a s s  

spec t r ome t r y , they c o n s i d e r ed t h e  s o u r c e s  o f  e r r o r  i n  N- 1 5  

a n a l y s i s  such a s  memo ry e f f e c t s , r e fe r e nc e  s t a nd a rd s  and 

back g r o u nd con tr i bu t i o n s  a nd f o u nd them n eg l i g ib l e  c ompa r ed 

w i th r a nd om e r r o r s  a r i s i ng d u e  t o  s o i l  he t e r ogene i ty .  Ol s o n  

( 1 9 8 0 ) , i n  an att empt t o  e v a l u a t e  the a c c umu l a t ed e r r o r s  o f  

s ampl i ng , samp l e  p r epa r a t i on and a n a l y s e s , a pp l i ed N - 1 5  t o  

sma l l  c o n f i ned a r e a s  i n  the f i e l d  and r e c o v e r ed 9 4 . 8  + 0 . 6 % 

a f t e r  2 h o u r s  a n d  9 3 . 0  + 2 . 6 % a f t e r  2 4  h o u r s . He c onc l uded 

th6t t h i s  c umu l a t i ve e r r o r  may not  e x ceed 6 %  of  the appl i ed 

N .  Ad equa te r e p l i c a t i o n , p r e v en t i o n o f  i so t ope 

c o n t am i n a t i o n  d ur i ng s to r ag e  a nd a n a l y s i s ,  a nd c a u t i on i n  

the c o nd u c t  o f  a n a lys i s  wo u l d  h e l p  to  keep the c umu l a t i ve 

er r o r s  t o  a m i n i mum po s s i b l e  l e ve l . 

2 A . 2 Re s u l t s  o f  f e r t i l i zer N b a l a n c e  e x p e r i m e n t s  

2 A . 2 . 1  To t a l  r ec o v e r y  o f  appl i ed fe r t i l i z e r  N : 

K i s s e l  e t  a l  ( 1 9 7 6 ) and O l s o n  e t  a l  ( 1 9 7 9 ) , i n  

e x per i m e n t s  w i th g r a i n  s o r g h um a nd whea t  r e spec t i v e l y , f o u n d  

abo u t  5 0 %  o f  the appl i ed N i n  c r o p , 3 0 %  i n  io i l  a n d  2 0 %  

unac c o u n t ed f o r . Leach i ng w a s  e i ther i n s i g n i f i c a n t  ( � 1 %  , 

Ki s s e l  e t  a l  1 9 7 6 )  o r  wa s n o t me a s u red ( O l s o n  e t  a l  1 9 7 9 ) . 

Ch i ch e s t e r  e t  a l  ( 1 9 7 8 )  r e po r ted 2 5 - 3 0 %  o f  app l i ed N t a k e n  

u p  by c o r n  c r o p , 1 0 - 3 0 %  i n  the s o i l , abo u t  3 0 %  l e a ched a nd 
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6 - 2 6 %  u n a c c o u n t e d . G r ow i ng c o r n , O l s o n  ( 1 9 8 0 )  f o u nd 3 3 %  o f  

a pp l i ed N taken u p  by c r op , 4 3 %  i n  the s o i l  and 2 4 %  

u n ac c o u n t ed . C r a s we l l  e t  a l  ( 1 9 7 5 )  m e a s u r ed h i gher  p l a n t  

u p t a k e  ( 6 3 % )  fo r wh e a t  a nd l ower  ( 6 % )  d e f i c i t s . Th u s , 

f er t i l i z e r  N ba l a nc e  s t ud i e s , i n  g e ne r a l , repo r t  r ec o v e r i e s  

i n  the c r o p  o f  2 5 - 6 5 %  w i th 1 0 - 4 5 %  r e t a i n ed i n  the s o i l ,  

1 - 3 0 %  r em oved by l each i ng and 5 - 2 5 %  u n a c c o u n t ed f o r  a n d  

p r e s umed l o s t . S im i l a r  r a ng e s  o f  v a l u e s  a r e  r epo r t e d  i n  

e a r l i e r  r e v i ews by Kund l e r  ( 1 9 7 0 )  a nd Ha u c k  ( 1 9 7 1 ) . 

The u n ac c o un ted f o r  l o s s e s  o f  5 - 2 5 %  we r e
.

con s i d e r ed i n  

a r e v i ew by A l l i s o n  ( 1 9 6 6 ) , t o  b e  r e a l  l o s s e s  a nd n o t  the 

p r o d u c t  o f  p o o r  t e ch n i qu e s  or  e x pe r ime n t a l  e r r o r s . Th i s  

v i ew i s  s t i l l  c ommo n ly h e l d  ( Legg and Me i s i ng e r  1 9 8 2 ) . I t  

a pp e a r s  tha t the e x t e n t o f  f e r t i l i ze r  N d e f i c i t  i n  a N 

b a l a nc e  co u ld d i f f e r  w i th the n i t r og e n o u s  s o u r c e  a p p l i ed .  

C r a swe l l  ( 1 9 7 9 ) , i n  a m i c r op l o t  e x per i m e n t  s tudy i ng the f a t e 

o f  t h r e e  N f e r t i l i z e r s  app l i ed t o  f a l l ow s o i l ,  f o u nd 

u n a c c o u n ted l o s s e s  o f  9 ,  2 3  a nd 2 6 %  f o r  u r e a , amm o n i um 

s u l p h a t e  and c a l c i um n i t r a te r e s pec t i ve l y . On the o th e r  

hand , D e v  and R e n n i e  ( 1 9 7 9 ) , i n  a g r owth ch ambe r e x pe r i m e n t 

w i th b a r l ey a s  a t e s t  c r op , showed the N d e f i c i t  t o  b e  

1 a r g e r  w i t h u r e a  ( ::: 1 0 %  ) than po t ass i urn n i t r a te ( :::: 2 %  ) • 

Sm i th a nd Cha l k  ( 1 9 8 0 ) , i n  a p o t  e x pe r i m e n t  w i th ryeg r a s s , 

showed tha t the r e  we r e  no s i g n i f i c a n t  d i f fe r enc e s  i n  the 

to t a l  r ecove r i e s  me a s ur ed between the t h r e e  · fe r t i l i z e r  f o r m s  

t e s ted n ame l y  u r ea , a qu e o u s  ammo n i a  and ammon i um s u l ph a t e . 

I n  g e n e r a l , a l l  the i n ve s t i g a t o r s  men t i o n ed abov e , r e po r t a 

c o n s i s t a n t  una c c o u n t ed f o r l o s s  o f  a b o u t  1 0 %  o f  the appl i ed 

amo u n t  whe n  u r e a  h a s  been u s ed . 
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The def i c i t  i n  N-1 5 ba l a nce c a n  be expec ted to be 

pr opo r t i o n a l  to the amoun t o f  N a pp l i ed at s ow i ng the c r o p , 

a s  shown by Myer s and P a u l  ( 1 9 7 1 ) . U s i ng two r a tes  o f  N 

a pp l i c a t i o n (56 and 1 1 2  k g /ha ) t o  s p r i ng whea t ,  t h ey f o und 

n o  s i g n i f i c a n t  d i f ference in  per cen t N def i c i t  = 25 % )  i n  

the fer t i l i zer N b a l ance . On the o t h e r  h a nd , t he d ef i c i t  i n  

N - 1 5  b a l a nce where N i s  app l i ed i n  s p l i t  a pp l i c a t i o n s , m a y  

b e  les s t h a n  where a l l  o f  the N i s  appl i ed i n i t i a l l y . Fo r a 

r i ce c r op , P a t r i c k  and Reddy ( 1 9 7 6 )  repo r ted l o wer N - 1 5  

def i c i t s when ha l f  o f  the t o t a l  N amoun t  w a s  a p p l i ed ea r l y  

a nd ha l f  a t  m i d  

sea s o n . H i g her 

sea s o n , 

c r op 

than when a l l  was a ppl i ed i n  ea r l y  

N u p t a ke and l ower den i t r i f i c a t i o n 

l o s ses , were s u gges ted rea s o n s  f o r  l ower N - 1 5  def i c i t s  when 

N was a pp l i ed i n  s p l i t  appl i c a t i o n s . 

2A . 2 . 2 P l a n t  uptake 

Few fer t i l i zer N b a l ance s t u d i es have i nves t i g a ted the 

c r op upta ke r a tes sequen t i a l l y d u r i ng i ts g r ow th per i od 

under f ield c o nd i t i o n s . I n  a rev i ew o n  the fer t i l i zer N 

b a l a nce s t ud ies i n  the U S S R , Z amya t i n a  ( 1 9 7 1 )  p o i n ted o u t  

that  a lmo s t  a l l  the fer t i l i zer N u p t a ke b y  o a t  c r o p s  o n  two 

d i f ferent s o i l s , o c c u r red d u r i ng t he f i r s t  4 0  days f o l l ow i ng 

fer t i l i zer a p p l i c a t i on . Pa t r i c k  a nd 

t ha t , under f l o oded c o nd i t i on s , · a l l  

up t a ke by r i c e  p l a n t s  ( 3 0  t o  3 7 %  o f  

Reddy ( 1 9 7 6 ) showed 

o f  the fer t i l i zer N 

app l i ed N )  o c c u r r ed 

w i th i n  a 3 - 4  week per i od fo l l o w i ng appl i c a t i on w i t h l i t t le 

f u r ther uptake . I n  f i eld exper i men ts w i th b a r l ey us i ng 

u n l abel led ' ammo n i um n i t r a te ,  Kowa len k o  et a l  ( 1 9 78 )  showed 

t h a t  b a r l ey wa s c a pab le o f  a h i g h  r a te o f  N u p t a ke 

( fer t i l i zer p l u s  n o n - fer t i l i zer ) ea r l y i n  i t s g r o w t h  per i od .  
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They r epo r ted th a t  the a v e r ag e  N u p t a k e  r a te s  w e r e  3 . 1 3 

kg N/ha/d d u r i ng the f i r s t  3 0  d a ys f o l l ow i ng s ow i ng , 1 . 21 

kg N/h a /d be twe e n  d a y s  3 0  t o  4 4 ,  0 . 4 0  kg N/h a /d b e t w e e n  d a y s  

4 4  t o  6 9  a nd n eg l i g i b l e  up t a ke a f ter  6 9  d a y s . A l l th i s  

e x p e r imen t a l  e v i d e n c e  s ugge s t s  th a t  c ro p  u p t a k e  o f  

f e r t i l ize r  N i s  o f  impo r t a n c e  o n l y  d u r i ng the f i r s t  4-6 

weeks  f o l l ow i ng i t s appl i c a t i o n  a t  s ow i ng . 

The g e n e r a l l y  l ow r ec o v e r i e s  o f  N-1 5 i n  c r o p  p l a n t s , 

h av e  been a t t r i b u t ed to the d e g r e e  o f  N - 1 5  i mmob i l i s a t i o n 

i n t o  s o i l  o rg a n i c  m a t t e r  ( O l s o n  e t  a l  1 9 7 9 )  and a l s o t o  the 

e x t e n t  o f  N -1 5  l e a ch i ng ( Ow e n s  1 9 6 0 ) . Ol s o n  e t  a l  ( 1 9 7 9 )  

r ep o r ted th a t  m o r e  N w a s  t a k e n  up b y  a whe a t  c r op a nd l e s s  

. r ema i ned i n  the s o i l  f r om s p r i ng r a th e r  t h a n  a n  a u t um n  

a pp l i c a t i o n o f  ammo n i um s u l ph a t e . They s ug g e s ted tha t  th i s  

d i f f e r ence w a s  d u e  t o  a l e s s e r  amo u n t  o f  f e r t i l ize r N 

i mmob i l i s a t i o n i n to s o i l  o r g a n i c  ma t t e r  d u r i ng s p r i ng th a n  

a u t um n . 

Owe n s  ( 1 9 6 0 ) , u s i ng mono l i th lys imete r s , s howed tha t 

e x c e s s  l ea c h i ng o f  fe r t i l ize r N r e s u l t ed i n  l ow N - 1 5  u p t a k e  

b y  c o r n  g r own i n  tho s e  lys ime t e r s .  H e  r ep o r ted th a t  c r o p  

u p t a k e  w a s 2 2 - 2 4 %  o f  app l i ed N i n  o n e  t r ea tm e n t  i n  wh i c h  

S - 7 %  o f  a pp l i ed f e r t i l ize r  N w a s  l ea ched . I n  a n o th e r  

t r e a tment whe r e  1 6 - 1 9 %  o f  t h e  appl i ed N w a s  l e a ch ed , c r o p  

u p t a k e  wa s r ed uced to abo u t  1 5 % o f  t h e  a pp l i e d  N .  

Reg a rd l e s s  o f  the amo u n t  o f  a pp l i ed N l ea ched , 

immob i l i s � t i o n  i n to s o i l  o r g a n i c  m a t t e r  w a s  a b ou t  3 8 %  o f  

appl i ed N .  

C r o p  u p t a k e  o f  N - 1 5 h a s  been shown t o  d i f f e r  w i th 

i r r i g a t i o n  r a te , f e r t i l izer a pp l i c a t i o n  r a te a nd t ime o f  
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fer t i l i z er appl i c a t i on .  B r o a d be n t  a nd Car l to n  ( 19 7 8 )  

r epo r te d  tha t the N u p t a k e  e f f i c i e ncy ( c rop u p t a k e  a s  a 

percen t a g e  o f  the appl i c a t i on r a t e )  f o r  a c o r n  c r op , u nd e r  

three i r r i g a t i o n  r e g ime s ( 2 0 0 , 60 0 and 10 0 0  mm wa t e r ) ,  wa s , 

i n  g e n e r a l , i n v e r s e l y r e l a t ed t o  the N f e r t i l i z e r  

appl i c a t i o n  r a t e  i n  the r an g e  o f  9 0  t o  3 6 0 kg N/ha . The 

max imum u p take e f f i c i e ncy occ u r r ed at 9 0  kg N/ha appl i c a t i o n  

r a t e a nd d i f fe r ed between 3 5  and 6 5 %  d epend i ng o n  the 

i r r i g a t i o n  r a t e .  O l s o n  ( 19 8 0 )  r e p o r ted that the a v e r a g e  N 

uptake e f f i cie ncy f o r  two c o r n  c r ops , u n d e r  a n  i r r i g a t i o n 

r eg ime o f  1 2 0 0  mm , we r e  3 0  and 3 5 % f o r  the 5 0  a nd 15 0 k g N/ha 

app l i c a t i o n r a t e s  r e spec t i ve l y . Ol s o n  e t  a l  ( 1 9 7 9 ) r e po r t e d  

tha t ,  f o r  whe at c r o p s , t h e r e  was  n o  s i g n i f i c an t  d i f f e r e nc e  

i n  f e r t i l i ze r  N up t a ke be twe e n  a u t umn a n d  s p r i ng 

appl i c a t i on s  a t  t h e  5 0  k g N/ha r a te ; b u t  a t  a h i g h e r  

app l i c a t i o n r a t e  ( l O O  k g N/h a ) p l a n t s  r e c overed abo u t  1 0 %  

m o r e  N f o r  the s p r i ng t h a n  f o r  the a u t umn a ppl i c a t i o n . No 

expl a n a t i o n wa s s ug g e s ted . 

2A . 2 . 3  Immob i l i s a t i o n o f  appl i ed N i n to s o i l  o r g a n i c  

ma t t e r : 

F e r t i l i z e r  N b a l a n c e  s t ud i e s  w i th c r ops ( Pa t r i c k  a nd 

Reddy 1 9 7 6 ;  Ch i ch e s t e r  e t  a l  1 9 7 B ;  K i s s e l  a nd Sm i th 1 9 7 B ;  

O l s o n  1 9 8 0 )  have shown th a t  a v a r y i ng p r o po r t i o n  o f  th e  

appl i ed N ( 1 0 - 4 5 % )  i s  i mm ob i l i sed i n to s o i l  or g a n i c  m a t t e r . 

An impo r t a n t  f a c t o r  c a u s i ng th i s  v a r i a t i o n i s  the s u p p l y  o f  

energy ma ter i a l , pa r t i c u l a r l y t h e  r e l a t i v e  p r o po r t i o n  o f  

ava i l ab l e  C a nd N. Al l i s o n  a nd K l e i n  ( 1 9 6 2 ) r epo r ted t h a t 

add ed N wa s i mm o b i l i sed a t  a ma x imum r a te when the s o i l  C : N  

r a t i o  e x c eed ed t h e  r a n g e  o f  2 5  - 3 0 .  a n d  m i ne r a l i s a t i o n  
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occ u r r ed when the C : N  r a t i o  d r opped b e l ow 2 0 .  B a r tho l omew 

( 1 9 6 5 )  s u g g e s ted th a t  the C : N  r a t i o s c o u l d  n o t be u s ed a s  

i nd i c e s  f o r  N i mmob i l i s a t i o n  and m i n e r a l i s a t i o n s i nce a l l  

the C a nd a l l  the · N  p r e s e n t i n  s o i l  a r e  n o t r e ad i l y 

a v a i l a b l e  t o  m i c r ob e s  a nd a l s o  the C and N v a l ue s  d e t e rm i ned 

chem i c a l l y  r a r e l y  c o r r e l a te to the b i o l o g i c a l  a va i l ab i l i ty .  

Th u s , a l t h o ugh C : N  r a t i o  i s  r eco g n i s ed a s  a n  impo r t a n t  

f a c t o r i n  t h e  i mmob i l i s a t i o n  - m i ne r a l i s a t i o n p r o c e s s e s , i t  

h a s  b e e n  o f  l im i ted u s e  i n  d e t e rm i n i ng the amo u n t  o f  app l i ed 

N i mmob i l i s ed . 

I t  h a s  l ong been k n o w n  that  many m i c r o - o r g a n i sm s  

u t i l i s e  anwon i um mo r e  r ead i l y th a n  n i t r a te f o r  the i r  

m e t ab o l i c  a c t i v i ty ,  when b o t h  a r e  p r e s e n t  s i m u l t ane o u s l y  

( Al e x a nd e r  1 9 7 7 ) . J a n s s o n  ( 1 9 5 8 )  p r e s e n t ed a c yc l e  the o r y  

o f  N t r an s fo rma t i o n s  i n  s o i l  i n  wh i ch h e  p r op o s e d  

i�mob i l i s a t i o n to  p r oc e ed f r om ammon i um o n l y . N i t r a te wa s 

o u t s i d e  th i s  i n t e r n a l  N c yc l e. C o nt r a r y  t o  t h i s  hypo the s i s ,  

s om e  w o r k e r s  ( S to j a n o v i c  e t  a l  1 9 5 6 ;  B r o adben t e t  a l  1 9 6 2 ; ) 

h a v e  s h o wn t h a t  a d d ed n i t r a t e c o u ld a l s o be i mmob i l i sed i n t o  

s o i l  o rg a n i c  m a t t e r . B u t  t h e s e  i nv e s t i g a t o r s  h a d  added 

n i t r a te t o  s o i l  a l o n g  w i t h  a r ead i l y a v a i l ab l e  c a r b o n  

s o u r� e . Mo r e  r ec en t ly , K i s se l  e t  a l  ( 1 9 7 7 )  w h o  app l i ed a 

r e l a t i v e l y  h i gh r a te o f  c a l c i um n i t r a te ( 3 2 8  k g N/h a ) t o  a 

s o r g h um c r o p , r epo r ted t h a t  abo u t  2 0 %  o f  a pp l i ed n i t r a t e  w a s  

imm ob i l i sed . I t  appe a r s  t ha t  i mmob i l i s a t i o n  c o u ld p r o c e ed 

f r om t h e  n i t r a te f o rm when n i t r a te N i s  the abund a n t  s o u r c e  

o f  m i ne r a l  N i n  the s o i l . 

I n  g r e e nho u s e  s t ud i e s , some i n ves t i g a t o r s  ( Legg e t  a l  

1 9 5 9 ; S te wa r t  e t  a l  1 9 6 3 )  h a v e  found tha t w i th a n  i nc r e a s e  
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i n  the amo u n t  o f  N a d d ed to s o i ls , th e r e  wa s i nc r ea se i n  the 

amo u n t  of added N i mm o b i l i sed in the s o i l .  T h i s  i nc rea se 

was n o n - l i nea r . No reg res s i o n analy s e s  wer e  repo r ted f o r  

the i r d a t a to es t a bl i sh a rela t i o n s h i p  b e tween t h e  amo u n t  o f  

N added a nd i t s f r a c t i o n  immob i l i sed . The r e sult s ob ta i ned 

by Wes terman e t  al ( 1 9 72 )  i n  f i eld e x per ime n t s  where u r e a  

e n r i c hed w i th N - 1 5  wa s a ppl i ed t o  a s o r g h um c r o p , a l s o  

dem o n s t r a ted th i s  n o n -l i n e a r  rela t i o n sh i p .  They f o u nd th a t  

the amo u n t s o f  a ppl ied N immob i l i sed i n  the s o i l by the end 

o f  c r o p p i ng s e a s o n  we re 1 8 ,  35 a nd 3 5  k g N/ha respec t i vely 

f o r  the 5 6 ,  1 1 2  a nd 1 6 8  k g N/ha r a tes o f  ,a ppl i c a t i o n , wh i ch 

s ug ge s t s  that t h i s  s o i l  may h a ve a po ten t i al c a pa c i ty t o  

i mmob i l i se app l ied N .  W i th 5 0  a nd 1 5 0  k g N/h a  r a tes o f  

appl i c a t i on to a c o r n  c r op , Olso n  ( 1 9 8 0 )  f o und 4 6 %  a nd 4 0 %  

res pec t i vely o f  appl ied N i mmob i l i sed a f ter 2 yea r s  o f  

s uc ce s s i ve c r o pp i ng .  Thu s , the l im i ted ev idence s ug g e s t s  

th a t  N i mmob i l i s a t i o n a s  a pe r cent o f  appl i ed N wo uld n o t 

i nc re a se l i nea r ly w i th i nc re a s i ng h i g he r  a ppl i c a t i on r a te s  

( > l O O  k g N/ha ) a l th o ug h  there o f ten i s  a s i g n i f i c a n t  i n c rea se 

i n  t he a c tual amo u n t  o f  appl i ed N i mmob i l i sed w i th . a h i g her 

r a te o f  a pp l i c a t i o n . 

Ther e  i s  a s ug g e s t i o n ( K i s sel et a l  1 9 7 7 ;  O l s o n  1 9 8 0 }  

tha t c o n t i n u a l  net i mm ob i l i s a t i o n o f  fer t i l i zer N m i g h t  i n  

the l on g  term , g r a d u a l l y i nc rea se the s o i l  o rg a n i c  N c o n ten t 

to a h i gher equ i l i b r i um level , a s  c ompa red w i th no 

fer t i l i ze r  N u se . H o wever , l o ng term exper i men t s  a t  

Ro thams ted ( John s to n  1 9 7 6 }  whe re s o i ls h ad been t rea ted w i th 

N fe r t i l i zer s ( 5 0 t o  1 5 0 k g N/ha/yea r )  f o r  nea r l y  a 1 0 0  

ye a r s , i nd i ca te t h a t  the s o i l  o r g a n i c  N had i nc rea sed n o  
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mo r e  than about 0 . 0 0 6 % ,  e q u i v a l e n t  to l e s s  t h a n  5 %  o f  the N 

u n a c c o u n ted for  i n  the N b a l ance . The s o i l  hete r o g e n e i ty 

and s pa t i a l  v a r i a b i l i ty i n  the s o i l  o r g a n i c  N d i s t r i bu t i o n 

i s  o f t e n  s o  l a r g e  ( B i g g a r  1 9 7 8 )  t h a t  t r en d s  i n  the s o i l  

o rg a n i c  N c o n t e n t  a re n o t  mea s u r abl e ,  pa r t i c u l a r ly whe r e  

o n l y  sma l l  N add i t i o n s  t a k e  pl a c e . 

E x p e r ime n t a l  e v i d ence s u gg e s t s  t h a t  immob i l i s a t i on o f  

add ed N - 1 5  i n to s o i l  o r g a n i c  ma t t er i s  s i g n i f i c an t  o n l y  i n  

t h e  s u r face l ay e r  d own t o  a depth o f  abo u t  4 0 0 mm , 

p r e s umab l y  wh e r e  the h i g h e s t l ev e l  o f  m i c r ob i a l  ac t i v i ty 

e x i s t s . We s terman e t  a l  ( 1 9 7 2 )  found n e a r l y  a l l  o f  t h e  

f e r t i l i ze r  N imm o b i l i s ed i n  the s u r f a c e  2 5 0 mm so i l  l ay e r . 

Joh n s t o n  (19 7 6 )  a l s o r e p o r t ed a sma l l  i n c r ea s e  i n  the s o i l  

o r g a n i c  N c o n te n t  i n  the s u r face l aye r ( 2 3 0  mm ) due t o  

f e r t i l i z e r  N appl i c a t i on t o  whe a t  a nd b a r l ey ; b u t  there  w a s  

n o  ev i d ence t o  s h o w  t h a t  added N w a s  immob i l i s ed i n  s o i l  

b e l ow 2 3 0  mm d e p t h . Ch i che s te r  e t  a l  ( 1 9 7 8 )  app l i ed 

f e r t i l i ze r  N t o  c o r n  c r op s  g r own i n  m o no l i th l y s ime te r s  a nd 

f o u nd a lmo s t  a l l  o f  t h e  i mmob i l i sed f e r t i l i z e r  N i n  the t o p  

3 0 0  t o  4 0 0 mm o f  t h e  s o i l  pr o f-i l e .  O l s o n  e t  a l  ( 1 9 7 9 )  a nd 

O l s o n ( 1 9 8 0 )  r e po r t e d  t h a t  f r om 6 5  t o  1 0 0 %  o f  the f e r t i l i z e r  

N -immob i l i sed wa s f o u nd i n  the s u r f a c e  1 0 0  mm o f  s o i l .  

2 A . 2 . 4  M i ne r a l i s a t i o n o f  s o i l  o r g a n i c  N :  

( i )  M i ne r a l i s a t i o n  o f  immob i l i sed f e r t i l i ze r  N :  

L i m i t ed e x pe r i m e n t a l  ev i d e nc e  ( La d d  e t  a l  1 9 8 la , b ) o n  

t h e  m i ne r a l i s a t i o n o f  i mmob i l i s e d  f e r t i l i ze r  N ,  h a s  

i nd i c a ted t h a t  a m a j o r  p o r t i o n ( > 5 0 % ) o f  the immob i l i s e d  

f e r t i l i ze r  N wo u l d  no t be m i n e r a l i sed d u r i ng the s am e  

c r o pp i ng s e a s o n  i n  wh i ch i t  wa s a pp l i ed.,  a nd there f o r e  wo u l d  
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n o t  b e  a v a i l a b l e  f o r  c u r r e n t  p l a n t  u p t a k e . Th i s  s t udy a l s o  

i nd i c a ted th a t  the m ag n i tud e o f  s u b s e q u e n t  m i n er a l i s a t i o n 

f o r  f u t u r e  c r ops w o u l d  be l ow .  Ladd e t  a l  ( 1 9 8 la , b )  s t ud i ed 

the d ec ompo s i t i o n  o f  l eg um e  r e s i d u e s  th a t  w e r e  d ou b l y  

l ab e l l ed w i th C -1 4  a nd N - 1 5  a nd added t o  f i e ld m i c r o p l o t s . 

They f o und tha t a bo u t  6 0 - 6 5 %  o f  the added  l eg um e  N -1 5  

r ema i n ed i n  the so i l  a s  o r g a n i c  r e s i d u e s  a f t e r  d ec ompo s i n g  

f o r  3 2  w e e k s . Even  a fte r 4 ye a r s , n e a r l y  5 0 %  o f  t h e  a d d ed 

l e g ume N - 1 5 r em a i n ed a s  r e l a t i ve l y s t a b l e  o r g a n i c  r e s i d ue . 

Th e i r  f i n d i ng s  c o n f i r m ed the r e s u l t s o f  e a r l i e r  stud i e s  

( B r o a db e n t and N a k a s h ima 1 9 6 5 ,  1 9 6 7 )  wh i ch h ad s ug g e s t ed 

tha t  the immob i l i s ed f e r t i l i z e r  N wo u l d  be r e s i s t a n t  to 

m i n e r a l i s a t i on . B r o adben t a nd N a k a sh ima ( 1 9 6 5 ,  1 9 6 7 )  

po s t u l a t e d  th a t  the imm ob i l i s ed fe r t i l i z e r  N i n  the 

m i c r ob i a l  t i s s ue m i g h t  u nd e r g o  a n o n -b i o l og i c a l  r e a c t i o n  

i nv o l v i ng ammon i a  r e s u lt i ng i n  the f o rm at i o n  o f  N - c o n t a i n i ng 

c ompo u nd s much mo r e  s t ab l e  t h a n  m i c r ob i a l  N .  

( i i )  Net m i ne r a l i s a t i o n o f  so i l  N 

A ' pr i m i ng ' e f fect d e s c r i b ed a s  c h a n g e  i n  the s o i l  N 

m i n e r a l i s a t i o n  r ate , d ue to f e r t i l i z e r  N a dd i t i o n , h a s  b e e n  

r epo rte d  by seve r a l  i nv e st i g ato r s .  A po s it i ve p r im i ng 

e f fect r e s u lt i n g  i n  a n  i nc r e a s e  i n  the s o i l  N m i ne r a l i s at i o n  

r ate h a s  been r e po rted i n  e x p e r iments w i th N - 1 5  c o nd u cted i n  

the l ab o r ato ry ( B r o ad be nt 1 9 6 5 ;  We s terman  and T u c k e r  1 9 7 5 ) , 

i n  the g r e e nho u s e  ( Low and P i pe r  1 9 5 7 )  a nd i n  the f i e l d  

(We ste rma n  a nd Ku rtz 1 9 7 3 ;  K i s s e l  a nd Sm i th 1 9 7 8 ) . O n  the 

othe r h a nd , a n eg a t i ve p r i m i ng e f fect r e s u lt i ng i n  a 

depre s s i o n  i n  the so i l  N m i ne r a l i s a t i o n  r a te , h a s  a l s o b e e n  

r epo rted ( Meg u s a r  1 9 6 8 ) . Othe r  i nve s t i g ato r s  ( Fa ck 1 9 6 5 ; 
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Ol s o n  1 9 8 0 )  f o u nd l i t t l e  c h a n g e  i n  the s o i l  N m i n e r a l i s a t i on 

r a t e a s  a r e s u l t  o f  f e r t i l i zer N add i t i o n s . Th u s  

i nc o n s i s te n c i e s  e x i s t  i n  the exper imen t a l  r e s u l t s  o n  p r i m i ng 

e f fe c t  o f  f e r t i l i ze r  N o n  n a t i ve so i l  N m i ne r a l i s a t i o n . 

Sev e r a l  e x p l a n a t i o ns f o r  the p r i m i ng a c t i on o f  

fe r t i l i z e r  N a d d i t i o n  have been g i v en . Legg and S t a n f o r d  

( 1 9 6 7 )  c o n s i d e r e d  p r i m i ng a c t i on t o  b e  the r e s u l t  o f  

dec r ea s ed i mmob i l i s a t i o n  a nd i n c r e ased m i ne r a l i s a t i o n i n  the 

r h i z o sphe r e . To Jan s s on ( 1 9 7 1 ) , p r i m i ng e f fe c t  i s  a n  

e r r o n e o u s  i n t e r p r e t a t i o n  o f  the N- 1 5  d a t a . We s t e rm a n  a nd 

Ku r tz ( 1 9 7 3 )  t o o k  the v i ew t h a t f e r t i l i z e r  N add i t i o n s  c o u l d  

s t i mu l a t e  t h e  m i c r ob i a l  a c t i v i ty t o  r e l e a se m o r e  s o i l  N .  

La u r a  ( 1 9 7 4 , 1 9 7 5 )  s u g g e s t ed t h a t  p r i m i ng e f f e c t  r e s u l ted 

f r om p r o t o n  t r a n s fe r  r e ac t i o n s  i n  s o i l  r a th e r  than due t o  

m i c r ob i a l a c t i o n . I n  a r e v i ew , Hauck a nd B r em n e r  ( 1 9 7 6 )  

c o n c l ud ed t h a t n one o f  the s ug g e s ted e x p l a n a t i o n s  f o r  the 

p r i m i ng e f f e c t , c omp l e t e l y  e x pl a i n  the ob s e r ved net e f f e c t s .  

Th u s , t h e  q u e s t i o n  o f  whe th e r  the p r i m i ng e f fec t i s  r e a l , 

pa r t l y  r e a l  o r  r e s u l t s  f r om m i s i n t erpr e ta t i o n  o f  N - 1 5  d a t a , 

s t i l l  r em a i n s  u n a n swer ed . 

The r e l a t i o n sh i p  be twee n  N m i ne r a l i s a t i o n  r a t e  a nd s o i l  

o rg a n i c  m a t t e r  c o n t e n t  h a s  been the s ub j ec t  o f  m a n y  

i n v e s t i g a t i o n s . H a rm s e n  a nd S h r even ( 1 9 5 5 ) , r ev i ew i ng t h e  

e a r ly w o r k , p o i n ted · o u t  t h a t  the N m i ner a l i s a t i o n r a te i s  

l i k e l y  t o  b e  a s s o c i a t ed w i t h  a sma l l  a c t i ve �po o l  o f  o rg a n i c  

N .  A t t em p t s t o  f r ac t i o n a t e  the s o i l  o r g a n i c  N t o  q u an t i fy 

the a c t i v e p o o l  ( Br emner  1 9 6 5 c ; Jen k i n s o n  1 9 6 6 ) , h a v e  m e t  

w i th l im i t ed s uc c e s s  a s  t h e  s o i l  o r g a n i c  ma t t e r  h a s  n o  we l l  

d e f i n e d  c ompo s i t i o n .  As a r e s u l t , m o s t  s t ud i e s  c o n c e r ne d  



w i th n e t  m i n e r a l i s a t i o n ( Ga s s e r  1 9 6 1 ;  

P a g e  1 9  

Green l a nd 1 9 7 1 ;  

Ru s sel l 1 9 7 5 )  h a ve made no a t tempt t o  rela te the N 

m i ner a l i s a t i o n r a te t o  an a c t i ve p o o l  o f  o rg a n i c  N .  Th u s , 

a l tho u g h  the c o ncept o f  N m i ner a l i s a t i o n r a te be i ng 

depend e n t  o n  an a c t i ve p o o l  o f  o r g a n i c  N h a s  been s u g g e s ted 

fo r a l ong t ime , i t  h a s  n o t  b e e n  po s s i b le to ob t a i n  a 

rel a t i o n sh i p  b e t wee n them d ue t o  the complex chem i c a l  n a t u r e  

o f  the s o i l  o rg a n i c  ma t ter .and the i n ad equacy o f  meth od s 

ava i l ab le f o r  i t s  ch a r a c te r i s a t i o n . 

Sever a l  s t ud ies repo r t  o n  the m i ner a l i s a t i o n  r a t e s  o f  

o r g an i c  N i n  New Zea l a nd c r o pp i ng s o i l s . The es t im a ted N 

m i ner a l i s a t i on r a te s  v a r y .  U s i ng d a t a  f6 r f i eld ex pe r i men t s  

w i th m a i ze th a t  were c o n d u c ted o n  sever a l  s o i l s  i n  t h e  

Man awa t u  d i s t r i c t ,  El l i o t t  a nd G r eg g ( 1 9 7 9 )  c a l c u l a t ed net 

m i n e r a l i s a t i on i n  the top 3 0 0  mm ,  t o  be i n  the r a nge o f  0 . 5 

t o  l k g N/ha/d a y , o v e r  the g r ow i ng s e a s o n . Ba s ed on 

l abo r a t o r y  i nc ub a t i on e x p e r imen � s , a p o t en t i a l 

m i ne r a l i s a t i o n  r a te o f  abo u t  1 kg N/ha/day , h a s  been r ep o r ted 

f o r  a C a n t e r b u r y  s o i l  ( Qu i n  and D r e w i t t  1 9 7 9 )  and f o r  t wo 

Wa i k a t o  s o i l s  ( Ro s s  e t  a l  1 9 8 2 ) . O t h e r  wo r k e r s  ( Lud e c k e  a nd 

Tham 1 9 7 1 ;  H a r t e t  a l  1 9 7 9 )  r e po r t  a h i g h e r  v a l ue o f  abo u t  

1 . 5 kg N/ha/day f o r  the amo u n t  o f  N m i n er a l i s ed o v e r  a 

g r o w i ng 

s o i l s i n  

s e a s o n , i n  

C a n t e r b u r y  

the top 1 5 0 mm d e p th o f  s ome c r o pp i ng 

d i s t r i c t .  T h e r e  a ppe a r s  t o  b e  no 

publ i s hed i n f o rma t i o n  av a i l ab l e  on the t o t a l  amo u n t s  o f  

n a t i v e  s o i l  N m i ne r a l i sed annua l l y f o r  New Z e a l and s o i l s  

und e r  c r opp i ng c o nd i t i on s . 

The v a r y i ng s o i l  t empe r a t u r e and mo i s t u r e  r e g imes  

pr o fo u nd l y  a f f e c t  the q u a n t i ty o f  N . m i ne r a l i s ed d u r i ng a 
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g r o w i ng s e a s o n  ( S t a n f o r d 1 9 8 2 ) . So i l  t empe r a t u r e has be e n  

shown t o  i n f l ue n c e  the m i c r ob i a l  ac t i v i t i e s  o f  ammo n i f i e r s  

and n i t r i f i e r s , t o  d i f fe r e n t  d e g r e e s  ( A l e x a nd e r  1 9 7 7 ) . The 

ac t i v i ty o f  n i t r i f i e r s  i s  
.... 

n e a r op t i mum i n  the m e s o ph i l i c 

r a n g e ,  20 t o  3 5  C ,  wh e r e a s  the a c t i v i ty o f  ammo n i f i e r s  c a n  

p r o c eed o p t ima l l y u p  t o  abo u t  s o · c .  The a c t i v i t i e s  o f  b o th 

arnmo n i f i e r s  a nd n i t r i f i e r s  c e a s e  near  the  f r ee z i ng p o i n t . 

S o i l  m o i s t u r e  i n  the r a n g e  o f  1 0  t o  50 k Pa ,  i s  

c o nd u c i ve f o r  o p t ima l a c t i v i t i e s  o f  b o th ammon i f i e r s  and 

n i t r i f i e r s  ( S t a n f o r d  a nd Eps t e i n  1 9 7 4 ) . De s i cc a t i o n a nd 

s ub s e q ue n t  we t t i ng o f  s o i l  c o u l d  p r o d u c e  a f l u sh o f  m i ne r a l  

N i n  t h e  s o i l  ( Ha r d ey 1 9 4 6 ;  B i r ch 1 9 6 0 ) . Th i s  

' de s i cc a t i o n ' e f fec t o n  t h e  s o i l  N m i n e r a l i s a t i o n i s  

ex p l a i n ed b y  the s e  wo r ke r s  i n  terms o f  C : N  r a t i o s  o f  the 

o r g a n i c  m a t e r i a l  i n  s o i l .  Dur i ng d r y  p e r i od s , c a r b o n  

d e c ompo s i t i o n  e x c e ed s  N m i ne r a l i s a t i o n , r e s u l t i ng i n  a 

dec r e a s ed C : N  r a t i o  wh i ch e n h a n c e s  n e t  m i n e r a l i s a t i o n d u r i ng 

the s u b s e qu e n t  we t pe r i od s . 

Few s t u d i e s  ( Ch i c he s t e r  1 9 6 9 ;  Ladd e t  a l  1 9 7 7 )  r epo r t  

o n  the N m i n e r a l i s a t i o n t r e nd s  among v a r i o u s  p a r t i c l e  s i ze 

c l a s s e s  o f  s o i l , w i th r e s pe c t  t o  qu a n t i ty a nd r e l a t i ve 

s us c e p t i b i l i ty t o  m i n e r a l i s a t i o n . Ch i ch e s t e r  ( 1 9 6 9 )  

' 
r ep o r te d  t h a t N m i ne r a l i s a t i o n a s  a pe r c e n t  o f  o r g a n i c  N 

c o n te n t , w a s  h i gher i n  t h e  f i n e r  f r ac t i o n  than  i n  the 

c o a r s e r  f r a c t i o n of a s o i l , bec a u s e  the C : N  r a t i o  in the 

f i ne r  f r a c t i o n  was l ower t h a n  tha t i n  the c o a r s e r  f r ac t i o n . 

Ladd e t  a l  ( 1 9 7 7 )  showed tha t the s i l t  f r a c t i o n  a c c umu l a ted 

h i g he r  p r o po r t i on o f  t h e  m o re s t able  N r e s i d u e s . Such 

d i f fe r e n c e s  i n  N m i n e r a l i s a t i o n t r e nd s �  i n  add i t i o n t o  the 
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r a nd om d i s tr i bu t i o n  o f  s o i l  par t i c l e s  i n  s o i l  agg r eg a te s , 

c o u l d  p r o d uc e  spa t i a l  d i f fe r e n c e s  i n  N �� i n e r a l i s a t i o n r a te s , 

n o t  o n l y  amo ng agg r ega te s  b u t  a l s o w i th i n  a g g r eg a t e s . The 

e f f e c t s  o f  such s pa t i a l  d i f fe r e n c e s  i n  N m i n e r a l i s a t i o n , o n  

N a v a i l ab i l i ty t o  p l a n t s  h a v e  n o t  b e e n  s t ud i ed . 

S o i l s  und e r  p a s t u r e  have b � e n  shown ( J ackman 1 9 6 4 ; 

Fo rd a n d  G r e e n l a nd 1 9 6 8 )  to accumu l a te o rg a n i c  N .  I n  N e w  

Z e a l and , Jackm a n  ( 1 9 6 4 ) r ep o r ted tha t such ac cumu l a t i o n s  o f  

o r g a n i c  N occu r r ed ma i n l y i n  the t o p  1 5 0  mm so i l  d e p t h , a nd 

the o r g a n i c  N c o n t e n t  r e ached s te a d y  s t a t e c o nd i t i o n s  a f te r  

a p e r i od o f  t im e  u n d e r  pa s t u r e .  The l e ng th o f  t h i s  t ime 

pe r i od d epended u p o n  th e s o i l  p r g a n i c  N c o n t e n t  p r i o r  to  

pa s t u r e  e s t abl i s hme n t , a nd whe t h e r  the s o i l  wa s d ev e l o ped 

f r om v o l c a n i c  pa r e n t  ma t e r i a l . Whe n  e s t ab l i s hed 

a r e  p l o ughed f o r  c r opp i ng , m i n e r a l i s a t i o n 

p a s t u r e s ­

o f  t h i s  

acc umu l a ted o r g a n i c  N i s  r a p i d  a t  f i r s t  bec a u s e  o f  t h e  

p r e s e n c e  o f  l a rg e  amo u n t  o f  d ec ompo s ab l e  p l a n t  ma t e r i a l  f r om 

r oo t s , f o l i ag e  a nd dung tha t was t u r ned under ( G r e e n l a n d  

1 9 7 1 ) . A f t e r  a pe r i od o f  s ucce s s i v� c r o pp i ng ,  the o rg a n i c  N 

c o n t e n t  tend s t o  s tab i l i s e a t  a l ow e r  l e v e l  r e l a t i v e  t o  i t s 

s teady s ta te c o n t e n t  u nd e r pa s t u r e  ( Wa l k e r  a nd Lude c k e  1 9 8 2 ;  

Ro s s  e t  a l  1 9 8 2 ) . 

2A . 2 . 5  Lea c h i ng o f  f e r t i l i ze r  N :  

N i t r a t e  i s  t h e  ma j o r f o rm o f  N l e ached o u t  o f  t h e  r o o t  

z o n e . Ammon i um N i s  

( Bad z h o v  a nd I k o n omova 

J o n e s et al 1 9 7 7 ;  

s e l d om 

1 9 7 1 ;  

L o g an e t  

f o un d  i n  the d r a i n ag e wa t e r  

E r i ck so n  a nd E l l i s  1 9 7 1 ;  

a 1  1 9 8 0 ) . Thom a s  ( 1 9 7 0 ) , 

r ev i �w i n� n i t r o g e n  m ob i l i ty i n  s o i l s , po i n ted o u t  t h a t  

a l though n i t r a te i s  t h e  f o r m  o f  N g en e·r a l l y  leache d  i n  m a n y  
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s o i l s , a mmo n i um i o n s  c o u l d bec ome f r e e l y  mob i l e i f  t h e y  

ove r l o ad the s o i l  s y s t em o r  ex i s t  i n  a s o i l  w i th n eg l i g ib l e  

ca t i on e x c h a ng e  capac i ty .  U r e a  N can a l s o b e  l e a ch ed a s  i t  

i s no t s t r o ng l y  ad s o rbed i n  s o i l s ( Tom l i n s o n  1 9 7 0 ; Te rm a n  

e t  a l  1 9 7 0 ) . Sma l l  qua n t i t i e s  o f  N m a y  b e  l eached i n  t h e  

fo rm o f  d i s s o l v ed g a s e s  ( Dovld e l l  e t  a l  1 9 7 9 ) . Amo u n t s  o f  

o r g a n i c  N l e ached a r e  neg l i g i b l e  ( Ch i c h e s t e r  1 9 7 7 ) . 

Amo u n t s  o f  fe r t i l i z e r  N l e ach i ng l o s s e s , i n  g en e r a l , 

a r e  r e l a t ed t o  t wo f a c t o r s : ( i )  r a te o f  f er t i l i z e r  N 

app l i c a t i o n ( i i )  amo u n t  o f  wa t e r  tha t  d r a i n s i n  the s o i l . 

( i ) F er t i l i z e r  N a pp l i c a t i o n  r a te : E x p e r ime n t a l  

ev i d e n c e  ( Ch i ch e s t e r  1 9 7 7 ; G a s t  e t  a l  1 9 7 8 )  s ug g e s t s  th a t  

the amo u n t  o f  f e r t i l i z e r  N l e a ched wo u l d  be i n  p r o po r t i o n  t o  

the N a pp l i c a t i o n  r a t e . I n  a l ys ime te r s t ud y  w i th a c o r n  

c r op , Ch i ch e s t e r  ( 1 9 7 7 )  r e po r ted t h a t  t h e  amo u n t s  o f  

f e r t i l i z e r  N l e a ched we r e  a b o u t  1 0 0 - 1 3 0  and 2 4 0  k g N /ha f o r  

the 1 7 8  a n d  3 3 6  kg N/ha r a te s  o f  f er t i l i z e r  a pp l i c a t i o n , whe n  

abo u t  3 0 0  mm o f  d r a i na g e  occ u r r ed . T h e  N c o ncent r a t i o n  i n  

the l e a c h a t e  a l s o f o l l owed s im i l a r t r e nd s ; N c o ncen t r a t i on s  

be i ng 3 0  a nd 7 0  ppm f o r the 1 7 8  and 3 3 6  k g N/ha app l i c a t i o n 

r a te s . I n  a t h r e e  y e a r  s tudy , G a s t  e t  a l  ( 1 9 7 8 )  

i nv e s t i g a ted n i t r a te l e a c h i ng l o s s e s  i n  a t i l e-d r a i n ed c l ay 

l o am s o i l  w i th c o n t i nu o u s  c o r n  c rop f e r t i l i z ed w i th t h r e e  

r a te s  o f  N a pp l i c a t i o n  ( 1 1 2 ,  2 2 4  a nd 4 4 8  kg N/h a  app l i ed 

annua l l y ) . They f o und t h a t  n i t r a te l o s se s  o v e r  t h r ee y e a r s ,  

i n  1 2 8  mm d r a i n ag e th r o u g h  t i l e  l i n e s , we r e  2 5 ,  5 9 , and 1 2 0  

kgN/ha r e s pec t i ve l y  f o r  the t h r ee t r ea tme n ts , i nd i c a t i ng 

tha t  a p r opo r t i o n a l  amo u n t  o f  the app l i ed N ( ab o u t  2 5  % )  wa s 

l e ac hed . 



( ii ) Amount o f  d ra i na ge wat e r :  
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Hood ( 1 976 ) showed tha t N 

leaching l o s s es we re d ependent on the amount o f  d rainage ; b u t  

no t on t h e  t o tal amount o f  rai n faJ. J . He rep o rted that about 

50� less ni t rate was lost i n  J.ea cha t e  due to reduc ed amount o f  

d ra i nage , du ring a wet yea r ( 732 mm ra i nfa l l ) tha t foll o wed a 

d ry year ( 432 mm ra infa l l ) , than \vhen a ;.1e t  yea r ( 709 mm 

rai n fa ll ) followed a wet yea r  ( 700 mm rain fa ll ) . 'l'he amounts 

of d rainage were 1 22 mm and 1 9 1 mm res p e c t ively ,  for the w e t  

year foll.owing a d ry year and f o r  the wet year fol. l .owing a wet 

yea r .  The reduc ed d ra i na ge i n  t h e  w e t  year fol low i ng a d ry 

yea r , resu l ted f ro m  a par t  o f  the p rec ipi ta t i o n  bei n g  used up 

to re cha rge the s o i l  moi s t u re d e fi c i t . NcNeal and Pra t t  

( 1 978 ) summa r i s e d  the resul. ts o n  N lea c hi n g  lo sses in 

i rriga t ed c roplnnds o f  C a l i fornia . Lea c h i ng l os s es commonly 

ranged f rom 25 to 50% o f  the N applied in most cropping 

s i tua t ions , and we re d ependent on the amount o f  excess wa t e r  

pas s i n g  thro ugh the crop roo t  zone . 

V/hen preferential flow o ccu rs , t he amo u nt of N leached i s  

unl ikely to b e  re lated t o  the amount o f  dra i na ge .  \h th 

p re fe rential movement of wa t e r  i n  s o i l , rel.a t i vely larger 

amounts o f  surfa c e  app lied fe rt i l i ze r  coul.d rema i n  nea r the 

s o i l. su rfa c e  whi l e  s ome f e r t i li z e r  could be leached t o  grea t e r  

d epths , than p red icted by mis cibl .e  d is p J.ace ment theo ry . 

Ki s s e l  et a l  ( 1 97 6 )  repo r t ed tha t  m o s t  o f  t h e  su rfa ce appJ. i ed 

ca l c ium ni t ra t e  re mained near the s o i l su rface foJ .lowing a 

heavy rai ns t o rm ( 44 mm ) that o c cu rred 2 days a f t e r  i t s  

app l i ca t ion ; whi le sma l l  amounts ( 1  ppm ) o f  ni t ra te moved 

d own t o  a d e p th of 1 . 2 m .  Shufo rd e t  a l  ( 1 977 ) a l s o  rep o r t e d  

that the vert i c a l. d is t ribution p ro fi les o f  fe r t i l. i z e r  ni t ra t e  

o b tained f o l J.owing a 1 78 m m  d ra i nage . . . . .  --- ·- --- ____ _. 
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eve n t , s h owed l i t t l e  d i s p l ac em e n t  o f  n i t r a t e  t o  l ow e r  

dep t h s ,  d u e  t o  p r e f e r e n t i a l  f l ow o f  d r a i n a g e  w a t e r . 

th a t  

Thom a s  a nd Ph i l l i ps 

t h e  amo u n t  o f  N 

( 1 9 7 9 )  po i n ted 

l e ached by 

o u t 1 i n  a 

p r e fe r e n t i a l 

r ev i ew , 

f l ow o f  

d r a i n a g e  w a t e r:  i n  t h e  s o i l  wo u ld be r e l a t ed t o  the r a te o f  

wa t e r  m o v emen t i n  the m a c ropo r e s  a s  c ompa r ed w i th t h a t  i n  

t h e  m a i n  m a t r i x  o f  the s o i l . The s e  two r a t e s  o f  wa t e r  

movemen t  w o u l d  b e  a f f e c t ed by r a i n fa l l  i n te n s i ty ,  so i l  

s t r u c t u r e , r e l a t i v e  p r o po r t i on o f  m i c r o  a nd m a c r o  p o r o s i ty , 

a n d  a n t e c ede n t  s o i l  w a t e r  c o n t e n t . U n f o r t u n a te l y , t h e  

e f fe c t s  o f  t h e s e  f a c t o r s  o n  t h e  amo u n t o f  N l e a c h ed b y  

pr e fe r e n t i a l  f l ow h a v e  n o t been quan t i f i ed . 

The c o nd i t i o n s  u nd e r  wh i c h  p r e fer e n t i a l  f l ow i s  l i k e l y  

t o  o c c u r  h a v e  b e e n  r epo r t ed by Sc a t t e r  ( 1 9 7 8 ) , and S c a t t e r  

a n d  Kancha n a s u t  ( 1 9 8 1 ) . P r e fe r e n t i a l f l ow i n  s a t u r a ted s o i l  

i s  l i k e l y  t o  b e  o f  g r e a t e r  mag n i tude t h a n  u nd e r  un s a t u r a te d  

c o nd i t i o n s . Ro o t  a nd w o rm c ha n n e l s ,  s ome t im e s  i n  

a s s o c i a t i o n  w i th i nc i p i e n t  f r ac tu r e  p l a n e s , wo u l d  be t h e  

m a i n  p r e f e r en t i a l p a thwa ys . 
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2B . l . l  ' S i ng l e  N t r a n s f o rm a t i o n ' mod e l s and N s y s t em 

mod e l s :  

Sev e r a l  ' s i ng l e  N t r a n s f o rm a t i o n '  mod e l s  th a t  s i mu l a te 

the v a r i o u s  i nd i v i d ua l  N t r a n s f o rma t i o n s  s u c h  a s  u r e a  

hyd r o l y s i s  ( S a n k h a ya n  a n d  Shu k l a  1 9 7 6 )  n i t r i f i c a t i o n 

( Mc L a r en 1 9 6 9 1  1 9 7 1 )  1 i mmob i l i s a t i o n m i n e r a l i s a t i o n  

( K i r kh a m  a nd Ba r th o l omew 1 9 5 4 ) p l a n t  upt a ke ( Ep s te i n  a nd 

Hagen 1 9 5 2 ; Rao a n d  Ra i n s 1 9 7 6 )  1 l e ach i n g  ( B 0 r n s  1 9 7 5 1 1 9 7 6 ;  

Cho 1 9 7 1 )  and m i ner a l i s a t i o n o f  so i l  o r g a n i c  ma t t e r  

( Gr e e n l a nd 1 9 7 1 ; Ru s s e l l  1 9 7 5 ) , h ave b e e n  r e p o r ted . The 

pu rpo s e  for dev e l op i ng such m od e l s  has been t o  und e r s t a nd 

the n a t u r e  o f  the b a s i c  mechan i sm i nv o l v ed by s t ud y i ng a n  

i nd i v id u a l  N t r a n s f o rma t i o n und e r  c o n t r o l l ed and d e f i n ed 

cond i t i o n s . Such an a p pr o ac h  i s  n ec e s s a r y  a s  t h e  

s im u l t a n e o u s  i n te r p l ay o f  s ev e r a l  N t r a n s f o rm a t i o n s  i n  s o i l  

c r e a te a c omp l i c a ted N s y s tem . On the o th e r  h a nd , the s t ud y 

o f  a s i ng l e N t r a n s f o rma t i o n  i n  i s o l a t i o n  o f  the r e s t  o f  the 

t r a n s f o rma t i o ns h a s  l im i t ed a p p l i c a t i o n  t o  the N s y s tem a s  a 

who l e . 

Sy s t em l ev e l  N mod e l s t a k e  a n  i n teg r a ted a pp r o a c h  t o  

s imu l a te s imu l ta n eo u s l y  s ev e r a l  N t r a n s f o rm a t i on s  o c c u r r i ng 

i n  a N s y s t em .  Sever a l  N s y s t em mod e l s h a v e  b ee n  pr opo sed 

wh i c h  r a nge f r om c o ncept u a l  f r amewo rk mod e l s ( e . g . End e lm a n  

e t  a l  1 9 7 2 )  t o  c ompu t e r  s im u l a t i o n  mod e l s (e . g . T i l l o t son 

and Wag e ne t 1 9 8 2 ) . Such N m od e l s a r e  u s e f u l  e i th e r  a s  

r e s e a i ch . too l s  tha t s umma r i z e a nd d e sc r i b e  the comp l e x  N 

sys t em (e . g . ,  T a n j i e t  a l  1 9 7 9 )  1 o r  a s  m a n a g ement t o o l s  
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e i ther i n  e nv i r o nm e n t a l  n i t r a t e  p o l l u t i o n s t ud i e s  ( e . g . , 

Sha f f e r  a nd G u p t a  1 9 8 1 )  or  fe r t i l i ze r  N r equ i r em e n t s t ud i e s  

( e . g . , Ge i s t e t  a l  1 9 7 0 ) . 

Reg a r d l e s s  o f  the u s e  t o  wh i ch N s y s t e m  mod e l s  a r e  p u t  

t o , t h e y  v ary w i d e l y  i n  scope . Mo s t  N s y s t em mod e l s a r e  

sma l l  s c a l e  sys t em mod e l s ,  a nd o n l y  a f e w  a r e  l a r g e  s c a l e  

s y s tem model s .  Sma l l  s c a l e  s y s t em m od e l s  ( e . g .  T i l l o t s o n  

a n d  Wa g e n e t  1 9 8 2 )  a r e  d e v e l oped w i th d a ta o b t a i n ed f r om 

sma l l  s c a l e  e x p e r ime n t s  ( Wa g e n e t  et a l  1 9 7 7 ) . Such mod e l s  

s im u l a t e  N a nd wa t e r  f l ux e s  i n  sma l l  s c a l e  sy s t ems s u c h  a s  

l y s ime t e r s  ( e . g . , D u t t  e t  a l  1 9 7 2 ) , and i nc ub a t i o n  

e x p e r i me n t s  ( Reddy e t  a l  1 9 7 9 a , b ) . Mo s t  o f  t h e  sma l l  s c a l e  

s y s t em mod e l s  h a v e  been f u l ly o r  pa r t ly v e r i f i ed w i th sm a l l  

s c a l e  s t ud i e s . 

L a r g e  sca l e  s y s t em mod e l s  h a v e  b e e n  d e s i g ned t o  

s imu l a te N p r o c e s se s  o c cu r r i ng i n  l a r g e  s c a l e  s y s tems s uch 

a s  wa t e r shed s a nd i r r i g a t i o n  pr o j ec t s  ( e . g . , Sha f f e r  and 

Gupta 1 9 8 1 ) . Whe r e  p a r am e t e r i s a t i o n o f  s uc h  m od e l s  i s  made , 

d a t a  o b t a i ned f r om sma l l  s c a l e  s t ud i e s  a r e  u s ed . The 

r e s u l t s  s im u l a ted i n  the s e  l a rg e  s c a l e  s y s tem mod e l s h ave 

n o t b e e n  v e r i f i ed w i th d a ta o b t a i n e d  f r om l ar g e  s c a l e  

s t ud i e s , p r e s um a b l y  d ue t o  a l ac k  o f  s u i t a b l e  d a t a . 

N mod e l s  h a v e  cha r a c t e r i s t i c  t im e  s c a l e s . The t i me 

s c a l e  for a N m o d e l  d ev e l oped for a c r o p p i ng s y s t em 

( e . g . , Wa t t s  a nd H a n k s  1 9 7 8 )  i s  r e s t r i c ted by the d u r a t i o n o f  

a c r o p  ( ab o u t  1 5  wee k s ) . Mod e l s  s uch a s  tho s e  ( by Sha f fe r  

a nd Gup t a , 1 9 8 1 )  u s ed b y  t h e  u . s .  Bu r ea u  o f  Rec l ama t i o n  t o  

ev a l ua te t h e  w a t e r  q u a l i ty o f  r e t u r n  f l ow s  f r om i r r i g a t i o n  

p r o j ec t s , r u n  c o n t i nu o us l y .  
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2B . l . 2  S t a t i c  a nd d y n am i c  m o d e l s :  

S t a t i c mod e l s  ( Ge i s t e t  a l  l 9 7 0 i S o p e r  e t  a l  1 9 7 l i  

N u t t a l l  l 9 7 3 i S t a n f o r d 1 9 8 2 )  b a sed o n  r eg r es s i o n  a n a l y s i s  

o f  s o i l  and p l a n t  t e s t  d a t a  f o r  N ob t a i ned f r om f i e l d 

t r i a l s , make s t a t i c  a c co u n t i ng o f  N g a i n s , l o s s e s  and 

e x cha n g e s . S u c h  mod e l s  do no t take i n to a c c o un t the d y n am i c  

n a t u r e  o f  N t r a n s po r t  a nd t r a n s fo rma t i on s  i n  s o i l  and t h u s  

a r e  n o t  c apab l e  o f  p r ed i c t i ng c a u s e  ( e . g . , r a i n f a l l )  a nd 

e f f e c t  ( N  l e a c h i n g ) r e l a t i o n sh i ps . Th i s  l i m i t s t h e  

appl i c a t i o n  o f  s uch mod e l s t o  a d i f f e r e n t  c l i ma t i c  

s i t ua t i o n . Dynam i c  mode l s  ( Meh r a n  a nd T a n j i 1 9 7 4 i D u f fy e t  

a l  1 9 7 5 , i W a t t s  a nd Hanks  1 9 7 8 i  S e l im and I s k a nd e r  l 9 8 l i  

T i l l o t s o n  and Wag e n e t  1 9 8 2 ) , o n  the o t h e r  h a nd , a r e  b a s ed o n  

r a t e o f  cha n g e  equa t i o n s  o f  the g i v en N f o rm s  i n  s o i l , w i t h  

s i nk a nd s o u rce t e rm s . Such m od e l s  a r e  p r o c e s s  o r i e n t ed i n  

tha t phy s i c a l , b i o l og i c a l , and chem i c a l  p r oc e s s e s  a r e  

s i mu l a ted s im u l t a n eo u s ly . They a r e  c a p a b l e  o f  p r ed i c t i ng N 

p o o l  s i z e s , a nd the N l o s s e s  and g a i n s  f r om the s e  po o l s .  

Howeve r , they a r e  n o t  appl i c a b l e  to a l l  s o i l - wa t e r - p l a n t  

s i tua t i o n s  bec a u s e  each dyn am i c  mod e l  h a s  a d eg r ee o f  

s i t e - s pec i f i c i ty ,  s i nce each o f  t h e s e  dynam i c  m od e l s  h a s  

been f o rm u l a ted f o r  a spec i f i c l o c a l  c o nd i t i o n . App l i c a t i o n 

o f  a g i ven d y n am i c  m od e l  t o  a d i f f e r e n t  s e t  o f  e x p e r imen t a l  

c o nd i t i o n s  u s u a l l y requ i r e s  r e c a l i b r a t i o n o f  mod e l  

pa r ame t e r s . 

2B . l . 3  Dynam i c  mod e l s o f  N t r a n s po r t  a n d  

t r a n s f o rma t i on s  i n  s o i l  

The two impo r t a n t  p r o c e s s e s  i nv o l ved i n  N s i m u l a t i o n 

a r e : ( i )  N movement ( t r a n s po r t )  c a u sed �a i n l y  by wa t e r  
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movem e n t ;  a nd ( i i )  b i ochem i c a l  p r o c e s s e s  ( t r a n s f o rm a t i o n s ) . 

M od e l s  o n  N t r a n s f o rmat i o n s  a l one ( Mehr a n  a nd T an j i 1 9 7 4 ; 

Came r o n  a nd Kowa l e n k o  1 9 7 6 )  a re f o rmu l a ted f o r  s i mu l t a n e o u s  

compu t a t i o n o f  sever a l  N t r a n s f o rma t i o n s  l i ke 

ammon i f i c a t i o n , 

m i ne r a l i s a t i o n , 

n i t r i f i c a t i o n , 

immob i l i s a t i o n , i o n  

u p t a k e .  Th i s  t ype o f  a m o d e l  t a k e s  

d en i t r i f i c a t i o n , 

e x c h a n g e  a n d  

i n to a cc o u n t  

p l a n t  

the N 

t r an s fo rma i i o n s  occ ur r i ng i n  a spa t i a l v o l ume b f  s o i l  and 

d o e s  n o t  i nc l ud e  N moveme n t  or t r a n s p o r t  i n  s o i l  d ue to 

wa t e r  movemen t .  On the o th e r  h a nd , mode l s · o n  N t r a n spo r t  

a n d  t r a n s f o rm a t i on s  s i mu l a t e s i m u l taneo u s l y  the c h a n g e s  i n  N 

r e s u l t i ng f r om N movemen t a n d  N t r a n s f e r s b e t w e e n  d i f f e r e n t  

p o o l s .  Dyn am i c  mod e l s o n  N t r an spo r t  a nd t r a n s f o rma t i o n s  

a r e  m o r e  v a l u ab l e  t h a n  the mod e l s  o n  N t r a n s f o rma t i on s  

a l o n e , s i nce the f o rm e r  mod e l s  t a ke a n  i n t eg r a t ed a p p r o ach 

o n  N moveme n t a nd t r a n s f o rm a t i o n s , and thu s  r e l a te b e t t e r  to 

p r ac t i c a l  s i t u a t i o n s . 

2B . 2  Mod e l l i ng pr i nc i p l e s  a n d  app r o a c h e s  

Mecha n i s t i c  a s  we l l  a s  emp i r i c a l app r o aches h a v e  b e e n  

u s ed i n  d e v e l o p i ng dynam i c  mod e l s  o n  N t r a n s po r t  a nd 

t r a n s f o rma t i o n s . I n  the mecha n i s t i c  a p p r o ach , phys i c a l  l aws 

and ma thema t i c a l  r e l a t i o n s  a r e  used to  qua n t i fy the N 

s y s tem , 

emp i r i c a l  

by i nv o k i ng 

app r o ach 

ma s s  c o n s e r v a t i o n  

i nv o l v e s  s t och a s t i c  

p r i nc i p l e s . The 

appr o x i m a t i o n s , 

r e g re s s i o n  a n a l y s i s  a nd u s e  o f  c u r v e- f i t t i ng tec h n i ques o n  

e x pe r i m e n t a l d a t a . Mo r e  o f te n  both appr o a c h e s  a r e  u s ed 

s imu l ta n e o u s l y  i n  mod e l  f o rm u l a t i o n . 

Dyn am i c  m od e l s o n  N t r a n spo r t  a nd t r a n s f o rm a t i o n s  

s imu l a te , s im u l t a n eo u s l y , t h e  N movem e n t  a nd b i o c h em i c a l  
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t r a n s f e r s , but s i nc e  n o t  a l l  o f  the N s pec i e s  a r e  m o b i l e ; 

t h e  N t r a n s po r t  a nd t h e  N t r a n s f o rm a t i o ns a r e c o n s i d e r ed 

i nd e p e nd e n t l y  f o r  c l a r i ty .  

2B . 2 . 1  N t r a n s po r t : 

The theo r e t i c a l  bas i s  f o r  the d y n am i c  s imu l a t i o n o f  

w a t e r  a nd N f l u x e s  i s  the e q u a t i o n  o f  c o n t i n u i ty e x p r e s s ed 

i n  the f o rm ( B r e s l e :r  1 9 7 3 ) : 

d ( 8C
i ) /d t  = d/d z { D ( v , e )  d C i /d z }  - d /d z ( qC i /d z )  � P i ( 2 • l )  

whe r e  C i i s  the c o n c e n t r a t i o n  o f  the s o l u t e  N spe c i e s  i ,  e 

i s t h e  v o l urn e t r i c s o  i 1 Vl a t e  r c o n  t e n t  , . t i s t i me , z i s t h e  

ve r t i c l e  space c o o r d i n a t e , D i s  t h e  d i sp e r s i o n coe f f i c i e n t , 

v i s  the aver a g e  p o r e  w a t e r  v e l o c i ty ,  q i s  the v o l um e t r i c  

w a t e r  f l ux , a nd ? i i s  the s i nk/so u r c e  t e rm fo r s o l u t e N 

spec i e s  i .  

Some mod e l s  ( e . g . ,  Beek and F r i s s e l  1 9 7 3 )  u t i l i s e 

equa t i o n  ( 2 . 1 ) . Such mod e l s  s imu l a te wa ter f l ow i n  d i s c r e t e 

so i l  l aye r s  and c a l c u l a t i o n s  f o r  the s i n k / s o ur c e  t e rm a r e  

made i ndependent o f  the d i s per s i o n  and c o n v ec t i o n  t e rm , 

w i t h i n  a g i ven s o i l  l ay e r  over a g i v e n  t ime i n te r v a l , a nd 

the new concen t r a t i on v a l ue s  o f  N a r e  u s ed i n  N t r a n s po r t  

f r om one l a y e r  t o  a n o th e r . Some pa r ame t e r s ( l i k e  d i sp e r s i o n  

coe f f i c i en t )  h a v e  un i que v a l ue s  o n l y  i n  r e l a t i on t o  a 

pa r t i c u l a r  s e t  o f  s o i l  c o nd i t i o n s  a nd to the me thod s 

empl oyed f o r  t h e i r  mea s u r emen t . Al s o  p r oc e s s e s  l i k e  t h e  

p r e f e r e n t i a l  f l o w  o f  s o i l  wa t e r  and the r e s u l t i ng N f l u x e s  

a r e  n o t  c o n s i d e r ed . Beca u se o f  s uch l i m i t a t i o n s , t h e s e  

m od e l s  a r �  u n l i ke l y  t o  be suc c e s s f u l  u n d e r  a w i d e  r a n g e  o f  

f i e l d  c o nd i t i o n s . 
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Mo r e  s impl i f i ed mod e l s  ( e . g . ,  Dav i d s o n  and Rao 1 9 7 8 )  

t a k e  a n  i n teg r a ted v i ew o f  th e N t r a n s f o rma t i o n s  a n d  

t r a n s po r t  over t h e  wh o l e  s o i l  pr o f i l e a nd s i mpl i f y equa t i o n 

( 2 . 1 ) t o  

d ( 8C i ) /d t  ,( 2 .  2 )  

Dav i d s o n  a nd Ra o ( 1 9 7 8 )  t e s t ed the i r  s impl i f i ed mod e l  

a g a i n s t  exper imen t a l  d a t a  p ub l i shed b y  N a N a g a r a  e t  a l  ( 1 9 7 6 )  

a nd Wa t t s  and Hank s ( 1 9 7 8 ) , a n d  r e p o r t ed tha t the g r o s s  

s im p l i f i c a t i o n  o f  equa t i o n  ( 2 . 1 ) , c o n t r i b u ted t o  l a r g e  

d ev i a t i o n s  i n  pred i c ted d a t a  ( up t o  ! 7 7 % )  o v e r  me a s u r ed d a ta 

f o r  N u p t a k e  by co r n . Th u s , s uch s i mpl i f i c a t i on s  may n o t  

p r o d u c e  t h e  d e s i r ed r e s u l t s  i n  mod el pr ed i c t i o n s . 

S a x t o n  et  a l  ( 1 9 7 7 )  u s ed a s toch a s t i c  a pp r o ach f o r  

mod e l l i n g  N t r a n s po r t  i n  a we l l - ae r a ted , permeab l e  s o i l  

p r o f i l e  o f  1 . 8 m d ep t h . The so i l  pr o f i l e w a s  d i v i d ed i n to 

1 2  l a ye r s  ( s egme n t s )  o f  1 5 0 mm each . A s s um i ng un i f o rm 

n i t r a t e  c o n c e n t r a t i on w i t h i n  each l aye r , n i t r a t e qu a n t i t i e s 

l e a v i ng o r  e n te r i ng a l a ye r  were c a l c u l a ted a s  the prod u c t  

o f  t h e  c omputed wa t e r  m o v emen t a nd t h e  c om p u t ed n i t r a t e  

c o nc e n t r a t i o n .  The s o i l  w a t e r  f l u x e s  we r e  c ompu t ed w i th a 

so i l  mo i s t u r e -evapo t r a n sp i r a t i o n submod e l . The n i t r a te 

s ubmo d e l  w a s  e s s e n t i a l ly a n i t r a te b ud g e t  f o r  the s o i l  

p r o f i l e  t h a t wa s used t o  c ompu te n i t r a t e amo u n t s  a nd 

d i s t r i b u t i o n  i n  e ach s o i l  l ay e r . T e s t i ng t h i s  model f o r  

s o i l m o i s t u r e  c o nd i t i o n s  we t te r  th a n  f i e ld c a pa c i ty ,  they 

c o n c l u d ed tha t the mod e l  p r ed i c ted e x ce s s  n i t r a te m oveme n t ,  

and s ug g e s ted tha t a term r e f l ec t i ng t h e  l ea c h i ng e f f i c i e n c y  

may b e  r equ i r ed f o r  e x c e s s  s o i l  mo i s t u r e  c o nd i t i o n s . An 

oppo r t u n i ty e x i s t s  to u s e  the i r  app r o a c h  w i th su i tab l e  
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mod i f i c a t i o n  suc h  a s  i nc l u s i o n  o f  a p r o po r t i o n a l i ty c o n s t a n t  

i n  o r d e r  t o  more  c l o s e l y  app r o x imate the m ea s u r ed d a t a . 

2 8 . 2 . 2  N t r a n s f o rm a t i o n s  

T h e  N t r a n s f o rma t i on s  i nc l u d e  

n i t r i f i c a t i o n , i mmob i l i s a t i on , 

amm o n i f i c a t i o n , 

m i ne r a l i s a t i o n , 

d en i t r i f i c a t i o n , i o n  e x ch a ng e , ammo n i a  vol a t i l i s a t i o n , 

b i o l og i ca l  N f i x a t i o n , and u r ea hyd r o l y s i s .  T h e r e  i s  no N 

mod e l  t h a t ta k e s  i n to a c c o un t a l l  the se N t r an s f o rm a t i o n s . 

Mo s t  m od e l s  d o  n o t  c o n s i d e r  de n i t r i f i c a t i o n  ( D u t t  e t  a l  

1 9 7 2 ;  Beek and Fr i s s e l  1 9 7 3 ;  Wa t t s  a nd H a n k s  1 9 7 8 )  a nd 

m i n e r a l i s a t i o n  immob i l i sa t i o n  ( S e l im a n d  I s k a nd a r  1 9 8 1 ;  

T i l l o t s o n  a nd Wag e n e t  1 9 8 2 ) . Such om i s s i o n  o f  o n e  o r  mo r e  

t r a n s f o rma t i o n s  i n  a n y  mod e l  i s  o f ten d u e  t o  ( i )  a d ea r th o f  

ava i l a b l e  d a t a  o n  s uch t r a n s f o rm a t i on s , a nd ( i i )  

s i t e - s p ec i f i c c o nd i t i o ns whe r e  s uc h  t r a n s f o rm a t i o n ( s )  

p l a y ( s ) a m i no r r o l e  a nd thus  neg l i g i b l e . A f e w  mod e l s 

i nc l ud e  t r a n s f o rma t i o n s  s uc h  a s  u r e a  hyd r o l ys i s  ( e . g . , Du t t  

e t  a l  1 9 7 2 ;  T i l l o t s o n  a nd Wag e n e t  1 9 8 2 ) , ammo n i a  

v o l a t i l i s a t i o n ( Reddy e t  a l  l 9 7 9 b ) , i o n  e x ch a ng e  ( Me h r a n  a nd 

T a n j i 1 9 7 4 ;  S e l im a n d  I s k a nd er 1 9 8 1 ) , a nd b i o l og i c a l  N 

f i x a t i o n  ( D u f f y  e t  a l  1 9 7 5 ) . 

N t r a n s f o rma t i o n s  a r e  d e s c r ibed by mec h a n i s t i c  o r  

emp i r i c a l  mode l s .  Mo s t  mechan i s t i c m od e l s i nv o l ve c h em i c a l  

k i n e t i c s , ma i n l y  f i r s t  o r d e r  ( e . g . ,  Meh r an a nd T a n j i 1 9 7 4 ; ) ;  

o r  M i ch a e l i s -Me n ten t ype o f  k i n e t i c s a s  a d o pted by Beek a nd 

Fr i s s e l  ( 1 9 7 3 ) to d e s c r i b e  the g r owth o f  ammo n i f i e r s  a nd 

n i t r i f i e r s .  Emp i r i c a l  mod e l s  

( Du t t  e t  a l  1 9 7 2 )  o r  a l g eb r a i c 

1 9 7 5 ;  Wa t t s  and H a n k s  1 9 7 8 ;  

i nc l ud e  mu l t i p l e  r eg r e s s i o n  

e x p r e s s i o n s  ( D u f f y e t  a l  

Redd y  e t  a l  1 9 7 9 a , b ) . 
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Emp i r i c a l  mod e l s  r eq u i r e e l ab o r a t e e x p e r imen t a l  d a t a  f o r  

i nd i v i d u a l  t r a n s f o rma t i o ns i n  o rd e r  t o  ob t a i n  reg r e s s i o n 

equa t i o n s  o r  a l g e b r a i c  e x p r e s s i o n s  d e s c r i b i ng t h e  

t r an s fo rm a t i o n s . The d i s ad v a n t ag e  w i th s uch emp i r i c a l  

m od e l s  i s  tha t  they h a v e  a h i g h e �  d eg r ee o f  s i t e - s pec i f i c i ty 

th a n  m e c h a n i s t i c  m6d e l s ,  and s o  a r e  n o t  appl i c a b l e  t o  a 

w i d e r  r a ng e o f  s o i l  - c r o p  - c l imat e c o nd i t i o ns . On t h e  

o t h e r  h and , mec h a n i s t i c  mod e l s do n o t  c omp l e te l y  d e s c r i b e  

the t r a n s f o rm a t i o n s , s i nce the b i o l og i c a l  m e c h a n i sm i nv o l v e d  

i n  a ny N t r a n s f o rm a t i on c a n  n o t  b e  f u l l y d e s c r i b ed b y  

chem i c a l  k i ne t i c s  a l o n e . 

o rd e r  k i ne t i c s  m a y  

m i c r ob i a l l y m ed i a ted N 

1 9 7 8 ) . 

Howev e r , f o r  s i m p l e  mode l s , f i r s t  

be s u i t a b l e  f o r  d e sc r i b i ng the 

t r an s f o rm a t i o n s  ( Ta n j i a nd G u p t a  

Some m od e l s  ( e . g . ,  Wa t t s  a nd Ha n k s  1 9 7 8 )  t a k e  i n t o  

a c c o u n t  e f f e c t s  o f  env i r o nm en t a l  c o nd i t i o n s  s uch a s  

tempe r a t u r e  o n  r a te c o n s t a n t s  s o  t h a t  i t  p a r t i a l l y r eg u l a t e s  

N t r a n s f o rm a t i o n s , b u t  o th e r s  i g no r e  t h i s  f a c t o r  ( Me h r a n  a nd 

T a n j i 1 9 7 4 ;  Du f f y  e t  a l  1 9 7 5 ) . A f e w  m od e l s  ( Beek a n d  

F r i s se l  1 9 7 3 ; S e l i m  a nd I s k a nd a r  1 9 8 1 )  a l s o t ake i n t o  

a c c o un t e f f e c t s  o f  s o i l  mo i s t u r e  c o n ten t o n  N 

t r a n s f o rm a t i o n s . I t  a p pe a r s  t h a t  t h e r e  i s  no m e c h a n i s t i c  

app r o ac h  tha t c a n  be u s e d  t o  i n c o r po r a t e , i n to the mod e l , 

t h e  e f f e c t  o f  e nv i r o nmen t a l  f a c t o r s  o n  N t r an s f o rma t i on s ; 

a l l  m od e l s th a t  t a k e  i n t o  a c c o u n t  the s e  e f f e c ts h a v e  u s e d  

o n l y  emp i r i c a l  a p p r o a c h e s . 

( 1 9 8 1 )  p r o p o s ed a n  emp i r i c a l  

Rece n t l y , F r i s s e l  and v a n  Vee n  

a pp r o a c h  o f  u s i ng reduc t i o n  

( c o r r e c t i o n )  f ac t o r s  o n  the k i ne t i c  r a te c oe f f i c i e n t s , i n  

o r d e r  t o  take  i n t o  a c c o u n t  a s im u l tane o u s  e f f e c t  ( r ed uc t i o n  



e f fec t )  o f  s o i l  t empe r a t u r e , mo i s t u r e  a nd pH . 

equa t i o n  i s  : 

Red uc t i o n e f fec t = TCOF x WCOF x PHF 
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The i r  

where TCOF , WC OF , PHF a r e  c oe f f i c i en t s  for s o i l  t empe r a t u r e , 

mo i s t u r e  a nd pH , r e spec t i v e l y . So i l  t empe r a t u r e i s  

con s i d e r ed a s  a p r im� r y  f a c to r  b e c a u s e  o f  syn e r g i s t i c a s  

we l l  a s  a n t a g o n i s t i c  i n te r a c t i o ns amo ng the s e  f a c t o r s . 

Red u c t i o n  e f fect i s  s e t  equ a l  t o  TC OF m u l t i pl i ed by the 

m i n imum v a l ue of  WCOF and P H F . It app e a r s  th a t  the i r  

approach may h a v e  s ome pote n t i a l  f o r  use i n  s imp l e  mod e l s . 

2B . 2 . 3  N u p t a k e  by p l a n �s 

N i t r og � n  uptake by p l a n t s  i nv o l v es the m o v emen t o f  

w a t er s o l u b l e  N spec i e s  ( ammo n i um a nd n i t r a t e )  t o  the r o o t s  

f o l l owed b y  the i r  abso rpt i o n  a c r o s s  the r o o t  sur f a c e s . Ma s s  

f l ow a nd d i f f u s i o n a r e  the two m a j o r  p r oces s e s  by wh i ch 

these N spec i e s  a r e  t r a n s po r ted to the r o o t s  ( Nye a nd Sp i e r s  

1 9 6 4 ;  O l s en a nd Kempe r 1 9 6 8 ) . Convec t i ve f l ow o f  wa t e r  

towa r d s  r o o t s  i n  r e spo n se t o  t r a n s p i r a t i o n r e s u l t s  i n  m a s s  

t r a n spo r t  o f  ammo n i um a nd n i t r a te ,  to the r o o t s  a l o n g  w i th 

the wa ter . The c o n c e n tr a t i o n  o f  the se i o n s  a t  the r o o t  

s u r face d ec r ea s es when t he r a te o f  r o o t  uptake  e xc eed s the 

r a te o f  s upply of the s e  i o n s  by ma s s  f l ow . D i f f u s i o n  o f  

ammo n i um a nd n i t r a te t o wa r d s  the r o o t s  then o c c u r s  d ue t o  

concen t r a t i on g r ad i e n t . I t  appe a r s  tha t d a t a  a r e  no t 

ava i l ab l e  to d e term i ne e x p l i c i t l y  ( i )  the c o n t r i bu t i o n o f  

each p r oc e s s  and ( i i )  the f r a c t i o n a l  up t a k e  o f  amm o n i um and 

n i t r a te by p l a n t s  when b o th s pec i e s  are equa l l y  a v a i l a b l e . 

Th i s  i nhe r e n t  compl e x i ty i n  the dyn am i c  na t u r e  o f  wa te r and 

N uptake  by p l a n t s , m a k e s  f o rmu l a t i o n · of  mecha n i s t i c  m od e l  

f o r  p l a n t  N upta ke v e r y  d i f f i c u l t .  
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S ome m o d e l e r s  ( D a v i d s o n  e t  a l  197 8 ;  S e l i m  a n d I s k a nd a r  

1 9 8 1 )  h a v e  u s e d M i ch a e l i s - M e n t e n  k i n e t i c s  t o  d e s c r i b e  p l a n t  

N u p t a k e . S u c h  m o d e l s  r e q u i r e  i n p u t s  s u ch a s  r o o t  l eng th 

pe r  u n i t  s o i l  v o l um e  and m a x i m um N u p t a ke d em a n d , wh i c h a r e  

d i f f i c u l t  t o  d e t e rm i n e i n  f i e l d  e x p e r i m e n t s . A l s o  t h e s e  

mod e l s a s s ume tha t the M i c h a e l i s  c o e f f i c i e n t  r em a i n s 

c o n s t a n t  t h r o ug h o u t  t h e  g r ow th s e a s o n , Hh i cb i s  n o t  f u l l y  

v a l i d  even  f o r p l a n t s g r o wn i n  s o l u t i o n  c u l tu r e  s t ud i e s  

( B u r n s  198 0 ) .  T i l l o t s o n  a nd Wag e n e t  ( 198 2 )  m o d e l l ed N 

u p t a k e  pe r u n i t  r o o t  l eng th a s  the p r o d u c t  o f  r o o t  

c i r c um f e r e nc e , r o o t a b s o r b i ng po w e r  a nd N c o n c e n t r a t i o n i n  

s o i l  s o l u t i o n . The de f i c i e n c y i n  th i s  m od e l  i s  a g a i n  the 

l aC k o f  d a t a  to  p a r ame t e r i s e r o o t  ab s o rb i ng powe r , r o o t  

r ad i u s ,  r o o t g r owth a n d  d i s t r i b u t i o n i n  s o i l . 

S e ve r a l  rnod e l e r s  ( Du t t e t  a l  1 9 7 2 ; D u f fy e t  a l  1975;  

S a x t o n  e t  al  1977 ; T a n j i a nd Meh r an 1 9 7 9 )  have  a s s umed the  

N uptake  r a te t o  be p r o po r t i o na l  t o  the r a te o f  r o o t  w a t e r  

u p t a k e  and n i t r a te c o n c e n t r a t i o n i n  t h e  s o i l  s o l ut i o n . 

T a n j i a nd Meh r a n  ( 1 9 7 9 )  c o n s i d e r ed u p t a k e  a s  p r o po r t i o n a l  t o  

the p r o d uc t o f  r o o t  wa t e r  e x t r a c t i o n  and c o ncen t r a t i o n o f  

ammo n i um a nd n i t r a te i n  s o i l  s o l ut i on , w i th a 

p r o po r t i o n a l i ty c o n s ta n t  wh i ch c a n  be s e t  t o  un i ty i f  u p t a k e  

i s  a s s umed t o  b e  p r opo r t i o n a l  t o  r o o t  w a t e r  e x t r a c t i o n . I n  

the a b s e n c e  o f  d a t a  o n  s e v e r a l  p l a n t  pa r ame te r s  l i k e  r o o t  

ab s o r b i ng 

a pp r o ach 

p o w e r  a nd r o o t  g r ow t h  c ha r ac te r i s t i cs , the 

o f  T a n j i a nd Meh r an ( 1 9 7 9 )  appe a r s  mo s t  s u i tab l e  

f o r  p u r po s e  o f d ev e l o p i ng a s i mp l e N mod e l , s i nce i t  n e ed s 

l e s s  d a t a  i np u t . 
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Two ma i n  a p p r o a c h e s  seem to h a v e  been e v o l v ed i n  the 

mod e l  f o rmu l a t i o n p r o c ed u r e , depend i ng upon the obj e c t i v e ( s )  

for  d e v e l op i ng the mod e l . Some m od e l s  ( e . g . , Meh r a n  and 

Ta n j i 1 9 7 4 )  are d ev e l o ped to e x am i n e the the o r e t i c a l  a s pec t s  

o f  a N m od e l  sys tem , w i t h o u t  b a s i ng the mod e l  o n  

e x pe r ime n t a l  d a t a . The r a t e  c o n s t a n t s  a r e  e s t i m a t ed 

emp i r i c a l l y and the mod e l  o r  pa r t  o f  the mod e l  i s  t e s t ed 

w i th e x pe r imen t a l  d a t a  r epo r ted i n  the l i te r a t u r e . O n  t h e  

o th e r  h a nd , some mod e l s ( e . g . ,  _Wa t t s  a nd Hanks  1 9 7 8 ) a r e  

d e v e l o p ed f o r  f i e ld appl i c a t i o n w i th obj e c t i ve s  s uc h  a s  t o  

pr o v i d e  b e t t e r  m a n a g ement  g u i d e l i ne s  tha t wo u l d  h e l p  i n  

ma x im i s i ng c r o p  p r od uc t i o n  a nd/or m i n im i s i ng n i t r a te 

pol l u t i o n i n  a g r i cu l t u r a l  d r a i na g e . The appro ach _ ta k e n  by 

such mod e l s  i s  t o  c o l l ec t  d a t a f r om a f i e ld s i te d o c ume n t i ng 

the e f f e c t s  o f  r a te , amou n t ,  and t i m i ng o f  fe r t i l i ze r  and 

i r r i ga t i on a p p l i c a t i o ns , o n  c r op y i e l d  a nd N u p ta k e . The s e  

d a t a  a r e  pa r t l y  u s ed t o  d e v e l op t h e  mod e l , and pa r t l y  t o  

v e r i fy the m o d e l . Th i s  appro a ch h a s  a n  adva n t ag e  i n  t h a t  

t h e  m od e l  s o  d e v e l o ped ha s be t t e r  f i e ld a pp l i cab i l i ty ,  s i nc e  

t h e  mod e l  i s  b a s ed o n  f i e ld d a t a . 

2B . 3 . 2  Steps  i n  dev e l op i ng a N mod e l  

T h e  N mod e l  d e v e l opm e n t  p r o c ed u r e , a s  s umm a r i sed by 

Tanj i and Gup t a  ( 1 9 7 8 ) , c o n s i s t s  o f  c a l i b r a t i o n , v a l i d a t i o n 

a nd v e r i f i c a t i o n . C a l i b r a t i o n r e f e r s  t o  m od e l  

pa r am e t e r i s a t i o n  w i th s yn the t i c  and/o r obs e r v ed d a t a ; 

v a l i d a t i o n  me a n s  t e s t i ng the a l g o r i thm a nd v e r i f i c a t i o n  

mea n s  t es t i ng the mod e l  w i th d a t a o ther . tha n the s e t  u s ed t o  



c a l i b r a t e the mod e l . Mod e l  v e r i f i c a t i o n o r  m od e l  

usua l l y m ea n s  c ompa r i n g  t h e  c omputed r e s u l t s 

p r ed i c t i o n s , w i th e x p e r imen t a l l y  mea s u r ed d a t a . 

s t a t i s t i c a l  co r r e l a t i o n s  be tween p r ed i c ted a nd 
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te s t i ng 

o r  m o d e l  

U s ua l l y 

m e a s ur ed 

v a l ue s  a r e  n o t  r u n ; b u t  the me a s u r ed and p r ed i c ted v a l u e s  

a r e  c o mp a r ed i n  g r aph f o rm . Mo r e  o f ten t h e  p r ed i c ted v a l ue s  

a r e  a t  v a r i a nce w i th the mea s u r ed d a ta ; b u t  i t  a ppe a r s  th a t  

the r e  e x i s t n o  r u l e s  o n  the a c ceptab l e  v a r i a n c e  f o r  the 

p u r p o s e  o f  d ec l a r i ng whe th e r  o r  n o t  the p r ed i c t ed v a l ue s  a r e  

i n  g oo d  a g r eemen t w i th t h e  mea s u r ed d a ta . Th e d eg r ee o f  

a g r eeme n t  p r obably depends o n  t h e  model l i ng o b j e c t i v e s . 

Some m od e l e r s  ch o o s e  to te s t  o n l y  pa r t s  o f  the i r  m od e l . 

F o r  e x ampl e ,  Meh r a n  a nd T a n j i ( 1 9 7 4 )  v e r i f i ed the 

n i t r i f i c a t i o n  sub- r o u t i ne w i t h  i nc uba t i o n- type e x p e r imen t a l  

d a t a . T h i s  h appened b e c a u s e  the i r  mod el was  n o t  d e s i g n ed i n  

c o n f o rm a n c e  w i th e x p e r imen t a l  d a ta . Howev e r , s e v e r a l  

mod e l e r s  ( e . g . ,  Du f fy e t  a l  1 9 7 5 ;  Wa t t s  a nd H a n k s  1 9 7 8 )  

have t e s t e d  a l l  pa r t s  o f  t h e i r  

s imu l a t i o n  o f  a l l  s ub- r o u t i ne s  

mod e l s , b y  s i mu l t a n e o u s  

tha t c o n s t i t u te t h e i r  N 

mod e l s . Mo s t  o f  the mod e l s  ( e . g . ,  Du f fy e t  a l  1 9 7 5 ; Wa t t s  

a nd Han k s  1 9 7 8 )  h a ve b e e n  t e s t ed a g a i n s t  o n l y  o n e  s e t  o f  

e x pe r i m e n t a l  d a t a . On l y  a f e w  m od e l s h a v e  b e e n  t e s t ed 

a g a i n s t  m o r e  t h a n  o n e  s e t  o f  e x p e r ime n t a l d a t a ; e . g . , the 

mod e l  o f  D a v i d s o n  and Rao  ( 1 9 7 8 )  ha s been t e s ted a g a i n s t  the 

d a ta o f  NaNag a r a  et  al  ( 1 9 7 6 )  a nd Wa t t s  a nd H a n k s  ( 1 9 7 8 ) . 

Such a t temp t s , a s  t e s t i ng a m o d e l  a g a i n s t  m o r e  t h a n  o n e  s e t  

o f  d a t a , a r e  made i n  o rd e r  t o  d ev e l o p m od e l s  t h a t  h a ve m o r e  

g e n e r a l i ty .  S i nce e a c h  mod e l  i s  dev e l oped w i t h  spec i f i c 

o b j ec t i v e ( s ) a nd f o r  s pec i f i c c o nd i t i ons , mo s t  mod e l s  h ave 
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un i que s pec i f i c i ty .  Th u s  a p p l i c a t i o n o f  o n e  m od e l  t o  a 

d i f f e r e n t  s e t  o f  e x p e r i me n t a l  c o nd i t i o n s , u s u a l l y  r equ i r e 

mod i f i c a t i o n s  to the m od e l  p a r ame t e r s .  

2B . 3 . 3  Mod e l  c o n s t r uc t i o n p r o c ed u r e  

I n  o r d e r  t o  s impl i fy the i n te r ac t i on s  w i th i n  t h e  

comp l e x  N sys tem , t h e  sys tem i s  d i v i d ed i n to a wa t e r  

s ubmod e l  a nd a n i t r o g e n  s u bmod e l  ( Ta n j i and Gupta 1 9 7 8 ) . 

Each s ubmod e l  i s ,  i n  t u r n ,  d i v i d ed i n to s ub r o u t i n e s  th a t  

d e s c r i b e  p a r t s  o f  the s y s tem . The s y s tem a s  a wh o l e  i s  t h e n  

d e s c r i b ed i n  t e r m s  o f  the i n t e r c o n nec t i o n s  be tween the s e  

s ub r o u t i n es . 

ma thema t i c a l  

Each s ub r o u t i ne c on s i s t s  o f  a s e t  o f  

equa t i o n s  wh i ch may need to be s o l v ed 

s imu l ta n eo u s l y .  S o ph i s t i c a ted mode l s  ( e . g . ,  S e l i m  a nd 

I s k a nd a r  1 9 8 1 )  c o n s i s t o f  d i f f e r e n t i a l  equa t i o n s  g o v e r n i n g N 

t r an s po r t  a nd t r an s f o rm a t i o n s  i n  m u l t i l ay e r ed o r  s t r a t i f i ed 

s o i l  p r o f i l e s . An a l yt i c a l  and/or  n um e r i c a l  so l u t i o n s  f o r  

s uch equa t i o n s  r e q u i r e the u s e  o f  comput er s .  Compu t e r  

sc i en c e  and numer i c a l  an a l ys e s  h a v e  a d v a nced t o  such l ev e l s 

t h a t  i t  i s  d i f f i c u l t  t o  f o l l o w  the c omp u t e r  j a r g o n  

d e sc r i b i ng the s o ph i s t i c a ted m a thema t i c a l  terms . E v e n  

c ompu t e r  spec i a l i s t s  have d i f f i c u l t i e s  d e c i ph e r i ng c om p u t e r  

mod e l s d e v e l oped e l s ewhe r e  ( Ta n j i 1 9 8 1 ) . Con t r a r y  t o  s uc h  

c ompu t e r  mod e l s ,  the r e  i s  a g r o up o f  s im p l e  mod e l s  s u ch a s  

t h o s e  tha t  d e sc r i be wa t e r  r eq u i r emen t s  o f  c ro p s  ( e . g . ,  

Kanem a s u  e t  a l  1 9 7 8 ) , wh i c h  a r e  s t o r ed i n  a nd r un w i th 

p r o g r ammab l e  c a l cu l a to r s . 

N mod e l  r e p o r ted t h a t  c a n  

p r og r ammab l e  c a l c u l a t o r . 

I t  a ppe a r s  t h a t  the r e  i s  n o  s uc h  

b e  s t o r ed i n  a nd r un w i th a 

Such s i mp l e  N mod e l s  c a n  f i nd 

be t te r  use w i th m a n a g e r s  o r  adv i s o r s  e ng a g ed i n  d e t e rm i n i n g  

N f e r t i l i ze r  requ i r emen ts o f  c r o p s  o r  N po l l u t i o n  c o n t r o l . 
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N - 1 5  BALANC E S T U D I E S UT I L I S I NG EM I S S I O N  

S P EC T ROMETRY I N  SMALL SCA L E  E XP E R I M E N T S  

3 . 1  I NTRODUCT I ON 

P r e l im i n a r y  i nv e s t i g a t i o n s  i n to the f a t e  o f  
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N - 1 5 

l abe l l ed u r e a  appl i ed t o  ba r l ey a nd o a t  c r ops i n  a d o ub l e  

cro pp i ng sys tem , we r e  c o nd uc ted u s i ng s o i l  

Appe nd i x  

cy l i nd e r s  i n  

s i t u , and a r e  r e p o r ted i n  1 .  I n  t h e s e  

i n v e s t i g a t i o n s , p l a n t s  we r e  g r own i n  s o i l  c o n f i ned b y  PVC 

p i pe ( so i l  cyl i nd e r )  a nd N - 1 5  a n a l y s e s  o n  s o i l  a nd p l a n t  

samp l e s  we r e  pe r f o rmed u s i ng em i s s i o n  spec t r ome t r y . The 

p u r po s e  o f  th e se i nv e s t i g a t i o n s  wa s t o  e v a l u a te the N - 1 5  

m a s s  b a l ance a t  va r i o u s  s t ag e s  o f  c r op g r o w t h , i n  o r d e r  t o  

be t t e r  u nd e r s ta nd t h e  f a te o f  app l i ed N and the l i k e l y  

pa thways o f  maj o r  fe r t i l i ze r  N t r a n s fo rm a t i o n s . I n  th i s  

p r e l i m i n ary s t udy , the t o t a l  r ec o v e r y  o f  a pp l i ed N i n  p l a n t  

and s o i l  compo n e n t s  v a r i ed be twee n  5 0  t o  9 0  p e r c en t .  Th e 

u n a c c o u n ted compo n e n t  o f  the ma s s  ba l a nc e  i nc r e a sed f r om 

abo u t  1 0 %  a t  1 wee k  f o l l ow i ng fe r t i l i z e r  app l i c a t i o n  t o  

abo u t  5 0 %  a t  h a r v e s t  o f  t h e  c r op . The se e x per ime n t a l 

r e s u l t s  c o u l d  o n l y  b e  t a k e n  a s  app r o x im a t i o n s , b ec a u s e  

e x p e r imen t a l  e r r o r s  i n  t h i s  s t udy d u e  t o  

( i )  r ed uced a c c u r acy i n  N - 1 5  a s say by em i s s i o n  spec t r om e t r y  

c ompa r ed w i th a m a s s  s pe c t r om e te r ; a nd 

( i i )  a r t i f i c i a l  e x p e r i me n ta l  c o nd i t i o n s such a s  u s e  o f  

powd e r ed N - 1 5 l ab e l l ed u r ea a nd c o n f i ned s o i l  v o l um e s  

i n  wh i ch p l a n t s  we r e  g rown , 

we r e  n o t  e v a l ua ted . Th u s , f u r th e r  i nv e s t i g a t i o n s  i n to t h e  
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u s e  o f  em i s s i on spec t r ometry f o r  N - 1 5  a s s ay , a nd the 

s u i tab i l i ty of  s o i l  cyl i nd e r s for  g r o w i n g  p l a n t s , �e r e  

n ec e s s a r y .  

Em i s s i o n spec t r om e t r i c  ( e . s . )  a s s ay o f  N-1 5 i s  l e s s  

p r e c i se c ompa r ed w i th ma s s  s pec t r ome t r i c  (m . s . )  a s s a y  

( se c t i o n  2 A . l . 2 ) , p a r t i c u l a r l y i n  the N - 1 5 e n r i chmen t  r a n g e  

c l o se t o  n a t u r a l  ab undance ( 0 . 3 6 6  a t om p e r c en t ) .  T h e  m a j o r 

c a u s e  f o r l ow p r ec i s i o n i s  a t t r i b u ted to the many po s s i b l e  

s o u r c e s  o f  e r r o r  i nv o l v ed i n  the N - 1 5 s amp l e  prep a r a t i o n f o r  

e . s . ,  a s  the chem i c a l  p r o c ed u r e s  f o r  N - 1 5  s am p l e  p r e pa r a t i o n  

a r e  c om pl e x  ( Pe r s ch k e  e t  a l  1 9 7 1 ;  Keeney a nd Ted e s c o  1 9 7 3 ; 

F i ed l e r  a nd P r o k s c h  1 9 7 5 ) . Sev e r a l  m od i f i ed proced u r e s  o f  

the o r i g i n a l  D um a s  method a r e  i n  u s e  a s  po i n t ed o u t  b y  

F i ed l e r  a nd P r o k s ch ( 1 9 7 5 ) . E a c h  mod i f i ed p r o c ed u r e  

r equ i re s  s p ec i a l i s ed appa r a t u s  ( N - 1 5  s ampl e  p r e p a r a t i o n 

un i t ) . Fo r the s t ud y  i n  Append i x  1 ,  o w i n g  to the a v a i l ab l e  

N - 1 5  s am p l e  p r e p a r a t i o n  u n i t ,  N - 1 5  s amp l e s  were p r e pa r ed 

u s i ng a mod i f i ed D um a s me thod wh i ch d i f fe r ed f r om o th e r  

p r o c ed u r e s  i n  t h a t  t h e  r e a g e n t s  o f  the D uma s m i x tu r e , n am e l y  

copper o x i d e  and c a l c i um o x i d e , w e r e  d e g a s s e d  sepa r a t e l y  a nd 

p l a c ed a s  a m i x ed powd er i n to the d i s c h a r g e  t ube . Whe n  N - 1 5  

s amp l e s  a r e  prepa r ed by th i s  method and mea s u r ed by u s i ng a 

S t a t r o n  NO l - 5  a n a l y s e r , 

N - 1 5  a s s ay s  a r e n o t k no wn . 

n e ce s s a r y  to d e t e rm i ne ,  

the a c c u r acy a nd p r ec i s i o n  o f  t h e  

An i n v e s t i g a t i o n was , th� r e f o r e , 

u s i ng N - 1 5 s t a n d a rd s amp l e s , t h e  

a c c u r a c y  a nd p r e c i s i o n o f  N - 1 5 a s s a y  whe n  s amp l e s  a r e  

p r e p a r ed f o l l ow i ng t h i s  mod i f i ed Duma s method a nd mea s u r ed 

u s i ng a S t a t r o n NO l - 5  a n a l y s e r . 
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I n  the pr e l i m i n a r y  s t udy ( Append i x  1 ) , the e s t i m a t e s  o f  

f e r t i l i ze r  N i mmob i l i s a t i o n  we r e  c o n s i d e r ed to be l e s s  

p r ec i s e t h a n  pl a n t  N uptake a nd so i l  i n o r g a n i c  N d a t a , d u e  

to th e l ower  prec i s i o n o f  t h e  N - 1 5  d a t a  f o r  so i l  o r g a n i c  N .  

Th i s  l owe r  p r ec i s i o n  o f  the N - 1 5  d a ta f o r  s o i l  o r g a n i c  N ,  

r e s u l ted f r om the m a n y f o l d  i s o t o p i c  d i l u t i o n  c a u s ed by the 

r e l a t i v e l y  l a rge n a t i v e s o i l  N po o l  ( 0 . 2 % o r g a n i c  N ) . 

I n f o rma t i on i s  n o t  a v a i l ab l e  on the r eq u i r ed i n i t i a l  N - 1 5 

en r i chme n t  i n  the fe r t i l i z e r  m a t e r i a l  th a t  would  f a c i l i t a t e , 

by r e d uc i ng the d i l u t i o n  e f f ec t ,  the u s e  o f  em i s s i o n  

spec t r ome t r y  i n  imm ob i l i s a t i o n  s tud i e s  w i th s o i l s  o f  

r e l a t i v e l y  h i g h  o rg a n i c  N c o n te n t . A f u r th e r  i n v e s t i g a t i o n 

wa s th e r e fo r e  neces s a r y  to d e te rm i n e the l ev e l  o f  N - 1 5 

en r i chme n t  i n  u r e a , wh i ch w o u l d  f ac i l i t a t e em i s s i o n  

s pec t r ome t r i c  a s s a y  o f  N - 1 5  i n  the o rg a n i c  f r a c t i on o f  a 

Tokom a r u  s i l t l oam s o i l .  

O f te n  a r t i f i c i a l  e x pe r i m e n t a l  c o nd i t i o n s , s uch a s  u s e  

o f  powd e r ed f o rm o f  N - 1 5  e n r i ched u r e a  a nd c o n f i n ed s o i l  

v o l um e s  f o r  g r o w i n g  p l a n t s , a r e  n ec e s s a r y  i n  N - 1 5  s t ud i e s  

s i nce the i so to pe i s  e xp e n s i v e  f o r  u s e  o n  l a r g e  f i e ld p l o t s . 

Such a r t i f i c i a l  e x p e r ime n t a l cond i t i o n s  may a l te r  the N 

t r a n s f o rm a t i o ns i n  e x pe r ime n t a l  s o i l s  a s  c ompa r ed w i th th e 

s o i l s  u nd e r  f i e ld c o nd i t i o n s . 

twe l th a nd 
_
s ub s equent  wee k s  

V i s u a l i n s p ec t i o n  d u r i ng t h e  

o f  t h e  w i n t e r  e x p e r ime n t 

r e po r ted i n  Appe nd i x  1 ,  i nd i c a ted tha t the p l a n t s  g r own i n  

s o i l s  c o n f i ned by PVC p i pe wer e s t u n t ed i n  g r owth a s  

compa r ed w i th p l a n t s  i n  the s u r r ound i ng f i e l d . The 

r e l e v a n c e  of d a t a  c o l l e c ted f r om s uch sma l l  s c a l e  

e x pe r i me n t s  to f i e l d s i t ua t i o n d o e s  no t appear t o  have  b e e n  
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An i n v e s t i g a t i on w a s  t he r e f o r e  nec e s s a r y  t o  

d e t e rm i ne t h e  r e l e v a n c e  o f  N d a t a  o b t a i ned f r om sma l l  s o i l  

cyl i nd e r s  i n  s i t u ,  t o  l a r g e  f i e l d  p l o t s . 

I n  the p r e l i m i na ry s t udy ( Append i x  1 ) , the f a t e  o f  

appl i ed N - 1 5  u r e a  wa s d e te rm i ned a t  3 t c  4 weekly i n te r v a l s  

d u r i ng t h e  c r op s e a s o n . The d ynam i c  n a t u r e  o f  the N - 1 5  

t r a n s f o rma t i o n s  wa s t h u s  n o t  f u l l y e v a l u a ted . I n  o rd e r  t o  

deve l op a c r op N mod e l , t h e  N t r a n s f o r ma t i o n s , par t i c u l a r l y , 

the c h a ng e s  i n  s o i l  i n o r g a n i c  N a s s o c i a t ed � i th i t s u p t a k e  

b y  a g r ow i ng c r o p , n e e d  t o  b e  i nv e s t i g a t ed a t  mo r e  f r eq u e n t  

( e . g . ,  wee k l y )  i n t e r v a l s . A n  add i t i o n a l  e x pe r i me n t  wa s 

c o nd u c t e d  t o  c h a r a c t e r i s e t h e  dynam i c  n a t u r e  o f  s o i l  

i no r g a n i c  N c h a n g e s  a s s o c i a t ed w i th i t s uptake by a b a r l e y  

c r op t o  wh i ch N- 1 5  u r e a  wa s added . 

3 . 2 METHODS AND MAT E R I ALS 

The e x pe r i me n t a l  s i te wa s l o c a t ed at  the T i r i te a  

Re s e a r c h  A r e a ,  i n  p a r t  o f  a ma i n  p l o t  p repa r ed f o r  s ow i ng 

b a r l e y . Th r e e  f i e l d  e x p e r i m e n t s  we r e  c o nd uc ted i n  t h i s  m a i n  

p l o t , u s i ng s o i l  c y l i nd e r s  i n  s i tu .  A s o i l  cyl i nd e r  w a s  a 

c on f i ne d  s o i l  v o l um e  o b t a i n ed by p u sh i ng i n t o  s o i l  i n  the 

f i e l d , a PVC p i pe o f  1 0 0  mm d i am e t e r t o  a d epth o f  1 5 0  o r  

4 0 0  mm . I n  e ac h  s o i l  cyl i nd e r , 5 b a r l ey s eed s we r e  s own a t  

the t im e  o f  f e r t i l i z e r  appl i c a t i on a nd t h i n ned t o  th r e e  

s e ed l i ng s  4 d a y s  a f t e r  p l umu l e  eme r g e nc e . N-1 5 a s s a y  o n  

p l a n t  a nd s o i l  s ampl e s , c o l l e c ted f r om t h e s e  s o i l  c y l i nd e r s  

we r e  made u s i ng em i s s i o n  spec t r ome t r y . 
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3 . 2 . 1 F i e ld e x pe r ime n t s : 

Exper imen t ! : Em i s s i o n spec t r ome t r i c  a s s a y  o f  N- 1 5  i n  

so i l  o r g a n i c  ma t te r : 

F i f t een s o i l  cyl i nd e r s  o f  depth 1 5 0  mm ,  \-l e r e  

e s ta b l i s h ed i n  f i e l d  pos i t i o n s  t h a t  w e r e  p r e v i o u s l y  m a r ked 

on a g r i d  u s i n g 1 m betwee n t r ea tme n t s a n d  1 . 5  m be tween 

b l o c k s  in  the r a ndom i sed b l ock d e s i g n  ( 5  t r e a tme n t s  x 3 

block s ) .  F i v e e n r i c hme n t s  o f  N - 1 5  ( 3 0 . 1 5 6 , 3 7 . 4 9 1 ,  4 7 . 3 0 3 , 

5 5 . 4 7 1  a n d  6 5 . 5 8 8  a tom p e r cen t )  a s  u r e a  c o n s t i tu ted the f i v e 

t r e a tmen t s  tha t we re r epl i c a t ed th r e e  t ime s . U r e a  i n  powd e r  

form wa s m i xed w i th s ome d r y  s o i l  a s  a n  e x t e n d e r  a n d  was  

sur f a c e  appl i ed to  so i l  cyl i nd e r s at  a r a te equ i v a l e n t  t o  

· 1 0 0  k g N/h a .  T h e  s o i l  cyl i nd e r s we r e  r emoved 1 1  we e k s  l a t e r . 

The s o i l  f r om e a c h  cyl i nd e r  wa s pu shed o u t  o f  the PVC p i pe 

a nd the p l a n t s  w i th a s  m a ny r o o t s a s  po s s i b l e ,  w e r e  

sepa r a ted f r om the s o i l  cyl i nd e r . The s o i l s  we r e  d r i ed , 

g r o u nd 

Kj e l d a h l  

samp l e s  

and h om og e n i sed 

N a n a l y s i s .  

were prepa r ed 

spec t r ome t r y . 

be f o r e  · s amp l e s  we r e  

On each s o i l  s ampl e , 

f o r  N - 1 5  a n a l y � i s  

t a k e n  f o r  

t r i p l i c a t e 

by em i s s i o n  

E x p e r iment I I :  Re l a t i o n sh i p  be tween s o i l  cy l i n d e r  d a t a  

and f i e l d  p l o t  d a ta : 

A n  a r e a  o f  4 x 6 m wa s m a r ked o u t  w i th i n  the m a i n  p l o t  

and th i s  a r ea wa s d i v i d ed i n t o 2 4  p l o t s o f  1 s qu a r e  m e t e r  

each . I n  the c e n t r e  o f  each p l o t  a s o i l  cyl i nd e r  o f  4 0 0  mm 

d e p th was e s t a b l i shed . N o n -e n r i ched u r ea i n  g r a n u l a r  f o rm 

wa s  app l i ed to the f i e l d p l o t s  and i n  powd e r  f o rm t o  the 

s o i l  c y l i nder s ,  at a r a te equ i v a l e n t  to l O O  k g N/ha . The 

f i e ld p l o t s  we r e  a l s o  sown w i th b a r l ey a t  a n  equ i v a l e n t  s eed 

r a te ( 2 5 0 seed s /  m 2 ) as of the s o i l  cyl i nd e r s .  
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P l a n t  a nd s o i l  s amp l e s  w e r e  c o l l ec ted f r om b o th t h e  

f i e l d p l o t s  a nd s o i l  c y l i nd e r s , a t  f i v e  s ampl i ng t im e s  tha t 

w e r e  o n  1 ,  2 ,  4 ,  7 a nd 1 1  weeks  f o l l ow i ng u r e a  appl i c a t i o n .  

At e a c h  o f  the f i r s t f o u r  s amp l i ng s , f i v e  r a nd om l y  cho s e n  

f i e l d  p l o t s  w e r e  h a r v e s ted m a nu a l l y  f o r  p l an t  s amp l e s  a nd 1 5  

s o i l  c o r e s  wer e t a k e n  f r om e a c h  o f  the s e  p l o t s , t o  a depth 

o f 4 0 0 m. TU • A t  the · s a me t i m e  , t h e  s o  i 1 c y 1 i n d e  r s i n the 

c o r r e s po nd i n g f i e l d  p l o t s  we r e  r emoved f r om t h e  f i e l d  f o r  

s o i l  a n a l ys i s . Abo v e -g r o u nd p o r t i o n s  o f  p l a n t s  were  

h a r ve s t e d  f r om the c y l i nd e r s  p r i o r  to r em o v a l .  D u r i ng the  

f i n a l  s amp l i ng at  11  week s , 4 f i e l d  plots  a nd s o i l  cy l i nd e r s 

we r e  s am pl ed i n  the s am e  m a n n e r  a s  p r ev i o u s  s am p l i ng s . 

T h e  p l a n t  p o r t i o n s  we r e  o v e n -d r i ed ,  we i g hed , powd e r e d  

a nd s u b - s amp l e s  we r e  t a k e n  f o r  t o t a l  N a na l y s i s . The s o i l  

c o r e s  f r om t h e  f i e ld p l o t s  w e r e  d i v i d ed i n t o  3 s ec t i o n s  o f  

0 - 1 5 0 , 1 5 0 - 3 0 0  a nd 3 0 0 - 4 0 0  mm depth i nc r eme n t s  and the 

c o r r e sp o nd i ng s ec t i o n s  of the 1 5  c o r e s  f r om e ac h  p l o t  we r e  

b u l ked , m i x ed tho r o u g h l y  a nd d upl i c a t e  s amp l e s  t a k e n  f o r  

a n a l y s i s .  The s o i l  c y l i nd e r s  w e r e  c u t  i n t o  t h r e e  s ec t i o n s  

o f  the s am e  d e p t h  i nc r eme n t s  a s  t h e  f i e ld p l o t  s amp l e s . 

Dupl i c a t e  s amp l e s  w e r e  t a k e n  f r om e ach s e c t i o n  o f  t h e  s o i l  

cyl i nd e r , a f t e r  m i x i ng t h e  s o i l  tho r o ug h l y . A l l s o i l  

s amp l e s  w e r e  a n a l ys ed f o r  i no r g a n i c  N .  

E x p e r imen t I l l :  A n  i nv e s t i g a t i o n  t o  c h a r a c t e r i s e the 

dynam i c  n a t u r e  o f  urea N t r a n s f o r ma t i ons : 

Twe l v e  po s i t i on s  we r e  m a r ked i n  the m a i n  p l o t , o n  a 

g r i d w i t h t h r e e  r ows a t  appr o x ima te l y  7 m a pa r t  a nd f o u r  

b l oc k s  a t  a b o u t  1 0  m a pa r t .  A t  each p o s i t i o n a s o i l  

cyl i nd e r  o f  4 0 0  mm d epth w a s  e s t a b l i shed . U r e a , i n  powd e r  

f o r m , e n r i ched w i th 6 5 . 2 2 3  a t om p e r c e n t  N - 1 5 ,  w a s  m i x ed w i th 
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some d ry so i l  a s  a n  e x t e nd e r , a nd w a s  a p p l i ed t o  the s o i l  

cyl i nd e r s , a t  a r a t e equ i v a l e n t  to  l O O  k g N/ha . 

One s o i l  c y l i nd e r , cho sen r a nd om l y , wa s r emoved f r om 

the f i e l d a t  week l y  i n te r v a l s  u p  t o  1 2  week s . P r i o r  t o  

r em o v a l  o f  so i l  c y l i nd e r , the
.

p l a n t s  we r e  h a r ves t ed f o r  t h e  

abo v e -g r o und p o r t i o n s . The herbag e wa s o v e n  d r i ed , we i g h ed 

and g r o u n d  { < 1 mm ) . The s o i l  cyl i nd e r s  w e r e  c u t  i n t o  3 

sec t i o n s  o f  0 - 1 5 0 , 1 5 0 - 3 0 0  and 3 0 0 - 4 0 0  mm d epth i n c r eme n t s . 

The s o i l  f r om e a ch s e c t i o n  o f  the s o i l  c y l i nd e r  wa s r em oved , 

we l l  m i x ed ,  a nd s ub- s amp l e s  we r e  t a k e n  f o r  s o i l  i n o r g a n i c  N 

a n a l y s i s .  

S o i l  samp l e s  we r e  c o l l ec ted f r om the ma i n  p l o t  o n  d a y  

0 ,  i . e . , pr i o r t o  s ow i ng the ba r l ey c r op , i n  o r d e r  t o  k n o w  

t h e  i n i t i a l s o i l  i n o r g a n i c  N c o n ten t .  T e n  s o i l  c o r e s  we r e  

c o l l ec t ed to a d e p th o f  4 0 0  mm , u s i ng a c o r er o f  2 0  mm 

d i am e te r . The s o i l  c o r e s  we r e  a l s o  c u t  i n to sec t i o n s  o f  the 

s ame d epth i nc r emen t s  a s  o f  the s o i l  c y l i nd e r s . So i l  c o r e s  

o f  the c o r r espond i ng d ep t h s  were  b u l ked , m i x ed tho r o ug h l y , 
/ 

a nd s u b - s amp l e s  we r e  t a k e n  f o r  s o i l  i no r g a n i c  N a n a l ys i s . 

3 . 2 . 2 Ana l y t i c a l  pr ocedur e s : 

( a )  N - 1 5  a s s a y  by em i s s i on s pe c t r ome t ry : 

S amp l e s  o f  ammo n i um s u l ph a t e  . a n d  u r e a  e n r i ched w i th 

N - 1 5  a t  2 3  d i f fe r e n t  c o n c e n t r a t i o n s  r a ng i ng f r om 0 . 3 9 5 t o  

6 5 . 5 8 8 a t om pe r c e n t  N - 1 5 ,  we r e  p r epa r ed a n d  a n a l y s ed f o r  

N - 1 5  u s i ng m a s s  a nd em i s s i on spec t r ome t e r s .  F o r  p r e pa r i ng 

the s e  N - 1 5  s t a nd a rd s ampl e s , ammon i um s u l ph a t e  o r  u r ea w i t h  

h i g h e r  N - 1 5  e n r i chme n t  was i s o t o p i c a l l y d i l u ted w i th 

c ompo u n d � o f  the same chem i c a l  c ompo s i t i on b u t  w i th N- 1 5  

c o n c e n t r a t i on a t  n a t u r a l  abu ndance l eve l . Ammon i um s u l ph a t e  

e n r i ched w i t h  4 0  a t om pe r ce n t  N - 1 5 wa s d i l u t ed t o  o b t a i n  1 4  
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2 2 . 7 9 2  a tom pe r c e n t .  U r ea e n r i ched w i t h 
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between  0 . 3 9 5  t o  

9 9  a t om p e r� e n t 

N - 1 5 w a s  d i l u ted t o  ob t a i n  5 s amp l e s  3 0 . 1 5 6  t o  6 5 . 5 8 8  a tom 

pe r c e n t  N - 1 5  e n r i chme n t s  ( T ab l e  3 . 1 ) . 

The N i so t ope r a t i o s  o f  the .N- 1 5  s t a nd a rd s amp l e s  we r e  

d e te r m i n e d  u s i ng a m a s s  s pec t r om e t e r  ( Ho u l s t o n  and S h i l t o n  

1 9 5 8 )  a t  t h e  I n s t i t u te o f  Nuc l e a r  Sc i e n c e s , We l l i ng to n , New 

Z e a l a n d . 

F o r N - 1 5 a n a l y s i s  by 

s amp l e s  w e r e  p r ep a r ed i n  

D um a s  m e thod i n  wh i ch the 

em i s s i o n  spec t r om e t r y , N - 1 5 

t r i p l i c a te f o l l ow i ng a mod i f i ed 

o x i d e s  o f  c o ppe r a nd c a l c i um 

( r e ag e n t s  o f  the D um a s  m i x t u r e ) we r e  d eg a s s ed s e pa r a t e ly by 

h e a t i ng i n  m u f f l e  f u r n ac e s  a t  6 0 0  and 1 0 0 0  C r e spec t i v e l y  

a n d  t h e  D um a s  m i x t u r e  w a s  p l a c ed a s  powd e r  i n t o t h e  

d i s ch a r g e  t ube . Apa r t  f r om th i s  m od i f i c a t i o n , the p r o c ed u r e  

d e s c r i be d  by F i ed l e r  a n d  P r o k s c h  ( 1 9 7 5 )  w a s  f o l l owed . 

Em i s s i on s pec t r om e t e r  m od e l  S t a t r o n NO l - 5  wa s u s ed t o  

me a s u r e  t h e  N i s o t ope r a t i o s . 

T h e  N - 1 5  s t a n d a r d s we r e  d i v i ded i n t o 4 g r o ups , a s  shown 

i n  T a bl e  3 . 1 , ba s ed on the amp l i f i e r g a i n  s e t t i ng s  u s ed to 

d i f f e r en t i a l l y amp l i fy the 1 4 N l 4 N a nd l 5N l 5N bandhead s . Fo r 

a l l  s amp l e s  c on t a i n i ng l e s s  than 3 0  a t om p e r c e n t  N - 1 5 ,  the 

g a i n  s e t t i ng for 1 4 N l 4 N b a nd head wa s k e p t  c o n s t a n t  at 1 0 0 , 

a nd t h e  g a i n  s e t t i ng f o r  1 4 N l 5N wa s s e t  a t  e i th e r  3 0 0 0  

( g r o u p  1 )  o r  1 0 0 0  ( g r o u p  2 )  o r  3 0 0  ( g r o u p  3 )  d epend i ng o n  

the N - 1 5 c o n te n t  o f  s ampl e .  F o r  samp l e s  w i th N - 1 5  c o n t e n t  

i n  e xc e s s  o f  3 0  a to m  p e r c e n t  ( g r o u p  4 ) , the i so to p i c  

b a n d h e a d s f o r  1 4 N l 5 N a nd 1 5 N l 5 N we r e  mea s u r ed . 



P a g e  4 6  

( b )  So i l  a nd p l a n t  a n a l y s i s :  

The s o i l  s amp l e s  we r e  e x t r a c ted i n  a 1 0 : 1  s u spe n s i o n o f  

2M p o t a s s i um ch l o r ide ( KC l ) . The e x t r a c t s  w e r e  d i s t i l l ed 

f o r  i no r g a n i c  N t h a t  i nc l uded ammo n i um ,  n i t r a te a nd n i t r i t e 

( B r emn e r  a nd Keeney 1 9 6 6 ) . The KC l e x t r a c t s o f  s o i l  s amp l e s 

col l ec ted f r om the m � i n  p l o t  on d a y  0 ,  we r e  d i s t i l l ed f o r  

ammon i um s e pa r a t e l y  f r om n i t r a t e a nd n i t r i t e ( B r em n e r  a nd 

Keeney 1 9 6 6 ) . K j e l d a h l  N i n the s o i l  s am p l e s  wa s d e t e rm i n ed 

by a s a l i cy l i c  ac i d - th i o s u l ph a te m od i f i c a t i o n  o f  t h e  

k j eld a h l  m e thod a s  d e s c r i bed by B r em n e r  ( 1 9 6 5 a ) . 

P l a n t  s amp l e s  were a n a l y s ed f o r  to t � l  N by a s a l i cy l i c  

a c i d - t h i o s u l ph a t e  mod i f i c a t i o n  o f  the k j e l d ah l  method 

( B r em n e r 1 9 6 5 a ) . 

3 . 3 RESULTS AND D I SC U S S I O N  

3 . 3 . 1 Acc u r acy and p r ec i s i o n  o f  N - 1 5  a s s ay b y  em i s s i on 

_spe c t r ome t r y : 

The N - 1 5  c o n te n t  o f  the s t a nd a rd s amp l e s  a s  d e t e rm i ned 

by the use o f  ma s s  s pe c t r ome t r y  (rn . s . )  and  em i s s i o n  

spe c t r om e t r y  ( e . s . ) i s  shown i n  Tab l e  3 . 1 . The m . s .  v a l u e s  

a r e  f r om a s i ng l e  d e t e rm i n a t i o n .  The mea s u r emen t  e r r o r  

a s s o c i a t ed w i th th i s  m a s s  spe c t r om e t e r  i s  k n o wn t o  b e  + 0 . 0 0 3  

a tom p e r cent  N - 1 5 ,  r eg a rd l e s s  o f  N - 1 5  c o n t e n t i n  the s amp l e  

be i ng m e a s u r ed ( pe r sona l c ommun i c a t i o n  w i th D r . J . Ho u l s t o n , 

I n s t i t u te o f  Nuc l e a r  Sc i e n c e s , Lower H u t t ) . 

The mea s u r ed e . s .  v a l ue s  f o r  N- 1 5  s amp l e s  i n  g r o u p  ( 1 )  

d i f fe r ed 

acc u r a c y  

c o n s i d e r ably f r om m . s .  

o f  e . s .  mea s u r ement for  

v a l ue s , i nd i c a t i ng p o o r  

s amp l e s  w i t h  N - 1 5  

e n r i c hme n t  o f  u p  t o  abo u t  1 . 2 1 8  a t om pe r c e n t . W i th a 

s im i l a r  e . s .  i ns t r umen t ( S t a t r o n  NO l - 5 ) , Me ye r  e t  a l  ( 1 9 7 4 )  
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Tab l e  3 . 1 N - 1 5  a t om p e r c e n t  e n r i c hme n t  v a l ues o f  ammo n i um 

s u l ph a te and u r e a  samp l e s  d e t e r m i n ed by m a s s  a nd em i s s i o n 

spec t r ome te r s . 

M . S .  

v a l ue s 

Em i s s i o n spec t r ome t r i c  me a s u r emen t s  

o f  N - 1 5  Ga i n  G r o u p  A t om pe r c e n t  N - 1 5  

a to m  % s e t t i ng 

( N l 4 /N l 5 )  Me a n  o f  3 s t a nd a rd % Coe f f i c i e n t  

r ep l i c a t e s  d e v i a t i o n  o f  v a r i a t i o n 

0 . 3 9 5  3 0 0 0  ( 1 )  0 . 9 9 0 . 0 4 4 . 0 
0 . 5 4 1  3 0 0 0  ( 1 )  1 . 1 3 0 . 0 8 7 . 4  
0 . 8 5 3  3 0 0 0  ( 1 )  1 .  3 9  0 . 1 6 1 1 . 7  

0 . 8 6 5  3 0 0 0  ( 1 )  l. 5 4  0 . 0 5 2 . 9 
1 .  2 1 8  3 0 0 0  ( 1 )  1 .  7 8  0 . 0 9 4 . 8  

1 .  6 6 1  1 0 0 0  ( 2 )  2 . 1 1 0 . 1 0 4 . 5  
3 . 9 7 1  1 0 0 0  ( 2 )  4 . 2 5  0 . 0 2 0 . 5 
5 . 7 0 8  1. 0 0 0  ( 2 )  5 . 9 2 0 . 0 4 0 . 7  
8 . 5 6 0  1 0 0 0  ( 2 ) 8 . 9 6 0 . 2 8 3 . 1 

9 . 2 7 3  3 0 0  ( 3 )  9 . 1 4 0 . 0 8 0 . 9  
9 . 7 7 1  3 0 0  ( 3 )  9 . 9 2  0 . 2 7 2 . 8  

1 4 . 0 0 5  3 0 0  ( 3 )  1 3 . 6 5 0 . 2 1 1 . 5 
1 5 . 7 4 0  3 0 0  ( 3 )  1 4 . 8 8 0 . 2 0 1 . 3 
2 1 . 2 5 3  3 0 0  ( 3 )  1 9 . 4 6  0 . 2 2 1 . 2 
2 2 . 7 9 2  3 0 0  ( 3 )  2 0 . 4 1 0 . 2 6 1 . 3 

3 0 . 1 5 6  l O O  ( 4 )  2 9 . 0 5  0 . 5 8 2 . 0  
3 7 . 4 9 1  l O O  ( 4 )  3 4 . 4 8 0 . 7 4 2 . 1 
4 7 . 3 0 3  1 0 0  ( 4 )  4 7 . 5 4  3 . 1 5 6 . 6 
5 5 . 4 7 1  l O O  ( 4 )  5 6 . 1 3 1 . 6 7 3 . 0  
6 5 . 5 8 8  1 0 0  ( 4 )  6 5 . 7 8  0 . 8 5 1 . 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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me a s u r ed s e v e r a l  N - 1 5  s amp l e s  a t  na t u r a l  abu nda n c e , u s i ng a 

g a i n s e t t i ng o f  3000/ 100 ,  a n d  the i r  r epo r ted e . s .  v a l u e s  

we r e  a l so i n  the r a ng e  o f  0 . 8 t o  1 . 3  a t om pe r c en t  wh i ch 

comp a r e  we l l  w i th the v a l ue s  s h o w n  i n  T a b l e  3 . 1 . I t  a ppe a r s  

tha t , a t  3000/ 100 g a i n  s e t t i ng s , e . s .  m e a s u r emen t N - 1 5  i s  

no t a c c u r a t e  a nd the r e a s o n s  f o r  th i s  a r e  n o t  k n own ( Ke e n e y  

a nd T ed e s c o  19 7 3 ;  F i ed l e r a nd P r o k s c h  1 9 7 5 ) . F o r  s amp l e s  

w i th N - 1 5  e n r i c hme n t  i n  e x ce s s  o f  1 . 2 1 8  a t om pe r c en t ,  g a i n  

s e t t i ng s  o f  1000/ 100 o r  300/ 100 w e r e  u s ed and  the r e s u l t s  i n  

Tab l e  3 . 1 , i nd i c a t e  be t t e r  a c c u r acy f o r  e . s .  a s s a y  whe n  

c ompa r ed w i th c o r r e spond i ng m . s .  v a l u e s . 

The m e a s u r e d  e . s .  v a l ue s  d i f f e r ed be tween a n a l y t i c a l  

r e p l i c a te s  w i th a c oe f f i c i e n t  o f  v a r i an c e  ( c . v . )  r ang i ng 

between 0 . 5 t o  1 2  pe r c e n t  o f  m e a n  v a l u e s . The c . v .  v a l u e s  

f o r  s amp l e s i n  g r oups  ( 2 ) , ( 3 ) a nd ( 4 )  we re sma l l  ( 0 .  5 to 

6 . 6 % )  whe n  c ompa r ed w i th the c . v .  v a l u e s  of 3 to 1 2 %  f o r  

s amp l e s  i n  g ro u p  ( 1) , i nd i c a t i ng tha t the r ep r od u c i b l e  

p r ec i s i o n  o f  th i s  S t a t r o n  NO l - 5  a n a l y s e r  d e t e r i o r a t e s  a s  the 

N - 1 5  c o n t e n t  in  s amp l e  b e c om e s  l ower tha n  abou t  1 . 2 1 8  a tom 

p e rc e n t . The r e a s o n s  f o r  such l a r g e  v a r i a n c e s  in t h e  e . s .  

mea s u r ed d a ta f o r  N - 1 5 s amp l e s i n  g ro up ( 1 ) , a r e  n o t  k nown . 

Po s s i b l e  e x p l ana t i on s  c o u l d  i n c l ud e  a c omb i n a t i on o f  

n o n -c o n s t a n t  i n s tr umen t a l  e r r o r s  a nd s ample p r e p a r a t i o n 

er r o r s . Howev e r , the p r ec i s i o n  f o r  e . s .  mea s u r em e n t  o f  

N - 1 5  s amp l e s  i n  g r oups ( 2 )  t o  ( 4 )  i s  s im i l a r  to tha t 

ob ta i n e d  by o th e r  wo r k e r s ( Kee ney a nd Ted e s c o  1 9 7 3 ; 

B l a c kb u r n  1 9 7 9 ) , a nd t h e r e f o r e  a ppe a r s  t o  be c o n s ta n t . 

I n  o rd e r  to d e f i n e the f o rm o f  r e l a t i o n sh i p  b e twe e n  the 

mea s u r ed e . s .  a nd m . s .  v a l u e s , l i ne a r  r e g r e s s i o n equa t i o n s  
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w e r e  f o rmu l a ted f o r  s amp l e s  i n  g r o u p s  ( 2 )  t o  ( 4 ) , u s i ng t h e  

me a n  e . s .  v a l ue s  ( Xe s )  and m . s . v a l u e s  ( Yms ) , a nd t h e s e  

equ a t i o n s  a r e  sh o wn i n  Tab l e  3 . 2 .  F o r a me a s u r ed e . s .  

v a l ue , a c o r r e s p o nd i ng m . s .  v a l ue wa s f o und u s i n g  one o f  

the s e  e q u a t i o n s , o n l y  i f  t h e  e . s .  mea s u r ement  w a s  m a d e  w i th 

the a pp r o p r i a t e  g a i n  s e t t i n g l i s ted f o r  the s e  g r o u ps i n  

Tab l e  3 . 1 . Th e s e  l i ne a r  r e g r e s s i o n s  we r e  u s ed t o  o b t a i n  t h e  

c o r r e c t e d  e . s .  

3 . 6 .  

v a l ue s  o f  N - 1 5 ,  r e p o r ted i n  Ta b l e s  3 . 3  and 

3 . 3 . 2  U s e  o f  em i s s i o n spec t r ome t r y  f o r  d e te rm i n i ng the 

N - 1 5 e x c e s s  i n  s o i l  o r g a n i c  ma t te r : 

The v a l u e s  o f  N - 1 5 e x c e s s  i n  s o i l  o r g a n i c  ma t t e r  d u e  t o  

imm ob i l i s a t i on f r om v a r i o u s  r a te s  o f  appl i ed N - 1 5 ,  a s  

mea s u r ed u s i ng a S t a t r o n  N O l - 5  a n a l y s e r  a r e  sh own i n  Tab l e  

3 . 3 .  The v a l u e s  a r e  mean s  and s ta n d a r d  d e v i a t i on s  

c a l c u l a t ed f r om th r ee o r  n i ne N - 1 5  a s s a y s . I n  the s o i l  

c y l i nd e r s  t r e a ted w i th u r e a  a t  3 0  a t om p e r c e n t  N - 1 5 ,  t h e  

l ab e l  i n  the s o i l  o r g a n i c  N f r ac t i o n w a s  s o  c l o s e  t o  n a t u r a l  

abund a nc e  t h a t N - 1 5  a tom pe r c e n t  e x c e s s  v a l u e s  c o u l d  n o t  b e  

c a l c u l a te d  a nd t h u s  a r e  n o t  s h o w n  i n  Tab l e  3 . 3 .  

The N - 1 5  e x c e s s  v a l ue s  f o r  o r g a n i c  N i n  T ab l e  3 . 3 , d o  

n o t  e x ceed 0 . 5  a t om pe r c en t , i nd i c a t i ng th a t  f e r t i l i z e r  w i th 

N - 1 5  e n r i chme n t  a s  h ig h  a s  6 5 . 5 8 8  a tom pe r c e n t  wo u ld l o s e 

i t s i s o t o p i c  i d e n t i t y  t h r o ug h  d i l u t i o n t o  nea r b a s e l i n e  

l ev e l s  by t h e  r e l a t i ve ly l a rg e  amo unt o f  i nd i ge n o u s  s o i l  

o rg a n i c  N a t  th i s  s i te .  F o r  d e t e rm i n i ng imm ob i l i s a t i o n o f  

a pp l i ed N - 1 5  a t  th i s  s i t e , e . s .  mea s u r em e n t s  o f  N - 1 5  wo u ld , 

the r e f o r e , n o t b e  u s e f u l  s i nc e  the p r ec i s i o n  a nd a c c u r a c y  o f  

e . s .  m e a s u r em e n t  i s  n o t  g o od i n  the r a ng e  o f  n a t u r a l  

abund a n c e  t o  1 . 2 1 8  a t om pe r c e n t  N - 1 5 .  
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Tabl e 3 . 2  Reg r e s s i o n eq u a t i on s  f o r c o n v e r t i ng m e a s u r ed e . s .  

v a l u e s  ( a t om % )  o f  N - 1 5 ( Xe s )  t o  m . s .  v a l u e s  

( a tom % )  ( Yms ) . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Equ at i o n a pp l i c a b l e  to e . s .  t o  m . s .  r 2 

n umbe r  e . s .  v a l ue i n  c o n v e r s i o n  f o rmu l ae v a l ue 

the r a n g e  o f  

3 . 1  1 . 7  t o  9 . 0  Yms = 1 .  0 2  Xe s 0 . 4 6 1 .  0 0  

3 . 2  9 . 0 t o  1 5 . 0 Ym s = 1 . 1 7 Xe s 1 .  8 3  0 . 9 9 

3 . 3  1 5 . 0 t o  2 5 . 0  Ym s = 1 .  4 4  Xes  6 . 2 7 0 . 9 9 

3 . 4  2 5 . 0 t o  6 5 . 8 Ym s = 0 . 9 3 X e s  -1- 3 . 9 7 0 . 9 9 

- - - - - - - - - - - - - ·- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



/ 

Tab l e 3 � 3 Emi s s i on s pectrome tri c measurement of N-15 excess ( corrected ) val ues i n  soi l 

organi c  N poo l . Val ues are means , standard dev i ati ons ( S . D ) and coeffi c i en t  

of vari ati ons ( C . V . ) .  

N- 1 5  atom % i n  

urea  appl i ed to 

soi l cyl i nders 

37 . 491 

47 . 303 

55 . 471  

65 . 588 
- -----

N- 1 5  atom % excess i n  soi l organ i c  N due to immob i l i sati on of urea N-15 

Mean + S . D . from 3 anal yti cal repl i cates 

Soi l cyl i nder ( 1 ) Soi l cyl i nder ( 2 ) Soi l cyl i nder ( 3 ) Mean S . D . C .  V .  

0 . 04 + 0 . 04 0 . 04 + 0 . 04 0 . 05 + 0 . 01 0 . 04 0 . 03 62 . 75 

0 . 22 + 0 . 03 0 . 1 5  + 0 . 05 0 . 20 + 0 . 07 0 . 19 0 . 05 27 . 75 

0 . 36 + 0 . 06 0 . 42 + 0 . 08 0 . 31  + 0 . 04 0 . 37 0 . 07 19 . 83 

0 . 41 + 0 . 06 0 . 36 + 0 . 03 0 . 41 + 0 . 06 0 . 39 0 . 05 1 3 . 05 

""C 
Ill 

IQ 
Cl) 
0'1 .... 
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3 . 3 . 3 Re l a t i o n sh i p  be tween s o i l  c y l i nd e r  d a ta a nd f i e l d 

pl o t  d a ta : 

( a )  S o i l  i n o r g a n i c  N d a t a : 

The a m o u n t s  o f  i no r g a n i c  N mea s u r ed i n  the s o i l s  o f  

f i e l d  p l o t s  a nd s o i l  c y l i nde r s  a r e  shown i n  Tab l e  3 . 4 .  The 

v a l u e s  a r e  me a n s  a nd s t a nd a rd dev i a t i o n s  c a l c u l a t ed f r om 1 0  

repl i c a te s . The mean v a l ue s  o f  s o i l  i no r g a n i c  N c o n te n t  f o r  

the f i e l d p l o t s  d o  n o t  d i f fe r  s i g n i f i c a n t l y  f r om the s o i l  

cy l i nd e r  v a l ue s . Howe v e r , the s t a n d a r d  d ev i a t i o n s  f o r  b o t h  

sets o f  d a t a a r e  l a r g e , r an g i ng f r om 1 0  t o  4 5 %  o f  the mean s . 

The s e  r e s u l t s  thus i nd i c a t e  that the s �i l  i n org a n i c  N d a t a  

ob t a i ned b y  the u s e  o f  s o i l  cyl i nd e r s ,  c a n  b e  rep r e s en t a t i v e 

o f  f i e ld behav i ou r , a l t h o ugh i t  m u s t  be r e a l i s ed t h a t  l a r g e  

v a r i ab i l � t y  i n  the d a t a  e x i s t s . 

The c oe f f i c i e n t  o f  v a r i a n c e  a s s o c i a t ed w i th the s o i l  

i no r g a n i c  N d a t a  ( a l s o shown i n  T a b l e  3 . 4 ) d id n o t  e x ceed 

3 0 %  f o r  the s u r f a c e  s o i l s  ( 0 - 1 5 0  mm ) , wh i l e  g r e a t e r  

v a r i a t i on s  ( 2 0  t o  4 5 % )  o c c u r r ed f o r  s u b - s u r f a c e  s o i l s  

( 1 5 0 - 4 0 0  mm ) . The s e  c o e f f i c i e n t  o f  v a r i a nc e  ( c . v . )  v a l u e s  

a r e  c ompa r ab l e  t o  t h o s e  r ep o r t ed i n  a r ev i ew by B i g g a r  

( 1 9 7 8 ) . H e  r ep o r ted tha t  the c . v .  v a l ue s  a s s o c i a ted w i th 

the s o i l  i no rg a n i c  N d e t e rm i n a t i o n s  c o u l d  v a ry between 2 2  t o  

3 3 %  i n  s o i l s  o f  A h o r i z o n  a nd 1 0  t o  8 0 %  i n  s o i l s  o f  B 

hor i zo n .  The v a r i ab i l i ty i n  s o i l  i no r g a n i c  N d e t e rm i n a t i on s  

i s  g r e a te r  tha n the v a l ue s  o f  1 5 - 2 0 %  i n  s o i l  o rg a n i c  N 

d e t e rm i n a t i o ns ( Append i x  2 ) , a nd t h i s would be e x pe c ted 

bec a u s e  of  the g r e a t e r  mob i l i ty o f  i no rg a n i c  tha � o f  o r g a n i c  

f o rms o f  N i n  s o i l s  ( B i g g a r  1 9 7 8 ) . 



Tab l e 3 . 4  Soi l i norgan i c N content i n  fi el d pl ots and soi l  cyl i nders . Val ues are means 

� standard devi ations  i n  kg N ha
- 1

. Val ues in parentheses are coeffi c i ents 

of  vari ati ons as  percentages of means . 

Soi l depth Du rati on in weeks fol l owi ng urea app l i cati on 

( 1 )  ( 2 )  ( 4 )  ( 7 )  ( 1 1 )  

F i el d pl ots 0 - 1 50 mm 92 � 1 9  ( 2 1 )  80 � 10 ( 1 3 )  59 � 9 ( 1 5 )  1 2  � 2 ( 17 )  1 1  � 2 ( 1 8 )  

Soi l cyl i nders 0 - 1 50 rrm 122 � 17  ( 14 )  87 ± 2 2  ( 25 )  54 ! 8 ( 1 5 )  1 7  + 5 ( 29 )  9 + 2 ( 2 2 )  

Fi e l d pl ots 1 50- 300 mm 23 + 5 ( 22 )  2 6  + 8 ( 31 ) 34 � 8 ( 24 )  14  � 6 ( 43 )  1 1  � 3 ( 27 )  
-

Soi l cyl i nders 1 50-300 nm 19  + 4 ( 21 )  
-

28 � 12  ( 43 )  32 � 6 ( 19 )  1 2  � 3 ( 25 )  1 7  + 5 ( 29 )  

F i e l d p l ots 300-400 rrm 1 5  + 5 ( 33 ) 23 � 10 ( 44 )  18  � 7 ( 39 )  6 � 2 ( 33 )  9 � 2 ( 22 )  
-

So i l  cyl i nders 300-400 rrm 1 1 + 3 ( 27 ) 17 + 4 ( 24 )  1 5  ± 5 ( 33 )  5 ± 1 ( 20 )  7 + 3 ( 4 3 )  

-o 
Ql 

(.Q 
(I) 

(.}1 
w 
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( b )  P l a n t  N d a t a : 

· The v a l ues o f  d ry ma t t e r  y i e l d  and p l a n t  N u p t a k e  f o r  

pl an ts  g r o wn i n  s o i l  cyl i nd e r s  a nd f i eld  p l o t s  a r e  sh o wn i n  

Tab l e  3 . 5 . The v a l ue s  a r e  m e a n s  a nd s t a nd a r d d e v i a t i o n s  

c a l c u l a ted f r om 1 0  r e p l i c a t e s . 'I' he s o i l  c y l i nd e r  v a l ue s  f o r  

dry ma t t e r  y i e l d  a nd p l a n t  N u p t a k e  a r e  n o t s i g n i f i c a n t l y 

d i f f e r e n t  f r om the f i e l d p l o t  va l ue s , u p  t o  wee k ( 7 )  • On 

week ( 1 1 )  1 the m ea n v a l u e f o r  d r y m a t t e r  y i e l d  i n  the s o i l  

cyl i nd e r s  i s  no t s i g n i f i ca n t l y  d i f f e r en t  f r om . the f i e l d  p l o t  

mean v a l u e , whe r e a s  the mean v a l u e f o r  p l a n t  N u p t a k e  i s  

s i g n i f i c a n t l y  d i f f e r e n t . A po s s i b l e  c a us e  f o r  th i s  

d i f fe r e n c e  i n  the so i l  cyl i nd e r d a t a , may be tha t o f  r o o t  

c on f i neme n t  i n  t h e  so i l  c y l i nd e r s . Howeve r ,  th i s  e x p e r ime n t  

h a s  shown that  t h e  d a t a  f o r  p l a n t  N upt a k e  ob t a i n ed f r om 

s o i l  c y l i nd e r s  c a n  be r e p r e s e n t a t i v e  o f  f i e ld p l o t  d a t a  a t  

l e a s t  f o r  the f i r s t  seven week s o f  p l a n t  g r owth . 

3 . 3 . 4  S t udy to cha r a c t e r i se the dynam i c  n a t u r e  o f  u r e a  

N t r a n s fo rma t i o n s : 

( a }  N� l S  a s s ay i n  s o i l  a nd p l a n t  samp l e s  u s i ng 

em i s s i on spec t r ome t ry : 

Th e v a l ue s  o f  N-1 5 a t om pe r c e n t  e x c e s s  i n  s o i l  

i no r g a n i c  N f r a c t i o n  a nd p l a n t  N ,  a r e  shown i n  Tab l e  3 . 6 .  

U s e  o f  6 5 . 5 8 8  a tom p e r c e n t  N - 1 5  l abe l l ed u r e a h a d  r e s u l ted 

i n  very h i gh en r i chments  o f  N - 1 5  ( > 2 0 a tom p e r c e n t )  i n  p l a n t  

ma ter i a l . U s e  o f  u r e a  w i th N - 1 5 e n r i chme n t s  a s  l ow a s  abo u t  

10 a tom per c e n t  wo u ld h a v e  made pos s i b l e  c a l c u l a t i o n s  o f  

f e r t i l i z e r  N i n  the p l a n t . Howev e r , a s  the o b j e c t i v e wa s t o  

mea s u r e  t h e  N - 1 5  l ab e l  i n  bo th the p l a n t  a nd t h e  s o i l  

i no r g a n i c  N f r ac t i on ,  o v e r  a 1 2  we e k  e x p e r i me n t a l  per i od ,  
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Ta b l e 3 . 5  D r y  ma t t e r  y i e l d  ( kg /h a ) a nd p l a n t  N u p t a k e  ( kgN/h a ) 

fo r  p l a n t s  g r own i n  f i e l d  p l o t s  a nd s o i l  cyl i nde r s .  Va l ue s  a r e  

me a n s a nd s t a nd a r d  d ev i a t i o n s .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Fo r p l a n t s  D u r a t i o n i n  wee k s  f o l l ow i ng seed s ow i ng 

g r own i n  2 4 7 1 1  

F i e l d  p l o ts 

D r y  m a t t e r  y i e l d  1 2 0  + 1 9  1 2 1 0  + 1 8 6  4 0 6 0  + 1 0 8 0  7 3 2 0  + 1 2 6 0  

P l a n t  N u p t a k e  

So i l  c y l i nd e r s  

5 .  4 + - 0 .  9 3 4 .  1 + 4 .  7 7 0 .  4 + 4 .  9 8 7 . 8  + 3 . 1  

D r y  m a t t e r  y i e l d 1 1 0  + 2 4  1 0 5 0  + 3 1 0  3 7 4 0  + 1 1 8 0  4 5 8 0  + 1 7 3 0  

P l a n t  N u p t a k e  6 . 1  + 1 . 2  3 0 . 2 + 5 . 9  5 9 . 2  + 8 . 2  6 5 . 7 + 1 2 . 3  



Tab l e  3 . 6 Changes i n  so i l i norgan i c  N and pl ant N u ptake duri ng a 1 2  week experimental peri od . 

( N DE = Not detectabl e by emi s s i on s pectrometry } 

Weeks fol l owi ng u rea appl i cat ion and s eed sow i ng 

1 2 3 4 5 6 7 8 9 10 

P l ant u�ta ke { kgNLha) 

Total N u pta ke 2 . 4  10 . 8  24 . 5  52 . 1  70 . 3  96 . 7  97 . 3  106 . 0 107 . 8  100 . 4 

N - 1 5  atom % exces s 38 . 05 28 . 99 27 . 69 2 5 . 16 24 . 49 20 . 10 20 . 51 19 . 94 19 . 97 22 . 41 

Ferti l i zer N u pta ke 1 . 4  4 . 8  10 . 4  20 . 1  26 . 4  29 . 8  30 . 6  32 . 4  33 . 0  34 . 5  

Soi l i norgan i c  N ( kg/ha ) 

0- 1 50 mm so i l de� 

Fert i l i zer + nati ve so i l N 88 . 7  7 3 . 5 51 . 7  27 . 8  23 . 9  19 . 2  1 7 . 3  1 7 . 0  1 5 . 6  1 6 . 2  

N- 1 5  atom % exces s 4 1 . 69 39 . 75 38 . 48 28 . 39 1 9 . 65 4 . 76 2 . 26 1 .  92 1 .  67 1 .  21 

Ferti l i zer N 56 . 7  44 . 8  30 . 5  1 2 . 1 7 . 2  1 . 4  0 . 6 0 . 5 0 . 4  0 . 3 

1 50- 300 mm so i l de� 

Fert i l i zer + nati ve soi l N 40 . 7  3 1 . 8  2 5 . 5 22 . 9  19 . 1  20 . 4  24 . 2  2 5 . 5 22 . 9  19 . 1  

N - 1 5  atom % ex ces s NDE NDE NDE NDE NDE NDE NDE NDE NDE NDE 

--

1 1  12 

89 . 5  83 . 4  

1 7 . 64 2 2 . 99 

24 . 2 29 . 4  

1 7 . 0  1 6 . 5 

1 . 1 5 1 .  58 

0 . 3 0 . 4  

""0 

20 . 8  1 7 . 7 Ill 
lO 
(1) 

NDE NDE Ul 
m 
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u s e  o f  6 6  a t om pe r c e n t  e n r i ched u r e a  w a s  r e q u i r ed .  Fo r 

sho r t  t e r m  ( ab o u t  8 week s )  s t ud i e s , abo u t  3 0  a tom pe r c e n t  

N - 1 5 e n r i c hme n t  m a y  b e  adequ a t e , s i nce the N - 1 5  l abe l i n  the 

s o i l  i no r g a n i c  N f r a c t i o n , r e s u l t i ng f r om 6 5 . 5 8 8  a t om 

p e r c e n t  N - 1 5  l ab e l l ed u r e a , w a s  h i gh ,  p a r t i c u l a r l y i n  the 

f i r s t 5 w e e k s  f o l l ow i ng u r e a  a pp l i ca t i o n . 

( b )  S o i l  i no r g a n i c  N a nd i t s uptake  by p l a n t s : 

Amo u n t s  o f  N t a k e n  u p  b y  p l an t s  and f o u n d  a s  s o i l  

i n o r g a n i c  N i n  the top s o i l  o f  3 0 0  mm , a r e  s h o wn i n  Tabl e 

3 . 6 .  As  e x pec ted , f e r t i l i z e r  N appea red qu i c k l y i n  the 

i n o rg a n i c  N p o o l  a s  a r e s u l t  of h yd r o l y s i s .  On d a y  4 2 ,  

me a s u r ed amo u n t s  o f  f e r t i l i z e r  N w e r e  ab o u t  1 . 4  k g  N/ h a  a nd 

the r ea f t e r  fe r t i l i z e r  N c o u ld s c a rc e l y  be d e te c ted i n  the 

i n o r g a n i c  N p oo l  s ug g e s t i ng th a t  i n i t i a l  u r e a N 

t r a n s f o rm a t i o n s  a r e r a p i d . The p l a n t s  t o o k  up a b o u t  2 6  k g /  

h a  o f  f e r t i l i ze r  N d u r i ng t h e  f i r s t 5 we e k s  f o l l ow i ng u r e a  

app l i c a t i o n  a n d  the r e a f t e r  p l a n t  u p t a ke w a s  o n ly abo u t  9 k g  

N /  h a , i nd i c a t i ng th a t  m o s t  o f  f e r t i l i ze r  N u pt a k e  by p l a n t s  

occ u r s  i n  t h e  f i r s t  5 weeks . 

The a mo un t s  o f  n a t i v e  s o i l  N i n  the i no r g a n i c  N p o o l  i n  

the t o p  s o i l  o f  3 0 0  mm depth , d r opped f r om abo u t  6 0  k g  N/ h a  

a t  seed s ow i ng t o  abo u t  3 5  k g  N/ h a  a t  h a r v e s t  ( Ta b l e  3 . 6 ) . 

As p l a n t  u p t a k e  o f  n a t i ve s o i l  N w a s  abo u t  7 0  kg/ h a , a t  

l e a s t  4 5  k g /  h a  o f  N t a k e n  u p  b y  p l a n t s  c o u ld h a v e  come f r om 

m i ne r a l i s a t i o n o f  s o i l  o r g a n i c  N .  

To t a l p l a n t  N u p t a k e  a nd a l so f e r t i l i ze r  N u p t a k e  by 

p l a n t s  a p pe a r ed t o  d ec l i ne a f t e r  abo u t  9 - 1 0  wee k s  ( Tab l e  

3 . 5 ) .  Th e N c o ncen t r a t i on s  i n  p l a n t  m a t e r i a l , shown i n  F i g . 

3 . 1 , a l s o d emo n s t r a te a d ec l i ne i n  N c o nce n t r a t i o n s  a f te r  
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are shown . 
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abo u t  9 weeks . S u c h  a d ec l i ne h a s be e n  o b s e r ved i n  ma i z e 

and w a s  a t t r i b u t e d  to ammo n i a  v o l a t i l i s a t i o n  f r om s e n e s c i ng 

leave s ( Fa r quhar  e t  a l  1 9 7 9 ) . Anuno n i a  v o l a t i l i s a t i o n. f r om 

ba r l e y  l e a f s u r f a c e s  d o e s  no t a ppe a r  to h a v e  been r epo r t ed . 

( c )  Dry m a t t e r  p r od u c t i o n  and N c o n c en t r a t i o n  i n  

p l an t s : 

T h e  d r y m a t t e r  ( D . M . ) y i e l d s  o f  the a b o v e  g r o und p l a n t  

po r t i o n s  a nd the N c o nc en t r a t i o ns i n  h e r b a g e  m e a s ur ed a t  

week l y  i n t e r v a l s  d u r i ng t h e  c r opp i ng pe r i od a r e  shown i n  

F i g . 3 . 1 . Du r i n g  t h e  f i r s t  three  wee k s  f o l l ow i ng seed 

sow i ng , the r a te of  d r y  m a t t e r  p r od uc t i o �  was s l o w r e l a t i v e 

to N u p t a k e  by pl a n t s , r e s u l t i ng i n  h i g h e r  N c o nc en t r a t i o n  

i n  p l a n t s . The t o ta l N ( fe r t i l i z e r  d e r i ved N p l u s  n a t i ve 

s o i l  N )  c o ncen t r a t i o n  i n  p l a n t s  r eached a m a x i mum o f  5 1  k g  

N/ Mg D . M . o n  d ay 1 4  a n d  d id n o t d r op v e r y  much u n t i l  a f t e r  

day 2 1 .  The r a te o f  d r y  m a t t e r  produc t i o n \'<'a s  f a s t  a f t e r  

day 2 1  a nd the N c o nc en t r a t i o n s  we r e  a b o u t  1 3  k g  N/ Mg D . M .  

o n  d a y  7 0 . Th i s  t r e nd , i n  g e n e r a l , i s  s im i l a r  to t h e  

r e s u l t s  o b t a i ned b y  Kow a l e n k o  a n d  Came r on ( 1 9 7 8 ) , who 

r epo r te d  a f i � ld e x pe r i m en t  w i th b a r l ey i n  wh i ch 8 0  k g  N/ h a  

a s  amm o n i um n i t r a te wa s a pp l i ed a t  the t im e  o f  s ow i ng . They 

repo r t ed tha t  p l a n t  a n a ly s i s  at v a r i o u s  s ta g e s  of c r op 

g r o w t h , f o r  t o t a l  N c o nc e n t r a t i o n showed a m a x imum o f  5 4  k g  

N /  M g  D . M .  o n  d a y  3 0  a nd a f a i r l y c o n s t a n t  c o n c e n t r a t i on o f  

abou t 1 8  k g  N/ Mg D . M .  be twe e n  days 6 9  a nd 1 0 9 . The N 

c o n c en t r a t i on i n  p l a n t s  p r i o r to  d a y  3 0  wa s n o t  m e a s u r ed i n  

the i r  s t udy . 

Th e c o n c en t r a t i o n  o f  fe r t i l i z e r  d e r i v ed N i n  p l a n t s  

f o l l o wed t h e  s ame t r e nd a s  t h e  t o t a l  N c o nc en t r a t i o n  
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a s  the 

d i f fe r e n c e  be tween to t a l  N a nd fe r t i l i ze r  N c o nc en t r a t i o n s )  

wa s c o n s i s te n t l y  h i gh e r  t h a n  the fe r t i l i z e r  N conce n t r a t i o n 

in p l a n t s , a f t e r  the f i r s t  week , s ug g e s t i n g  th a t  p l a n t s t o o k  

up a g r e a t e r  p r o po r t i o n  o f  the i r  t o t a l  N a s  n a t i ve s o i l  N .  

3 . 4  CONCLU S I O N S  

W i t h the em i s s i o n  spec t r ome t r i c  tech n i que 

used i n  th i s  i nve s t i g a t i o n , i t  appea r s  t ha t  a n a l y s i s  o f  N - 1 5  

samp l e s  c o n t a i n i n g  m o r e  t h a n  ab o u t  l a tom pe r c e n t  e x c e s s  

s a t i s f a c t o r i l y .  N - 1 5  e n r i c hmen t s , c a n  be · per f o rmed 

Con s e q u e n t l y ,  the p r e s e n t e . s .  tech n i que i s  n o t  u s e f u l  i n  

N - 1 5 t r ac e r  s t u d i e s  i nv e s t i g a t i ng the i mm o b i l i s a t i o n o f  

appl i ed fe r t i l i ze r  N w i th s o i l s  o f  r e l a t i v e l y  h i g h  o rg a n i c  N 

con t e n t  � 0 . 2 % ) , s i nc e  s uch i nv e s t i g a t i o n s  r e q u i r e  

mea s u r em e n t o f  l e s s  tha n  1 a t om 

showed tha t the 

s a t i s f a c t o r i l y  u sed 

p r e s e n t  

t o  me a s u r e  

pe r c e n t  N - 1 5 .  

e . s .  t e c h n i qu e  

N - 1 5 i n  p l a n t  

The s t u d y  

c a n  b e  

a nd s o i l  

i no r g a n i c  N f r a c t i o n  s i nc e  the i s o t ope d i l u t i ori i s  much l e s s  

than i n  the o r g a n i c  N f r ac t i on . 

D a t a  f o r  ch a n g e s  i n  s o i l  i no r g a n i c  N c o n te n t  o v e r  t im e , 

obt a i n ed by the u s e  o f  s o i l  c y l i nd e r s , c a n  be repr e s en t a t i v e  

o f  f i e l d  beh a v i o u r, � l t h o ug h  i t  m u s t b e  r e a l i s ed t h a t  l a r g e  

v a r i ab i l i ty i n  the d a ta e x i s t s . Da ta f o r  p l a n t  N u p t a k e  

ob t a i n ed b y  g r o w i ng p l a n t s  i n  s o i l  c y l i nd e r s  c a n  b e  

repr e s e n ta t i ve o f  f i e l d  d a t a  a t  l ea s t  f o r  t h e  f i r s t  s ev e n  

wee k s  o f  p l a n t  g r owth . A t  g r owth s t ag e s l a te r  t h a n  s e v e n  

w�e k s , p l a n t s  g r own i n  s o i l  c y l i nd e r s  appe a r  t o  s u f fe r  f r om 

r o o t c o n f i n emen t a nd the r e f o r e , p l a n t  N u p t a ke d a t a  ob t a i n e d  

a f t e r  s e ven week s , m a y  u nd e r e s t ima te the f i eld  p l o t  v a l u e s  
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The s tudy i n to t h e  dynam i c  n a t u r e  o f  u r e a  N 

t r a n s f o rma t i o n s , i nd i c a t ed tha t t h e  i n i t i a l  u r e a  N 

t r a n s f o rma t i o n s  a r e  r a p i d , a nd tha t mo s t  o f  f e r t i l i z e r  N 

up t ak e  by p l a n t s  o cc u r s  i n  th e f i r s t  f i v e  w e e k s . The s t udy 

a l s o i nd i c a ted tha t p l a n t s  take  u p  a g r e a t e r  p r o p o r t i o n  o f  

the i r  t o t a l N a s  n a t i v e  s o i l  N .  
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CHAPTER  4 

S H O R T  T E RM FAT E OF UREA N - 1 5  A P PL I ED TO A B A RL E Y C R O P  

4 . 1  I N T RO D U C T I O N 

I n  the p r eced i ng cha p t e r , the f a t e o f  N - 1 5  l abe l l ed 

urea  a pp l i ed to  a ba r l ey c r o p , wa s i nve s t i g a t ed a t  wee k l 1  

i n te r v a l s ,  u s i ng s o i l  cyl i nd e r s . Imm ob i l i s a t i o n  o f  the 

appl i ed N - 1 5  i n to s o i l  o r g a n i c  m a t t e r  c o u l d  n o t  be 

i nve s t i g a ted s i n c e  the em i s s i o n  spec t r ome t r i c  techn i qu e  

u sed , d i d n o t  perm i t  mea s u r emen t o f  N - 1 5  e n r i c hme n t  c l o s e  t o  

n a tu r a l  abundance . Leach i ng l o s s e s  o f  t h e  a pp l i ed N - 1 5 we r e  

n o t  i n ve s t i g a ted s i nce t h e  u se o f  s o i l  c y l i nd e r s  d id n o t  

perm i t  c o l l ec t i o n  o f  leach a t e  s ampl e s . Th e s t ud y , h o w e v e r , 

s ug g e s t ed th a t  i n i t i a l N t r a n s f o rma t i o n s  o f  t h e  a pp l i ed u r e a  

a r e  r a p i d  a n d  mo s t  o f  the f e r t i l i z e r  N u p t a k e  b y  p l an t s  

occ � r s  i n  the f i r s t  f i v e  weeks . A f u r ther  s t udy wa s 

und e r t a k e n  t o  acc o un t  fo r i mm o b i l i s a t i on and l e a c h i ng o f  

N - 1 5 l abe l l ed u r ea appl i ed t o  a b a r l ey c r op , d u r i ng the 

f i r s t f i v e  week s fo l l ow i ng i t s a pp l i c a t i o n . The o b j ec t i ve s  

were : 

( i )  to  q u a n t i fy immob i l i s a t i o n  o f  app l i ed N - 1 5  u s i ng ma s s  

s pe c t r ome t r y , 

( i i )  t o  q u a n t i fy l each i n g  l o s s e s  o f  N- 1 5  a ppl i ed t o  sma l l  

l y s ime te r s , u nd e r  two m o i s t u r e  t r e a tmen t s  t h a t  a r e  

r e p r e s e n ta t i ve o f  a n o rma l a nd a we t s e a so n ; 

( i i i )  t o  a s se s s  the p o te n t i a l  moveme n t  o f  n i t r a te i n  s o i l , 

u s i ng b r om i d e  a s  � d o ub l e  t r ac e r  f o r  a pp l i ed N ;  a nd 

( i v )  t o  o b t a i n  a mo r e  d e t a i l ed N - 1 5  ma s s  b a l a n c e . 
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4 . 2  M E T H O D S  A N D  MAT E R I A LS 

4 . 2 . 1  M i c r o p l o t s a nd l y s i rn e te r s  i n s t a l l a t i o n : 

The e xper i m e n t a l  s i t e wa s l o c a t ed a t  the T i r i te a  

Re s e a r c h  A r e a , i n  pa r t  o f  a ma i n  p l o t  prepa r ed f o r  s ow i ng 

b a r l e y .  W i th i n  th i s  m a i n  p l o t ,  m i c r o p l o t s  a nd l y s i m e t e r s  

we r e  u sed t o  i s o l a t e sma l l  a r ea s  f o r  N - 1 5  s t ud i e s . Two 

m i c r o p l o t s , e a c h  0 . 4 4 m2 i n  a r e a , we r e  fo rmed by p u s h i ng 

t h i n  g a l v a n i zed i r o n  r i n g s  i n t o the b a r e  c u l t i v a t ed s o i l  to 

a d ep t h  o f  2 5 0  mm . Ad j ac e n t  t o  t h e  m i c r op l o t s  8 cub i c  

l y s ime t e r s  w i th 2 0 0  mm s i d e  l e ng th w e r e  i n s t a l led . The s e  

w e r e  f i l l ed by p u s h i ng th i n  g a l v a n i sed i r o n  f r ames 2 0 0  mm 

i n t o  the s o i l  t o  o b t a i n  r e l a t i v e l y  und i s t u rbed c o r e s  o f  the 

top s o i l , wh i ch wa s appr o x ima t e l y  2 0 0  mm deep . A f t e r  

r em ov a l , t h e  b o t t oms o f  the c o r e s  w e r e  c o v e r ed w i th a th i n  

l a y e r  o f  f i ne g r a v e l , chees e - c l o th and w i r e -mesh , w i th the 

f r am e s  becom i ng t h e  l y s ime t e r  c a s i ng s . The l y s ime t e r s  w e r e  

m o u n t ed f l u s h  w i t h  the s o i l  s u r f a c e , i n  meta l l i ne r s  d eep 

e n o ugh to h o u s e  a c o n t a i ne r  to c o l l e c t  the d r a i na g e . The 

l y s ime t e r s  c o u l d  be r emoved f o r  we i gh i ng . 

4 . 2 . 2  C r o p  phe n o l o g y : 

B a r l ey wa s s o wn a t  appr o x i m a t e l y  2 5 0  s eeds/m 2 i n  b o th 

the m i c r o p l o t s  a nd l y s ime t e r s  o n  Decembe r  4 , 1 9 8 0  ( d a y  0 ) . 

On the s ame d a y , a powd e r ed m i x t u r e  c o n t a i n i n g ur e a  ( 1 0 0  

kg N/h a ) ,  po ta s s i um b r om i d e  ( 6 7  . kgB r/ha ) a nd a l i t t l e d r y  

s o i l  a s  a n  e x t e nd e r , w a s  s p r i n k l ed o n t o  the m i c r o p l o t s  a nd 

l y s ime t e r s .  The u r e a  wa s e n r i ch e d  w i th 8 . 8 9 4 a t om p e r c e n t  

N - 1 5 e x ce s s . The s eed s had t o  be r e s o v1n on d a y  6 ,  d ue t o  

s l ug d am ag e . Eme r g e nce o c c u r r ed i n  d ay 1 1 ,  a nd t h e  

e x pe r i me n t  wa s t e rm i n a t ed o n  d a y 3 5  ( Ja n u a r y  8 , 1 9 8 1 ) . At 
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th i s  t ime the b a r l ey wa s 2 5 0  mm t a l l , a nd h ad j u s t  a c h i e v ed 

canopy c l o s u r e . 

4 . 2 . 3  Wa t e r  i n pu t s : 

Two l e ach i ng t r e a tm e n t s  we r e  i mpo sed . Ra i n f a l l  and  

i r r i g a t i o n  i npu t s  f o r  the two l ea c h i ng t r e a tments  are  s h o wn 

i n F i g . 4 . 1 .  The  two m i c r op l o t s  a n d  f o u r  o f  the l y s irne t e r s  

rece i ved r a i n f a l l  { 7 4 mm ) a nd i r r i g a t i o n  { 2 9  �� app l i ed i n  

sma l l  i nc r emen t s  a f ter d a y  2 0 )  t o t a l l i ng the n o rm a l  r a i n f a l l  

o f  1 0 3  mm f o r  a 3 5  d a y  per i od a t  th a t  t ime o f  the y e a r  ( An o n  

1 9 7  9 )  • The 

app r o x i ma t e l y  

o th e r f o u r  l y s i m e t e r s  we r e  i r r i g a t ed a t  

wee k l y i n t e r va l s  s o  t h a t  the t o t a l  r a i n f a l l  

p l u s  i r r i g a t i o n  o v e r  the 3 5  d a y s  equ a l led the 9 0  p e r c e n t i l e  

r a i n f a l l  o f  1 8 6  mm . The s e t wo t r e a tmen t s  a r e  r e f e r r ed t o  

s ub s e qu e n t l y  a s  the " no rma l 11 and 11 we t "  t r e a tme n t s . Each d a y  

the l y s ime t e r s  w e r e  we i g h ed and the d r a i na g e  m e a s u r ed ; 

r a i n f a l l wa s a l s o  mea s u r ed d a i l y  a t  the s i te .  

4 . 2 . 4  So i l  a nd p l a n t  s amp l i ng p r oced u r e s : 

The s o i l  i n  the m i c r opl o t s  w a s s ampl ed o n  d a y s  0 

(be f o r e  fe r t i l i z a t i o n ) , 3 ,  7 ,  1 4 ,  2 3  a nd 3 5 .  A t  e ach 

sampl i n g , f i v e  c o r e s , 10 mm in d i am e te r , we r e  t a k e n  t o  a 

depth o f  2 0 0  mm f r om each m i c r o pl o t . The h o l e s  l e f t  by the 

co r e r  we r e  immed i a te l y  p l u g g ed w i th wood en r od s . Each c o r e  

was c u t  i n to f o u r  5 0  �n l o ng s e c t i o n s , a nd the c o r r e sp o n d i ng 

sec t i o n s  f r om the 1 0  c o r e s  taken  a t  each s ampl i ng b u l ked f o r  

ana l ys i s .  

O n  d ay 3 5 ,  the above- g r o und po r t i o n s  o f  the pl a n t s  i n  

the rn i c r o p l o t s  a nd l y s irne t e r s  w e r e  h a r v e s ted , d r i ed ,  we i ghed 

a nd g r o und for  a na l ys i s . Roo t  ma te r i a l  wa s e x t r ac t ed 

manu a l l y  f r om the l y s irneter s o i l , w a shed f r ee of s o i l , then 
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Fig. 4 . 1  Rainfall C l ) and add itional water input as irr igation (� ) 

applied to both normal and wet lysimeters and additional 

irr igation e O ) applied to wet lysimeters during the 

ex per imen t .  
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a l s o  d r i ed , we i g hed a nd g r o u nd f o r  a n a l y s i s .  The s o i l  f r om 

the lys i me t e r s w a s  we l l  m i x ed a n d  t h e n  s ub - s a mp l e d f o r 

an a l y s i s . 

4 . 2 . 5  A n a l y t i c a l  p r o c ed u r e s : 

The f o l l o w i ng a n a l y t i c a l  p r o c ed u r e s  w e r e  u s ed . So i l  

samp l e s we r e  f i r s t  e x t r ac t ed us i ng a 1 0 : 1  s u s pe n s i o n  o f  0 . 5  

M p o t a s s i um s u l ph a t e , a nd e x t r a c t s  we r e  ana l ysed f o r  

i n o r g a n i c  N ( ammo n i um + n i t r a te + n i t r i t e )  a s  d e s c r i b ed by 

B r em n e r  a nd Keeney ( 1 9 6 6 ) . An e x c e p t i o n wa s . ma d e  f o r  the 

m i c r op l o t  samp l e s  t a k e n  on day 0 .  They we r e  a n a l y s ed f o r  

amm o n i um sepa r a t e l y  f r om n i t r a t e + n i t r i te ,  a s  d e s c r ibed b y  

B r em n e r  a n d  Keeney ( 1 9 6 6 ) . So i l  r e s i d ue s  a f t e r  po t a s s i um 

s u l ph a t e  e x t r a c t i o n  w e r e  d r i ed a t  6 0  C ,  g r o u nd , a nd a n a l y sed 

f o r  o r g a n i c  N u s i ng the Kj e l d a h l  p r o c ed u r e  ( B r emner 1 9 6 5 a ) . 

K j e ldah l a n a l y s e s  o f  p o t a s s i um s u l ph a te e x t r a c t s , f r om the 

m i c r o p l o t  s amp l e s  c o l l ec ted on d a y s  3 and 7 ,  a l l owed u r e a  N 

t o  be f o und a s  the d i f f e r ence between the t o t a l  a nd 

i no rg a n i c  N i n  the s e  e x t r a c t s . To t a l  N i n  the p l a n t  s amp l e s  

w a s d e t e r m i ned b y  a s a l i c y l i c  ac i d - th i o s u l ph a te mod i f i c a t i on 

o f  the K j e l d a h l  me thod ( Br em n e r  1 9 6 5 a ) . The l e a ch a te 

s amp l e s  w e r e  a n a l y s ed f o r  i no rg a n i c  N a s  d e s c r ibed b y  

B r emne r a nd Ke eney ( 1 9 6 6 ) . Th e N - 1 5  e n r i chmen t s  i n  t h e  

s o i l ,  p l a n t  a nd l e a c h a te s amp l e s  w e r e  d e t e r m i ned u s i ng a 

m a s s  s pe c t r omete r , a s  d e s c r i bed by B r em n e r  ( 1 9 6 5d ) . 

The po t a s s i um s u l ph a t e  s o i l  e x t r a c t s  r e fe r r ed t o  above , 

a nd the l ea c h a t e  s ampl e s , w e r e  a l so a n a l ys ed f o r  b r om i d e  

u s i ng a s e l ec t i ve - i o n  e l ec t r od e . Po t a s s i um s u l ph a t e  ( a c t i ng 

a s  a n  i o n i c  s t r eng th a d j u s te r ) wa s added to the l e a ch a t e  

s amp l e s  a nd b r om i d e  s t and a rd s  t o  g i ve 0 . 5  M c o nc en t r a t i o n . 
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4 . 3  RES ULTS AND D I SC U S S I ON 

T h e  d a i l y l y s ime t e r  d r a i n a g e , t o ta l l i ng 3 0  + 6 mm f r om 

the n o rma l lys ime t e r s ,  a nd 6 8  + 6 mm f r om the we t 

l ys ime t e r s , i s  

o c c u r r ed f r om 

sh own i n  F i g . 4 . 2 . The f i r s t  d r a i n age 

the we t l ys i me t e r s  on day 5 ,  but no d r a i n a g e  

occurred f r om t h e  n o rm a l l ys ime t e r s  u n t  i 1 d ay 2 0 .  

4 . 3 . 1  T o t a l r e c o v e r y  o f  a pp l i ed f e r t i l i ze r  N :  

The fe r t i l i ze r  d e r i v ed N ,  na t i ve s o i l  N a nd b r om i d e  

f o u nd i n  the so i l , p l a n t  m a t e r i a l  and a c c um u l a ted d r a i n a g e  

o n  d a y  3 5 ,  a r e  shown i n  T a b l e  4 . 1 . App r o x ima t e l y 9 0 %  o f  t h e  

a pp l i ed N wa s r e c o v e r ed f r om the l y s i m e te r s , s o  unacc o u n ted 

f o r  l o s se s  were not l a rg e . Ga seous N l o s s es , d ue t o  

v o l a t i l i z a t i o n o f  ammo n i a  a nd d en i t r i f i c a t i o n o f  n i t r a t e , 

c on s t i t u te t h e  mo s t  l i ke l y pa thways f o r  t h e  u n acco u n ted f o r  

l o s s e s . Howev e r , t h e  s o i l  t o  wh i ch th e u r e a  wa s appl i ed had 

a m e a n  t empe r a t u r e  of 1 7  c ,  C : N  r a t i o of 1 3  and a p H  o f  

a bo u t  6 ,  s o  c o nd i t i o n s  we r e  n o t  c o nd uc i ve to e x ce s s i ve 

v o l a t i l i z a t i on ( Ne l s on 1 9 8 2 ) . Al s o , d e sp i te mo i s t  

c o nd i t i o n s , pa r t i c u l a r l y i n  the w e t  l y s i m e te r s , the 

r e a s o n a b l e  m a c r o po r o s i ty a nd s o i l  s tr uc t ur e  in the A h o r i z o n  

p r o b a b l y  e n s u r ed a d e qu a t e  a er a t i o n  a nd l i t t l e  

d en i t r i f i c a t i on ( F i r e s t o n e  1 9 8 2 ) . The l e ac h a t e s  we r e  n o t  

a n a l ys ed f o r  N i n  t h e  u r e a  f o rm . Pr obab l y  s ome N wa s l o s t  

f r om t h e  wet l y s i me t e r s i n  th i s  f o rm o n  d a ys 5 and 6 ,  a s  

u r e a  w a s  s t i l l  p r e s e n t  i n  the so i l  a t  th i s  t ime . Th i s  may 

e x p l a i n  why the u n a c c o u n t ed f e r t i l i z e r  N l o s se s  f r om the we t 

l y s i m e t e r s we r e  s l i g h t l y g r e a t e r  tha n i n  the n o rm a l  

l y s ime t e r s .  



25 

.-. 20 
a 8 -

:, 15  
«S 

·� 
� 

Q 10  

5 

o l__--..!-!---1---l..�----'----0 5 10 15  20 
Time (d) 

Page 68 

25 30 35 

Fig. 4 .  2 Drainage from normal lysimeters ( I ) and add itional drainage 

from wet lysirneters eO ) as a runction of time. 



Pa g e  6 9  

Tab l e  4 . 1  N i t r o g e n  a nd b r om i d e  i n  s o i l ,  p l a n t  and d r a i n a g e  

wa t e r  a f t e r  3 5  d a y s . A l l  v a l ue s  a r e  i n  Kg N/ha . Me an s a nd 

s t a nd a r d  d ev i a t i o n s  a r e  g i ven f o r  the l ys i m e t e r  d a ta . 

Spec i e s  

a nd poo l  

F e r t i l i z e r  N 

App l i c a t i o n 

P l a n t  s ho o t s  

P l an t  r o o t s  

L e a c h i ng 

S o i l  o r g a n i c  

S o i l  i no r g a n i c  

U n a c c o u n ted f o r  

N a t i ve N 

P l a n t sho o t s  

P l a n t  r oo t s  

Le a ch i ng 

S o i l  o r g a n i c  

S o i l  i n o rg a n i c  

B r om i d e  

App l i c a t i o n 

S o i l  

L e a c h i ng 

U n a cc o un ted f o r  

M i c r op l o t s 

1 0 0  

2 3  

4 7  

9 

4 7  

5 8 7 9  

5 1  

6 7  

4 1  

N o r m a l  

l y s i me t e r s  

l O O  

2 5  + 2 

7 + 1 

6 + 1 

4 5  + 1 

9 + 1 

4 2  + 7 

1 5  + 5 

1 0  + 1 

5 6 2 4  + 1 4 3  

5 9  + 5 

6 7  

2 8  + 6 

3 0  + 4 

9 + 5 

We t 

l ys i rn e t e r s  

1 0 0  

' 1 8  + 2 

4 + 1 

1 4  + 1 

4 9  + 3 

4 + 1 

1 1  + 3 

1 8  + 3 

5 + 2 

1 7  + 5 

5 6 7 9  + 5 8 8  

4 0  + 7 

6 7  

1 2  + 4 

5 1  + 2 

4 + 3 



4 . 3 . 2  To ta l r ec o v e r y  o f  a pp l i ed b r om i d e : 

O v e r  9 0 %  o f  the b r om i d e  app l i ed to the 

rec ove r ed f r om the s o i l  a nd l e ach a t e . 

brom i d e  wa s n o t  m e a s u r ed , and m a y  a c c o un t fo r 

P a g e  7 0  

l ys i m e t e r s  wa s 

P l a n t  u p t a k e  o f  

much o f  the 

r ema i n i ng 1 0 % . Kanch ana s u t a nd S c a t t e r  ( 1 9 8 2 )  f o u nd 1 3 %  o f  

brom i d e  appl i ed to pa s t u r e  wa s t a k e n up by the p l a n t s . 

The b r om i d e  d a t a  f r om t h e  m i c r o p l o t s  a r e  s h own i n  

F i g . 4 . 3 . On  days  3 , 7  and 1 4 ,  o v e r  9 0 % o f  the appl i ed 

brom i d e  wa s r e c o v e r ed f r om the s o i l ,  a l though the d a ta shaH 

some r ed i s t r i b u t i o n  f r om the t o p  1 0 0  mrn t o  1 0 0 - 2 0 0  mm d e p t h  

d u r i ng th i s  p e r i od . B y  d a y  3 5 ,  o n l y 6 0 %  o f  t h e  appl i ed 

brom i d e  wa s r e c o v e r ed f r om the m i c r o p l o t s , m o s t  o f  the 

r ema i n i ng 4 0 %  p r obably hav i ng been l e ached , as shown by the 

norm a l  l y s ime t e r  data i n  Tab l e  4 . 1 .  A l s o , o n  d a y 3 5 , the  

b r om i d e  was  r e l a t i v e l y  u n i f o rm ly d i s t r i b u t ed t h r o ug h o ut the 

2 0 0  mm o f  s o i l  in  the  m i c r o p l o t s , a l tho ugh the h i gh e s t  

concen t r a t i o n  wa s s t i l l  i n  t h e  t o p  5 0  mm . Th i s  l ea c h i ng 

pa t t e r n  i s  s i m i l a r  to tha t o b s e r v ed by Kanch a n a s u t  a nd 

Sca t te r  { 1 9 8 2 ) , a nd s ug g e s t s  n o n- u n i fo rm wa t e r  m ov eme n t  

th r o ugh t h e  s o i l . 

4 . 3 . 3  Fe r t i l i z e r  d e r i ve d  i no rg an i c  N 

Ana l y s i s  o f  s o i l  s amp l e s  t a k en f r om the m i c r o p l o t s  o n  

days 3 a nd 7 ,  showed th a t  t h e  �moun t s  o f  u r e a  N we r e  4 3  a nd 

1 4  kg/h a r e s p ec t i ve ly .  The amo u n t s  o f  u r ea N h yd r o l ys e d  

we r e , t h e r e f o r e , 5 7  kg/ha d u r i ng t h e  f i r s t  3 d a y s  a nd 2 7  

kg/ha d u r i ng the f o l l ow i ng 4 d a y s , i nd i c a t i ng th a t , i n  the  

mo i s t s o i l , urea  hyd r o l ys i s  wo u l d  be r a p i d . Th i s  i s  i n  

g en e r a l  a g r e emen t  w i th the f i nd i ng s  o f  l ab o r a t o r y  s t ud i e s  

( Ov e r r e i n  e t  a l  1 9 6 7 ;  Aya n a b a  e t  a l  1 9 7 6 ; S a n kh a y am e t  a l  

1 9 7 6 )  i n ve s t i g a t i ng u r e a  hyd r o l y s i s . 
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Fig . 4 . 3  Fert il izer derived inorganic N ( -- ) and bromide ( - - - - -) in 

microplots at 0-50 mm <• , o ) , 50-1 00 rrm < •  , 6. ) , 1 00-1 50 mm 

( e  , o ) and 1 50 -200 mm (* ,* ) depths , as a function of t ime 

after urea appl ication .  
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Mo s t  o f  the u r e a  mea s u red i n  m i c r o p l o t s  o n  d a y s  3 a nd 

7 ,  wa s found i n  the 5 0 - 1 0 0  mm d e p th s amp l e s , i nd i c a t i ng 

d i s p l a cement o f  u r e a occ u r r ed d u e  t o  r a i n f a l l . The 

fer t i l i z e r -d e r i v ed i n o rg a n i c  N m ea s u r ed i n  the m i c r op l o t s  i s  

shown i n  F i g . 4 . 3 .  I n  the 0 - 5 0  �m l a yer , i t  wa s h i g he s t  o n  

d ay 3 ;  a t  o th e r  depths i t  w a s  h i g h e s t  o n  d ay 7 ,  wh i ch i s  

c o n s i s te n t  w i th the u r e a  m e a s u r em e n t s  q u o ted ' ab ov e . T ab l e  

4 . 1  shows th a t  a f t e r  3 5  d a y s , the  m i c r o p l o t s  a nd n o r m a l  

l y s ime t e r s  c o n t a i ne d  9 k g /ha o f  i n o r g a n i c  fe r t i l i z e r  N ,  

wh i l e the we t l y s i m e t e r s  o n l y  c o n t a i n ed 4 k g /ha . 

4 . 3 . 4  Fe r t i l i z e r  d e r i v ed o r g a n i c  N 

The fer t i l i z e r  d e r i ved o r g a n i c  N d a t a  · f r om the 

m i c r o p l o t s  a r e  shown i n  F i g . 4 . 4 .  Mo s t  o f · t h e  

i mmob i l i s a t i o n  o c c u r r ed be twe e n  d a y s  3 and  1 4 .  B y  d ay 3 5 ,  

ne a r l y  h a l f  o f  the a pp l i ed N w a s  p r e s e n t  i n  the o r g a n i c  

f o rm , i nd i c a t i ng t ha t  i mm ob i l i sa t i o n  c a n  be v e r y  s i g n i f i c a n t  

a nd r a p i d . The immob i l i s ed f e r t i l i z e r  N w a s  f a i r l y 

u n i f o rm l y  d i s t r i b u t ed thr o ug h o u t  the t o p  2 0 0  mm o f  s o i l . 
I 

Ver y  s im i l a r  amo u n t s  o f  N w er e  i mmob i l i s ed i n  b o th t h e  

no rma l and we t l ys imete r s  ( Tab l e  4 . 1 ) . 

I n  o th e r  f i e ld s t ud i e s  ( We s t e rm a n  e t  a 1  1 9 7 2 ; C r a sw e l 1  

1 9 7 9 ;  Legg a n d  Me i s i n g e r  1 9 8 2 ) , the e x te n t  o f  N - 1 5  

imm ob i l i s a t i o n  h a s  been r epo r ted t o  v a r y  be tween 1 1  t o  4 4 % ,  

und e r  a s im i l a r  r a te o f  a b o u t  1 0 0  kg N/h a  a pp l i c a t i o n t o  

c r o ps . The se s t ud i e s  mea s u r ed N - 1 5  immob i l i s a t i o n  by t h e  

end o f  the g r o w i ng s e a so n ; a nd the e x te n t  o f  N - 1 5 

immob i l i s a t i o n  d u r i ng the e a r l y s t a g e s  o f  c r op g r owth i s  n o t 

known . Rap i d  immob i l i s a t i o n  o f  N - 1 5 a pp l i ed to pa s t u r e  h a s  
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Fig . 4 . 4  Fert ilizer derived organic N in microplots at 0-50 mm [] ) , 

50-1 00 mm ( 6  ) , 1 00-1 50 mm ( O ) ,  and 1 50-200 mm ( * ) depths , 

as a funct ion of t ime after urea application .  



P a g e  7 4  

been r e po r ted i n  a New Z e a l and i n v e s t i g a t i o n ( Keeney a nd 

Macg r eg o r  1 9 7 8 ) . They r e po r t ed tha t o v e r  9 %  ( ab o u t  2 7  

kgN/h a )  o f  the u r e a  N appl i ed a t  3 0 0  kgN/ha , w a s  i mm ob i l i s ed 

w i th i n  a d a y  and 1 3 %  ( ab o u t  4 9  k g N/h a )  by t h e  end o f  7 d a y s , 

s ug g e s t i ng tha t the s o i l  had a h i g h  d e g r e e  o f  b i o l og i c a l  

ac t i v i ty .  S t ud i e s  o n  the sho r t - te rm f a te o f  S- 3 5  l a be l l ed 

gyp s u m  fe r t i l i z er ( Goh a nd G r e g g  1 9 8 2 )  a l s o  i nd i c a te r a p i d  

immob i l i s a t i o n  o f  s u l ph u r  b y  the b i o l og i c a l ac t i v i t y .  Th i s  

m i g h t  b e  e x pec ted i n  a p a s t u r e  s o i l ; 
s .  

a nd wh e � e a pature  i s  

p l o ug hed f o r  c r o pp i ng , i t  i s  p o s s i b l e  tha t a r e l a t i v e l y  h i g h  

deg r ee o f  b i o l og i c a l  a c t i v i ty m i g h t  pe r s i s t  d u r i ng t h e  e a r l y  

s ta g e s  o f  c r o pp i ng pha s e . I n  the p r e s en t  i nv e s t i g a t i o n , the  

s o i l  wa s c r opped for  4 y e a r s  s i nce p l o ugh i ng f r om pa s t u r e .  

A r e l a t i v e l y  h i gh d eg r e e o f  b i o l o g i c a l  a c t i v i ty c o u ld h a v e  

p r ed i s po sed towa r d s  the e x t e n t  o f  N - 1 5 immob i l i s a t i o n 

mea s u r ed . 

4 . 3 . 5  Leach i ng l o s s e s  o f  n i t r o g e n  a nd b r om i d e : 

T o t a l  l each i ng l o s se s  o f  N a nd B r  f r om the we t 

lys i me t e r s we r e  n e a r l y  tw i c e the l o s s e s  f r om the n o rm a l  

l ys i m e ter s ( Tab l e  4 . 1 ) . The amo u n t s  o f  B r  a nd i no r g a n i c  N 

l e a ched f r om the we t l y s ime t e r s  o n  d i f f e r e n t  d a y s  a r e  shown 

in T a b l e  4 . 2 .  As e x p e c t ed , g i ven tha t p r e fe r e n t i a l  f l ow 

o cc u r r ed , the g r e a t e s t  l o s s e s  o f  b r om i d e  a nd n a t i v e  s o i l  N 

per mm o f  d r a i nage w e r e  f r om the e a r ly d r a i na g e  e v e n t s . 

How e v e r , th i s  wa s no t t r ue f o r  fe r t i l i ze r  d e r i v ed i no r g a n i c  

N ,  p r e s umab l y  d ue t o  m o r e  o f  i t  b e i ng p r e s en t  a s  n i t r a te 

( an d  l e s s  a s  amm o n i um )  on d a y s  2 0  t o  2 7  than d ays 5 t o  9 .  

I t  i s  i n t e r e s t i ng tha t 7 6 %  o f  the appl i ed b r om i d e , b u t  o n l y  

1 4 %  o f  the f e r t i l i ze r  N ,  appe a r ed i n  the d r a i nag e f r om the 
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Tab l e  4 . 2  I n o r g a n i c  N and b r om i d e  l e ached f r om we t l ys ime t e r s .  

Me a n s  and s t a nd a rd dev i a t i o n s  a r e  g i v e n . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P e r i od D r a i n a g e  Fe r t i l i ze r  N N a t i v e  N B r om i d e  

mm k g/h a k g/ha k g /ha 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

D a y s  5 , 6 and 9 1 8  + 2 1 . 9  + 0 . 4  5 . 4 + 1 . 0  2 2  + 3 - - - -

D a y  2 0  3 0  + 2 8 . 8  + 1 . 0  7 . 6 + 3 . 3  2 0  + 3 - - - -

D a y s  2 4  a nd 2 7  2 0  + 4 3 . 3 + 0 . 7  4 . 4  + 1 . 7  9 + 5 - - - -

I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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wet l y s ime t e r s . Th i s  i s  a c o n s e q u e n c e  o f  the r a p i d  

hyd r o l y s i s  and i mmob i l i s a t i o n  o f  m u c h  o f  t h e  u r e a  N i n t o 

ammo n i um a nd o r g an i c  N ,  t wo N f o rms n o t  p r o n e t o  l e a c h i ng .  

On the o th e r  h a nd, u r e a , n i t r a t e and b r om i d e  have been 

ob s e r ved t o  m o v e  r e ad i l y Y.l i th s o i l  w a t e r  ( Sm i th a nd D a v i s  

1 9 7 4 ;  vla g e n e t  e t  a l  1 9 7 7 ) . 

4 . 3 . 6  P l a n t  u p t a k e  o f  N 

Abo v e  g r o und d r y  m a t t e r  y i e l d s  a t  h a r v e s t o n  d a y  3 5  

f r om t h e  m i c r o p l o t s , n o rm a l l y s im e t e r s  a n d . we t  l y s ime t e r s  

we re 2 5 8 0  + 2 7 0 , 2 1 7 0  + 3 8 0 and 2 3 8 0  + 5 0 0  kg/ha 

r e spec t i v e l y . The r o o t  d r y . ma s s e s  we r e  9 1 0  + 1 7 0  and 1 1 2 0  + 

2 8 0  k g /h a  f o r  the n o rm a l  and w e t  l y s ime t e r s  r e s pec t i ve l y . 

Th us d ry m a t t e r  y i e l d s  d i d no t d i f f e r  s i g n i f i c a n t l y  b e tween 

the m i c r op l o t s  a nd the n o rm a l  a nd wet l y s ime t e r s . 

P l a n t  up t a k e  o f  b o th f e r t i l i z er  and n a t i ve N w a s  

s im i l a r  i n  t h e  m i c r o p l o t s  a nd n o r m a l  l y s ime t e r s  ( Tab l e  4 . 1 ) . 

However  c o n s i d e r ab ly l e s s  fe r t i l i z e r  and n a t i v e N wa s t a k e n  

u p  b y  b o th shoo ts a nd r o o t s  i n  t h e  � e t  l y s ime t e r s  than  i n  

the no r m a l lys ime t e r s .  Th i s  d i f fe r ence c a n  be e x p l a i n ed i n  

p a r t  by the e nhanced l ea c h i ng a nd l owe r i no r g a n i c  N v a l ue s  

i n  the w e t  l y s ime t e r s .  Wh i l e the l o wer N u p t a k e  d o e s  n o t  

s eem t o  have a f fec ted d r y  m a t t e r  y i e l d  o n  d a y  3 5  f r om the 

wet l y s ime ter s ,  i t  may w e l l  h a ve a f fec ted l a te r  d r y  m a t t e r  

prod uc t i o n  and g r a i n  y i e l d . Pl a n t  up t a k e  o f  n a t i ve N wa s 

abo u t  t w i c e  tha t o f  f e r t i l i z e r  N i n  the m i c r op l o t s  a nd 

norma l l y s imete r s . Howe v e r  i n  the we t l y s ime te r s  the 

amou ri t s  of na t i ve a nd f e r t i l i z e r  N taken u p  were the s ame � 

Whe the r th i s  d i f f e r ence i s  r e a l  o r  an e x p e r imen t a l  a r t i f a c t 

i s  n o t  c l e a r . 
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4 . 3 . 7  Na t i ve s o i l  N 

In the mi c ro pl o t s ,  the amount s o f  ammonium and ni t ra t e  ---'11-

w e r e  40 and 22  kg N/ ha ( 200 mm surface s o i l ) respec t i v e ly , ___ _,_ 

p ri o r  to urea ap p l. i c a t i on ( d ay 0 ) . 

N a t i v e  s o i l  i n o r g a n i c  and o r g a n i c  N p r e se n t  o n  d a y  3 5 ,  a nd 

c umul a t i v e p l a n t  u p t a k e  a nd l each i ng o f  n a t i v e N o v e r  the 3 5  

d ays , a r e  s h o wn i n  T ab l e  4 . 1 .  The amo u n t s  o f  n a t i v e 

i n or g a n i c  N p r e s e n t  on d a y  3 5  i n  the m i c r o p l o t s  a nd 

l y s i me t e r s  we r e  5 t o  1 0  t im e s  g r e a te r  t h a n  the f e r t i l i z e r ­

d e r i v ed i no r g a n i c  N .  · As e x pe c ted i n c r e a sed d r a i n a g e  

a f fe c t e d  l ea c h i n g  l o s s e s , t h e  we t l ys ime t e r s· l o s i n g 7 0 %  mo r e  

n a t i v e N b y  l e ac h i ng t h a n  n o r m a l  l y s ime t e r s .  

The ne t m i n e r a l i s a t i o n  r a te o f  n a t i ve so i l  N co u l d  n o t  

be i n fe r red f r om c h a ng e s  i n  o r g a n i c N mea s u r emen t s , a s  the 

s p a t i a l  v a r i ab i l i ty o f  appr o x i m a t e l y  � 5 0 0  k g /ha a s s o c i a ted 

w i th s uc h  mea s u r em e n t s  was an o rd e r  o f  magn i t ud e  g r e a t e r  

than  t h e  amo u n t o f  N l i k e l y  t o  b e  m i ne r a l i sed o v e r  t h e  3 5  

d a y s . So n e t  m i ne r a l i s a t i o n  o f  n a t i ve s o i l  N w a s  a s s umed 

equ a l  to the s um o f  the amo u n t  l e a c hed and taken up by the 

p l a n t s  i n  the n o rm a l l y s ime t e r s , l e s s  the d e c r e a s e  i n  n a t i ve 

i no r g a n i c  so i l  N f r om d a y  0 t o  d a y  3 5  i n  the m i c r o p l o t s . 

The n e t  m i n e r a l i s a t i o n  c a l c u l a t ed th i s  w a y  wa s 4 2  k g  N/h a , 

o r  1 . 2  k g  N/ha /d a y . Th i s  m i ne r a l i s a t i o n  r a te i s  w i th i n  the 

r a ng e  o f  v a l ue s  ( 0 . 5  t o  1 . 5 kg N/h a/d a y ) , tha t a r e � e po r ted 

iri th e l i te r a t u r e  ( 2A . 2 . 4 . i i )  for s e ve r a l  New Z e a l and s o i l s .  

4.4 CONC LUS I ON S  

T h e  r e c o v e r y  o f  9 0 %  o f  t h e  a p p l i ed fe r t i l i z e r  N 

i nd i c a te s tha t r e l a t i ve l y  l i t t l e  v o l a t i l i z a t i o n and 

d en i t r i f i c a t i o n o c c u r r ed . 
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liyd r o l ys i s  a nd immob i l i s a t i on o f  the u r e a  N occ u r r ed 

rap i d ly . One we e k  a f t e r  appl i c a t i o n , 8 6 %  o f  u r ea N had been 

hyd r o l y s ed , wh i l e  a f te r  two wee k s  3 6 %  o f  it  had b e e n  

immob i l i sed i n t o o r g a n i c  m a t t e r . R a p i d  i mmob i l i s a t i o n o f  

fe r t i l i z e r  N p r ob a b l y  r e s u l ted d ue t o  a r e l a t i v e l y  h i gh 

deg r e e  o f  b i o l o g i c a l  a c t i v i ty .  

As e xpec ted , l ea ch i ng wa s a f u n c t i o n  o f  d r a i n ag e .  Bu t 

whe r e a s  7 6 %  o f  t h e  b r om i de appl i ed w a s l e ached f r om t h e  we t 

lys i m e t e r s ,  o n l y  1 4 %  o f  the f e r t i l i z e r  N wa s l ea ched , 

p r e s umab l y  d ue t o  i t s r a p id t r a n s f o rm a t i o n i n t o  ammon i um a nd 

o rg a n i c  N .  

The i nc r e a sed l e a ch i ng o f  N f r om the wet l y s i m e te r s  

comp a r ed w i th the no rm a l  l y s ime t e r s  wa s a t  the e x p e n s e  o f  

pl a n t  u p t a k e , h a v i ng l i t t l e  e f fe c t o n  the amo u n t o f  N 

i mmob i l i s ed . 
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MOD ELL I NG T H E  S H O R T  T E R M  F A T E  OF U R E A  

N I T R O G E N  A P P L I E D T O  A B A R L E Y  CROP 

5 . 1 I N TRODUC T I O N 

I n  the pr eced i n g chap t e r � the r e s u l t s  
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o f  a n  

i nv e s t i g a t i o n  i n t o  the f a te o f  u r e a  a pp l i ed t o  a b a r l �y c r o p  

we r e  p r e s e n t ed . I n  th i s  chapt e r , t h e  ob j ec t i ve i s  t o  

d e v e l o p , u s i ng t h e  d a ta p r e s e nted i n  c h a p t e r  4 ,  a mod e l  t h a t  

c a n  be u s ed to p r e d i c t  the f a t e o f  u r e a  N i n  the f i v e  we e k s  

fo l l ow i ng i t s a p p l i c a t i o n  t o  a ba r ley c r op . The a i m o f  t h e  

m o d e l  i s  ma i n l y  to p r ed i c t  t h e  e f fe c t s  o n  t h e  f a t e  o f  u r e a  

N ,  o f  d i f fe r ent r a i n f a l l  reg ime s f o l l o w i ng l a te s p r i ng 

app l i c a t i o n .  Ra i n fa l l  i s  the meteo r o l og i c a l  var i ab l e  m o s t  

l i ke ly t o  c a u s e  y e a r  t o  yea r d i f f e r e n c e s  i n  N r e spon s e  

( Wa l k e r  a nd Lud ec k e  1 9 8 2 ) . P r o v i d ed tha t t h e  mod e l  i �  

c a pab l e  o f  p r ed i c t i ng N l each i ng l o s se s , the mod e l  wo u l d  b e  

o f  ag r o nom i c  v a l ue i n  a l e r t i ng adv i s o r s  or  g r owe r s  t o  

poss i b l e  ame l i o r a t i ve mea s u r e s  th a t  m a y  have t o  be t a k e n  t o  

obta i n  m a x imum e c o nom i c  y i e l d , whe n  r a i n f a l l c o nd i t i o n s  

a f ter s ow i ng a r e  a typ i c a l . 

5 . 2 MOD EL S T RUCTURE 

T h e  p r o ce s s e s  e x p l i c i t l y t a k e n  i n to account in the 

mod e l  are shown i n  F i g . S . l . The r e  a r e  t h r ee s e p a r a te b u t  

i n ter - r e l a t ed s ub-mod e l s . The so i l  wa t e r  s ub -mod e l  l ead s t o  

e s t im a t e s  o f  d r a i n a g e  a nd t r a n s p i r a t i o n , wh i ch a r e  n eed ed t o  

e s t ima t e  l each i ng a nd pl a n t  uptake  o f  N r e spec t i v e l y . A s  

p l a n t  u p t a ke i nc l udes b o th n a t i ve s o i l  N a nd f e r t i l i z e r  

der � v ed N ,  the l a t t e r  c a n no t b e  co n s i d e �ed i n  i s o l a t i o n . S o  

sepa r a te poo l s  a nd sub-mod e l s  f o r  f e r t i l i z e r  N a nd n a t i ve N 



t'dge ou 
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sub-mode l s .  
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a re u s ed . For  s i mp l i c i ty in  the mode l , the s o i l  i s  t r e a ted 

a s  a s i ng l e  un i fo r m  l ay e r  o f  d e pth Z ( m ) . S i nc e  f e r t i l i z e r  

add i t i on s  to c r opp i ng . s o i l s , N upta k e by c r ops a nd N 

leach i ng l o s s e s  a r e  u s ua l l y c a l c u l a ted f o r  un i t  a r ea o f  

so i l ,  the H qua n t i t i e s i n  t h i s  mod e l  a r e  e x p r e s s ed for  a 

u n i t  a r e a  ( k g N/ha )  , a s s um i ng r o o t i ng d e p th ( z )  a s  a func t i o n  

o f  t ime a nd s p a ce t o  b e  i nv a r i an t . An adv a n tage o f  th i s  

s impl i fy i ng a s s ump t i o n  i s  tha t the s i m u l a t i o n c a l c u l a t i o n s  

become ea s i e r t o  pe r f o rm o n  a p r og r ammab l e  c a l c u l a t o r . 

5 . 2 . 1  So i l  wa t e r  sub-mo d e l  

Ra i n f a l l ,  i r r i g a t i o n  i f  appl i c ab l e , mean a i r  

tempe r a tu r e ,  i nc om i ng s h o r t -wave r ad i a t i o n ( s unsh i ne hour s )  

and c r op he i g h t  a r e  the d a i l y i n pu t s  needed t o  run  the so i l  

wa t e r  s ub -mod e l . The mod e l  i s  e s sen t i a l ly t h a t d e s c r ibed by 

Sca t te r  et a l  ( 1 9 7 9 )  f o r  pa s t u r e ,  e x cept  t h a t t r an s p i r a t i o n  

and s o i l  evapo r a t i o n  a r e  c a l c u l a ted s e pa r a t e l y , a nd t h e  

t o t a l e v apo t r a n sp i r a t i o n  t a k e n  a s  the g r e a t e r  o f  the t w o  

v a l ue s . F o r  b a r e  o r  p a r t i a l l y- c ov e r ed s o i l , t h e  m a x i mum 

sur f a c e  l aye r so i l  wa t e r  s to r a g e  was t a k e n  a s  the t o t a l  

evapo r a t i o n  occ u r i ng f r om a n  i n i t i a l ly w e t  b a r e  s o i l , be f o r e  

the s u r f a c e  becomes d ry a n d  the evapo r a t i o n  r a te appr o ac h e s  

z e r o . Da i l y so i l  evapo r a t i o n  wa s t a k e n  a s  t h e  P r i e s t l ey a nd 

Tay l o r  ( 1 9 7 2 )  evapo t r a n s p i r a t i o n  e s t ima t e  ( E Tp ,  m )  i f  wa t e r  

wa s a v a i l ab l e  i n  the s u r f a c e  l ayer , a nd ze r o  i f  i t  wa s n o t . 

G i ven no wa ter s t r e s s , t r a n sp i r a t i o n  ( T , m )  wa s a s s um ed 

equa l to ETp o n c e  the c r o p  e f fec t i v e l y  c o ve r ed the so i l .  

F6 l l o w i ng Ke r r  a nd C l o th i e r  ( 1 9 7 5 ) , be tween eme r g e nce a nd 

f u l l - c over the d a i l y t r a n sp i r a t i o n  wa s t a k e n  a s  the r a t i o  o f  

c ro p  h e i g h t  to the c r o p  h e i g h t  when f u l l -c ov e r  wa s a t t a i ned , 

mul t i p l i ed by ETp . 
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5 . 2 . 2  N i t r o g en s ub-mod el 

The sub-mod e l s  u s ed fo r f e r t i l i ze r  d e r i v ed N a nd n a t i ve 

s o i l  N we r e  s t r u c t u r a l l y i d e n t i c a l , b u t  u s ed d i f fe r e n t  

c oe f f i c i en t s  f o r  s om e  o f  the p r o c e s s e s  i nv o l v ed . 

I r r ev e r s i b l e  f i r s t - o rd e r  k i n e t i � s  w e r e  a s s umed·  f o r  u r ea 

h yd r o l y s i s  t o  amm o n i um ( obv i o u s l y  z e r o  f o r n a t i ve N )  and the 

n i t r i f i c a t i o n  o f  ammo n i um to n i t r a te , as  f o u nd by Wag e n e t  e t  

a l  ( 1 9 7 7 ) . Fo r u r e a , 

( 5 .  1 )  

whe r e  N
u i s  the amo u n t  o f  urea  i n  un i t  s o i l  a r ea ( kg N/h a } 

o v e r  r oo t i ng d e p t h  ( Z } , and k a r a te c o n s t a n t  ( d -
1 ) .  U s i ng u . 

d a i ly t ime s teps the f i n i te -d i f f er ence f o rm o f  equa t i o n  

( 5 .  1 )  i s  n o t s u f f i c i e n t l y  acc u r a te , d ue t o  the r e l a t i v e l y  

f a s t  u r e a  hyd r o l y s i s  r a te . I n te g r a t i o n  a nd r e a r r a ng em e n t  o f  

equa t i o n  ( 5 . 1 )  g i v e s  

( 5 .  2 }  

H e r e  N
a i s  the amo u n t  o f  ammon i um N i n  the u n i t  s o i l  a r e a  

( kg N/h a }  over  r o o t i ng d e p th ( Z ) , the s ymb o l  � i nd i c a te s  the 

d a i l y g a i n  (or  l o s s )  o f  a c e r ta i n  N f o rm f r om o n e  d ay t o  the 

n e x t  d ue t o  a p a r t i c u l a r p r o c e s s , a nd the s ub sc r i p t  H 

i nd i c a t e s  h yd r o l ys i s  i s ,  i n  th i s  c a s e , t h e  p r o c e s s  i nv o l v ed . 

F o r  n i t r i f i c a t i o n  

d Na / d t  = -kn Na 

wh e r e  k n i s  a r a te c o n s t a n t  ( d - l ) .  

( 5 .  3 )  

N i t r i f i c a t i o n i s  a 

s l o w e r  p r o c e s s  t h a n  h yd r o l y s i s ,  s o  equa t i o n  ( 3 ) c a n  b e  

a pp r o x i m a ted by 

( 5 . 4 )  

w he r e  N i s  the amoun t o f  n i t r a te N a nd the subsc r i p t  I n 
i nd i c a te s  n i t r i f i c a t i o n  i s  the p r o c e s s  i nv o l ved . 
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F o r  f e r t i l i z e r  d e r i ved N ,  r ever s i b l e  f i r s t - o rd e r  

k i ne t i c s  we r e  a s s umed f o r  i mmob i l i s a t i o n - m i ne r a l i s a t i o n 

rea c t i o n s  be tween amm on i um a nd o rg a n i c  N f o rms , a s  d a ta f r om 

the m i c r o p l o t  , e xper imen t ( ch a p t e r  4 )  showed e a r l y n e t  

immob i l i s a t i on a n d  l a te r  n e t  m i ne r a l i s a t i o n . Thu s , i n  

f i n i te -d i f fe r e nce f o rm , 

( 6 N ) . = a 1 m  = ( 5 .  5 )  

whe r e  N0 i s  the amo un t ·  o f  o r g a n i c  N i n  so i l ,  k i and km a r e  

r a te c o n s t a n t s  f o r  i mmob i l i s a t i o n  a nd m i ne r a l i s a t i o n  

respe c t i ve l y ,  and the s u b s c r i p t  i m  deno t e s  imm o b i l i s a t i o n 

and m i n er a l i s a t i o n a r e  the p r o c e s s e s  · i nv o l v ed . A sh o r t  

i nac t i v e pe r i od immed i a t e l y  a f t e r  appl i c a t i o n  ( wh e n  k n = k · 1 

= k m = 0 )  a s s umed be f o r e  i mmob i l i s a t i o n  and 

n i t r i f i c a t i o n  c ommenced , t o  a l l ow the app r o p r i a te b a c t e r i a  

popu l a t i o n s  t o  b u i l d up ( Sabey e t  a l  1 9 5 9 ) . 

F o r n a t i ve s o i l  N ,  n e t  m i n e r a l i s a t i on was a s s umed t o  

fo l l ow f i r s t - o r d e r  r a t e  r e a c t i o n ( G r e e n l a nd 1 9 7 1 ) . I n  

f i n i te - d i f f e r ence f o rm , 

( 5 .  6 )  

whe r e  N
a and �0 a re the amo un t s  o f  ammon i um a nd o r g a n i c  N 

f o rm s  o f  n a t i v e so i l  N o r i g i n  r e spec t i ve l y  a n d  km ( d - 1 ) i s  a 

r a te c o n s t a n t . 

Immohi l i sa t i o n  o f  n i t r a te w a s  a s s umed neg l i g i b l e , a s  

so i l  m i c r o o rg a n i sm pre f e r  amm o n i um a s  a N s o u r c e  ( Al e x a nd e r  

1 9 7 7 ) . 

O n l y  u r ea and n i t r a t e  N w e r e  c o n s i d er ed p r o n e  t o  

l e a ch i ng { s ec t i o n  2A . 2 . 5 ) . O t h e r  l each i ng s t ud i e s  ( Sc o t t e r  

a n d  Ka n c h a n a s u t  1 9 8 1 ; Kancha n a s u t  a nd Sc o t t e r  1 9 8 2 )  o n  the 
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s ame m o l e - t i l e d r a i n  s o i l  a s  u s ed i n  the l y s ime ter  

exper i me n t  ( ch a p t e r  4 )  showe d  th a t  the c l a s s i c a l  m i sc i b l e  

d i s p l acemen t  theo r y  ( Ga rd n e r  1 9 6 5 ;  B i g g a r  a nd N i e l s e n  1 9 6 7 )  

wa s n o t  app l i c ab l e , d u e  t o  p r e fe r en t i a l  f l ow . A s imp l e  

l e a c h i ng r e l a t i o n s h i p  a s s umed i s , 

( 5 .  7 )  

whe r e  the s ub s c r i pt x i nd i c a t e s  the i o n  o r  m o l ec u l e  

i nv o l v ed , q i s  the d r a i na g e  f l u x  d e n s i ty ( m  d - 1 ) ,  e i s  the 

v o l um e t r i c  w a t e r  c o n t e n t  when d r a i n age has j u s t  c e a s ed , a nd 

kL i s  a d imen s i o n l e s s  c o n s t a n t . I f  the so i l  s o l u t i o n  

beh a v ed a s  a we l l -m i x ed s y s t em , k L wo u ld equ a l one . A s  o n l y  

d a i ly q v a l ue s  a r e  g i ven b y  t h e  wa t e r  sub-mod e l , a nd o n  

c e r t a i n  d ays a l o t  o f  d r a i na g e  a nd l each i ng c a n  o c c u r , t h e  

s im p l e  f i n i te - d i f f e r ence f o rm o f  equa t i on ( 5 . 7 ) i s  n o t  

s u i t ab l e  fo r t h e  mod e l . I n teg r a t i o n a n d  r ea r r a n g em e n t  g i v e s  

( !::,. N
x ) L = N x [ ex p  ( -k L q/ ez ) - 1 ]  

whe r e  s ub s c r i p t  L i nd i c a te s  l e ach i ng i s  

( 5 . 8 ) 

the p r o c e s s  

i n v o l ved . The d a i l y l ea c h i ng l o s s e s  o f  f e r t i l i z e r  and 

n a t i v e N ( !::,. N L , k g  N /ha ) i s fo und a s  

t:,. NL = ( I::,. N u ) L + ( I::,. Nn ) L ( 5 .  9 )  

Ammo n i um a nd n i t r a te were  a s s umed t o  be equa l ly a v a i l ab l e  

f o r  p l a n t  u p t a ke ( S e l im and I s k a n d e r  1 9 8 1 ) . N u p t a ke wa s 

c o n s i d e r ed p r o po r t i o n a l  t o  t r a n s p i r a t i o n  and to ( Na + N n ) .  

Thu s  

( 5 . 1 0 )  

whe r e  k p i s  a r a te c o n s t a n t  ( m- 1 ) a nd the s ub s c r i pt x 

i nd i c a te s  n i t r a te o r  ammo n i um i n vo l ved . The d a i l y p l a n t  

u p t a k e  o f  f e r t i l i z e r  o r  n a t i ve N ( /::,. Np , . kg N/ha )  

!::,.N p =  ( I::,. N a ) p + ( /::,. Nn ) p 

i s  f o und a s  

( 5 . 1 1 ) 
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Equa t i o ns ( 5 . 1 0 )  a nd ( 5 . 1 1 )  mod e l  p l a n t  N u p t a ke i n  a v e r y  

s imp l i s t i c  mann e r . Th i s  a ppr oach i s  j u s t i f i ed a s  t h e  a im o f  

the mod e l  i s  t o  u s e  t h e  r e s u l t s  o f  a p a r t i c u l a r  e x p e r i m e n t  

t o  p r ed i c t  wha t wo u l d  happen und e r  somewh a t  d i f f e r e n t  

c l ima t i c  cond i t i o n s  a t  a d i f f e r e n t  s i te o r  i n  a d i f f e r e n t  

yea r , n o t  t o  m od e l  N u p t a ke a pr i o r i .  

a f fec t s  uptake d i r ec t l y  t h r o ugh T ,  and 

the e f f e c t o f  l e a c h i ng o f  N n • 

I n  the mod e l, c l ima te 

i nd i r e ct l y  t h r o ug h  

The o r d e r  i n  wh i ch the v a r i o u s  p r oc e s s e s  we r e  a c c o u n t ed 

f o r  e a ch day w a s  f i r s t hyd r o l y s i s ,  then n i t r i f i c a t i on , 

immob i l i s a t i o n  -m i ner a l i s a t i o n , l e a c h i ng ; a nd l a s t l y  p l a n t  

upta k e . Vo l a t i l i s a t i on and d en i t r i f i c a t i o n  o f  f e r t i l i z e r  N 

we r e  o n l y  c r ud e l y  accoun ted f o r , b y  a s s um i ng a r e l a t i ve l y  

sma l l  f r ac t i o n  o f  the app l i ed fe r t i l i zer N was l o s t  f r om the 

sys tem a f t e r  app l i c a t i o n . 

5 . 3 MODEL PARAMET E R I SAT I ON 

The o n l y  p a r am e t e r  needed fo r the so i l  wa ter s ub-mod e l  

i s  the evapor a t i o n  occ 0 r r i ng f r om mo i s t b a r e  so i l  b e f o r e  t h e  

s u r f a c e  becom e s  d r y . F o r  the s i l t  l o am s o i l  used , a v a l ue 

o f  1 0  mm w a s  cho sen f o l l ow i ng K a n ema s u  e t  a l  ( 1 9 7 8 ) . The 

t ime whe n  the b a r l ey c r op a t t a i ned f u l l - c ov e r  wa s v i s u a l l y ,  

a nd s omewh a t  s u b j ec t i v e l y , a s s e s s ed a s  3 5  days a f t e r  s ow i ng 

and fe r t i l i z e r  appl i c a t i o n , the l a s t  day o f  the e xp e r i m e n t a l  

s t udy . The c r op was then a pp r o x ima t e l y  2 5 0  mm h i g h . 

A p r ob l em a r o s e  i n  app l y i ng the wa t e r  ba l an c e  s ub -mod e l  

to the l y s ime t e r  d a ta f r om c h a p t e r  4 .  The l y s ime t e r  we r e  

sma l l  ( 2 0 0  x 2 0 0  mm s qu a r e  s u r f a c e  a r ea ) w i th a g ap o f  2 0  mm 

between the me t a l · l y s ime ter  c a s i ng and l i ner . Th i s  mea n t  

that r ad i a t i o n  a nd s e n s i b l e  hea t e x chang e occ u r r ed o v e r  a 
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l a r g e r  a r e a  than  a c t u a l  l ys i m e t e r  so i l  s u r f a c e , enh a nc i ng 

evapo t r an s p i r a t i o n f r om th em , r e l a t i v e  to th a t  f r om the 

m i c r op l o t s  a nd the r e s t  o f  the c r o p  ( Ta n n e r  1 9 6 7 ) . To 

acco un t f o r  th i s , the e f f ec t i v e a r ea f o r  e v a po t r a n s p i r a t i o n  

o f  the l y s ime t e r s  w a s  t a k e n  a s . the s o i l  s u r f ac e  p l u s  h a l f  

the a r e a  o f  the g a p . be tween the c a s i ng a n d  the l i n e r . Th i s  

me a n t  E Tp e s t ima tes  f o r  the l y s imeter s ,  on  a per  u n i t  s o i l  

a r e a  b a s i s ,  we r e  e nha nced by 2 2 %  c ompa r ed w i t h  ETp v a l u e s  

fo r t h e  

mod e l l ed 

l y s ime t e r s  

m i c ro p l o t s . The r e  w a s  c l ose a g r e eme n t  be tween the 

d r a i na g e  f r om bo th the n o r m a l  a nd the we t 

o f  2 7  mm a nd 6 3  mm r e s pec t i v e l y  a nd the mea s u r ed 

v a l ue s  o f  3 0  + 6 mm a nd 6 8  + 6 n� . The p r ed i c t e d  so i l  w a t e r  

s t o r ag e  i n  t h e  n o rm a l  a nd we t l y s imet e r s  a g r e ed a l s o c l o s e l y  

w i th t h e  mea s u r ed v a l u e s  a s  shown i n  F i g . 5 . 2 . 

z wa s t a k e n  a s  2 0 0  mm ,  the l ys ime t e r  d e p th . W i th i n the 

f i r s t  5 w e e k s  p r obab l y  nea r l y  a l l  the N u p t a k e  wa s f r om the 

top 2 0 0  �m o f  s o i l  wh i ch wa s a pp r o x ima t e  d ep t h  o f  the 

t o p s o i l . A l s o  i n  l o e s s i a l  s o i l s  d r a i nag e f r om 2 0 0  mm depth 

t o  mo l e  d r a i n s at  a pp r o x ima t e l y  4 0 0  mm moves p r e f e r en t i a l l y 

th r ou g h  t h e  s o i l  ( S c a t te r  a nd K a nchan a s u t  1 9 8 1 ) , r e ac t i ng 

v e r y  l i t t l e  w i th s o i l  m a t r i x . The amou n t  o f  N l e a ched b e l o w  

2 0 0  mm d ep th i s  t h u s  p r ob ab l y  s im i l a r  to t h e  amou n t  r e a ch i ng 

the m o l e  d r a i n s . 

Da t a  f r om c h a p t e r 4 f o r  the m i c r op l o t s  a nd n o rm a l  

l y s ime t e r s  w e r e  u sed to i n i t i a l i s e and p a r ame t e r i se t h e  N 

s ub-mod e l s ,  wh i l e  d a t a  f r om the we t lys i me t e r s  we r e  u s ed to 

t e s t  t h em . A s  a pp r o x ima t e l y  1 0 %  of  the l O O  k g /ha of  urea N 

a pp l i ed t o  the l y s ime t e r s  wa s u n a c c o un ted f o r  a nd a s s umed to 

b e  l o s t  b y  v o l a t i l i s a t i o n and/or d e n i t r i f i c a t i o n , g a se o u s  
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l o s s e s  o f  u r e a  N i n  t h e  m i c r o p l o t s  on d ays 3 a nd 7 a f t e r  

a p p l i c a t i o n  ena b l ed k u t b 1 1 t d o 2 8 d - 1  o e e a  c u  a e a s  . • The 

m od e l l ed d ec l i ne in  N u , a nd the mea s u r ed v a l u e s , are s h o wn 

i n  F i g . 5 . 3 .  

F o r n i t r i f i c a t i o n ,  t h e  s ame v a l u e  f o r  k n w a s  u s ed f o r  

bo th f e r t i l i z e r  a nd n a t i ve N .  A v a l ue o f  0 . 0 3 d - 1 w a s  

ob t a i n ed by a s s um i ng t h e  r a t e o f  n i t r i f i c a t i o n  o f  n a t i ve N 

equ a l l ed the obse r ved r a te o f  n e t  m i n e r a l i s a t i o n  d u r i ng the 

e x p e r i m e n t  o f  1 . 2 k g N/h a /d , a nd tha t Na . f o r  na t i v e N 

r e l a t i ve l y  c o n s t a n t  a nd equ a l  t o  t h e  v a l ue o f  4 0  k gN/h a 

m e a s u r ed on d a y  0 .  The n e t  m i n e r a l i s a t i o n  r a t e , a nd the 

me a s u r ed N0 v a l ue f o r  n a t i ve N o f  6 Mg/ha in the m i c r o p l o t s , 

a l l ow e d  k f o r  n a t i ve N t o  b e  e v a l ua ted a s  2 x 1 0 - 4 d - 1 , 
m 

wh i l e k
i f o r  n a t i ve N w a s t a k e n  a s  z e r o . Fo r n i t r i f i c a t i o n , 

and f o r  i mmob i l i s a t i o n  o f  f e r t i l i z e r  N ,  a t w o  d a y  i n a c t i v e  

pe r i o d  w a s  a s s umed t o  occ u r  imm ed i a te l y  a f t e r  u r ea 
' 

a p p l i c a t i on .  

I no r g an i c  and o r g an i c  fe r t i l i z e r  N d a ta f r om the 

m i c r o p l o t s  ( F i g s . 5 . 3 a nd 5 . 4 )  were u s ed t o  ev a l u a te the 

r a te c o n s ta n t s  for the immob i l i s a t i o n  and m i n e r a l i s a t i o n o f  

f e r t i l i ze r  N .  Ab o u t  d a y  2 6 ,  d N0jd t = o ( F i g . 5 . 4 ) s o  then 

f r om e q u a t i o n  ( 5 . 5 ) 

( 5 . 1 1 )  

Values f o r  the separate amounts o f  ammonium and ni t ra t e  were no t avai lab l e , 

b e c au s e  t h e  s o i l  samples 'tle r e  a nalys e d  f o r  ino rgani c N wh i ch i n c l ud ed a mmoni um 

and ni t ra t e  N .  
e x pe r i m e n t 

Other d a ta f r om the a s s o c i a t ed l o n g - t e rm 

( d e s c r ibed i n  c h a p t e r  7 )  s h o wed n a t i v e  p l u s  

f e r t i l i z e r  N
a and Nn v a l ue s  t o  b e  o f  s i m i l a r  m a g n i t ude . 

Thu s  o n  d a y  2 6 ,  fe r t i l i ze r -d e r i ved Na and N n v a l ue s  we r e  
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a s s umed equ a l , a nd s o  a v a l u e  f o r  N
a ob t a i ned and k i /km 

e v a l u a t ed . A r e a s o n ab l e  v a l ue f o r  k i ( a nd s o  km ) w a s then 

ob t a i ned by r u nn i ng the f e r t i l i z e r  N s ub -mod e l  w i th v a r i o u s  

k
i v a l ue s , a n d  com pa r i ng p r ed i c ted and mea s u r ed ( Na + Nn ) 

a nd N 0  v a l ue s  ( F i g s . 5 . 3 and 5 . 4 ) . Th e 

we r e  0 . 0 8 4  d - 1  and 0 � 0 1 7 d - 1 f o r  k . a nd k 1 m 

v a l ue s  ob ta i n �d 

r e spe c t i v e l y .  k ·  1 

w a s  the o n l y  p a r ame t e r  i n  the f e r t i l i z e r  s u b -mod e l  e v a l u a t ed 

u s i ng opt im i s a t i o n , a l l  o th e r  pa r ame t e r s  we r e  o b t a i ned 

i nd e p e nden t l y . 

The coe f f i c i e n t  k L f o r  th e l e ach i n g  o f  f e r t i l i z e r  N w a s  

e v a l u a ted u s i ng the m i c r o p l o t  b r om i d e  l ea c h i ng d a ta 

p r e s e n ted i n  chap t e r  4 .  B r om i d e  a n d  n i t r a t e have b e e n  f o und 

to move s im i l a r ly t h r o ugh s o i l  ( Sm i th a nd Dav i s  1 9 7 4 ) . U r e a  

p r ob ab l y  a l s o m o v e s  i n  a s im i l a r  way to n i t r a te , 

pa r t i c u l a r l y whe n  p r e f e r en t i a l  f l ow o c c u r s  a nd a n i o n 

e x c l us i o n  a nd ad s o r p t i o n r ea c t i o n s  a r e  l e s s  i mpo r ta n t . 

Dr a i nage t h r o ugh the m i c r o p l o t s  wa s c a l c u l a ted u s i ng the 

wa t e r  b a l an c e  sub -mod e l . The n , t a k i ng e as 0 . 4 5 ,  and u s i ng 

m e a s u r ed v a l ue s  o f  Nx i n  equ a t i o n  ( 5 . 8 )  a k L v a l ue o f  1 . 4  

wa s fo und . Th i s  impl i e s tha t the l e acha t e  b r om i d e  

c o nc en t r a t i o n wa s h i gh e r  · th a n  tha t o f  the s o i l  s o l u t i o n . 

Th i s  a p pa r e n t  a n amoly i s  e x p l a i na b l e  i n  t e r m s  o f  t h e  

p r e f e r en t i a l  f l o w  pa t t e r n  o c c u r r i ng i n  t h e  s o i l  whe n  i t  i s  

n e a r  s a t u r a t i on ,  c a u s i ng the s u r f a c e -a pp l i ed b r om i d e  t o  

byp a s s  much o f  the so i l  ma t r i x  a s  i t  moves  th r o u g h  t h e  s o i l .  

F r om t h e  above d i sc u s s i o n  i t  w i l l  be appa r e n t  tha t a 

l owe r k L v a l ue wo u l d  be e x pe c ted t o  mod e l  the l ea ch i ng o f  

the mo r e  u n i formly d i s t r i b u t ed n a t i ve s o i l  N than t h e  

s u r f a c e - a pp l i ed f e r t i l i z e r  N .  A k L v a l ue o f  1 . 0  f o r  n a t i ve 
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N w a s  f o u nd b y  o p t im i s i ng the n a t i ve N s u b-mod e l , u s i ng the 

d a ta f r om the no rm a l  l y s i me t e r s .  Th i s  v1a s  · the o n l y  

p a r am e t e r  i n  t h e  n a t i v e  N s ub-mod e l  f o u nd th i s  way . 

T o  e v a l u a te the p l a n t  u p t a ke p a r am e t e r  k p ,  d a i l y 

mea s u r ed a n d  i n t e r po l a t ed v a l ue s  o f  T ( Na + N n ) f o r  b o t h  

fe r t i l i z e r  a nd n a t i v e  N i n  the m i c r op l o t s  w e r e  s u��ed o v e r  

the 3 5  d ay e x p e r imen t a l  pe r i od . Th i s  s um wa s d i v i d ed i n t o  

the t o t a l  N p l a n t  u p t a k e  o v e r  the per i o d  to g i v e  k p a s  0 . 0 2 1 

mm- 1 • Th i s  v a l ue wa s u s ed fo r f e r t i l i z e r  and n a t i v e  N .  

5 . 4  MODEL VA L I DAT I O N AND VE R I F I CAT I ON 

The d a t a f r o m  the m i c r o p l o t s  and n o rm a l  l ys i m e t e r s  we r e  

u s ed t o  d ev e l op and pa r ame t e r i se the mod e l . Thu s , the 

mea s u r ed and mod e l l ed r e s u l t s  f r om the m i c r o p l o t s  a nd n o rm a l  

l y s ime t e r s  h a v e  b e e n , t o  s ome e x t e n t , f o r ced i n to a g r e eme n t . 

Howev e r , t h i s  i s  n o t  s o  f o r  the we t l y s i m e t e r s ,  a nd a s  the 

m od e l  wa s d e v e l o ped t o  p r ed i c t  the e f fe c t  o f  pe r t u rb a t i o n s  

s u ch a s  i nc r e a s ed r a i n fa l l  a n d  d r a i n ag e , the r e s u l t s  f o r  

them p r ov i d e  a s u i t a b l e  te s t  f o r  the mod e l . 

I t  c a n  be s e e n  i n  Tab l e  5 . 1 a nd F i g  5 . 5 ,  tha t the m od e l  

s u c c e s s fu l l y  p r ed i c t ed the a p p �o x imate d o u b l i ng o f  the 

l e a ch a t e  f e r t i l i ze r  N f r om the we t c ompa r ed t o  the n o rm a l  

l y s ime t e r s . The r ed u c ed p l a n t  u p t a k e  o f  fe r t i l i z e r  N 

r e s u l t i ng f r om the i nc r e a s ed l e a ch i ng f r om the we t 

l y s i me t e r s  i s  a l s o q u i te s ucc e s s f u l l y mod e l l ed .  F o r  n a t i v e 

s o i l  N ( T ab l e  5 . 1 ) a nd b r om i d e  ( F i g . 5 . 5 ) the i nc r ea s ed 

l e a ch i ng f r om t he wet l y s i me t e r s  i s  a l s o  mod e l l ed qu i te 

we l l .  Howe v e r  m e a s u r ed and mod e l l ed v a l u e s  f o r na t i v e 

i n o r g a n i c  N a nd p l a n t  u p t a k e  o f  n a t i ve N i n  the we t 

l y s i m e te r s  a r e  i n  poo r ag r eeme n t  • . Whe the r i t  i s  m a i n l y  the 
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Tab l e  5 . 1 Mea s u r ed a nd p r ed i c t e d  a mo u n t s o f  N ( k g/ha ) i n  th e 

s o i l ,  p l a n t s  a n d  d r a i n ag e ,  3 5  d ays a f t e r  s ow i ng 

a nd a pp l i c a t i o n o f  1 0 0  k g  N/ha a s  u r e a . M e a n s  a n d  

s t a nd a r d  d e v i a t i o n s  a r e  g i v e n  f o r  l ys ime t e r  d a t a . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

'l'r e a tmen t 

a nd N f o rm 

M i c r o p l o t s  

P l a n t  N u p t a k e  

So i l  o r g a n i c  N 

So i l  i no r g a n i c  N 

N o rma l l ys i me te r s  
- - - - - - - - - - - - - - - - -

N l ea ched 

P l a n t  N uptake  

S o i l  o r g a n i c  N 

So i l  i no r g an i c  N 

We t l y s i me t e r s  
- - - - - - - - - - - - - -

N l e ached 

P l a n t  N uptake 

S o i l  o rg a n i c  N 

S o i l  i no r g a n i c  N 

Fe r t i l i ze r  N 

M e a s u r ed Mod e l l e d 

2 3  2 0  

4 7  4 9  

9 1 3  

6 + 1 7 
-

2 5  + 2 2 3  

4 5  + 1 4 9  
-

9 + 1 1 1  
-

1 4  + 1 1 1  
-

1 8  + 2 1 9  
-

4 9  + 3 4 6  
-

4 + 1 9 
-

Na t i v e N 

M e a s u r ed Mod e l l ed 

4 7  5 1  

5 8 7 9  5 4 6 2  

5 1  3 6  

1 0  + 1 1 1  
-

4 2  + 7 5 8  
-

5 6 2 4  + 1 4 3  5 4 6 2  
-

5 9  + 5 3 0  
-

1 7  + 5 2 0  
-

1 8  + 3 5 2  
-

5 6 7 9 + 5 8 8  5 4 6 2  

4 0  + 7 2 8  
-
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shown for the measured values. 
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mod e l  o r  the me a s u r ement t h a t i s  i n  e r r o r  i n  t h i s c a se i s  
\ 

n o t  c l ea r . 

A s  a n  e x amp l e  o f  how the mod e l  m a y  b e  u s ed , the 

pred i c t ed e f f e c t  on l e a ch i ng o f  a v e r y  wet d ay i s  shovm i n  

F i g . 5 . 6 . 
·
An a l ys i s  of  r a i n f a l l  d a t a f o r  Pa lrner s t o n  No r th 

shows t h a t  o v e r  3 0  mm r a i n  o n  a s i ng l e  d a y  c a n be e x pe c ted 

appr o x i m a t e l y  4 t imes p e r  y e a r . So 3 0  mm w a s  t a k e n  a s  

rep r e s e n t i ng the dr a i n a g e  o n  a v e r y  we t d a y , a s s um i ng t h e  

so i l  w a s  near  f i e l d  c a pa c i ty whe n  the r a i n  s t a r t e d . The 

pred i c ted amo u n t  of f e r t i l i z e r  N l e ac h ed i s  shown t o  d epend 

very s t r o ng l y  on whe n  the day occ u r s ,  r e l a t i v e to t h e  

fer t i l i z er a ppl i c a t i o n . A v e r y  wet d a y  i�ned i a t e l y  a f t e r  

u r e a  a pp l i c a t i o n c a u s e s  a n  e s t ima ted l o s s  o f  3 4 %  o f  the 

a pp l i ed u r e a , wher e a s  t h e  s ame amo u n t  o f  r a i n f a l l  7 d a y s  

a f t e r  u r ea app l i c a t i o n ( a s s um i ng n o  p r ev i o u s  d r a i n ag e )  

r e s u l t s  i n  a l o s s  o f  o n l y  8 % .  F i g . 5 . 6  a l so shows the 

p r ed i c t ed g r a d u a l cha ng e  w i th t i me in the form of N l eached 

f r om u r ea t o  n i t r a te . 

Apa r t  f r om the u t i l i t y o f  the mod e l  i n  e x tend i n g  the 

a p p l i c a b i l i ty of fe r t i l i z e r  t r i a l  r e s u l t s , i ts ab i l i ty to 

p r ed i c t  cha n g e s  in so i l  N s ta t u s  dur i n g  the f i r s t  few wee k s  

a f t e r  s ow i ng i s  o f  c o n s i d e r a b l e  a g r o n om i c  v a l ue . 

Re s e a r che r s  h a v e  s t r e s s ed the impo r t a n c e  o f  a d equ a te N 

n u t r i t i on i n  the e a r l y  g r o w th s t a g e s  o f  the c e r e a l s 

( S ta r r i e r  1 9 6 5 ;  S t ephe n  1 9 8 2 ) . The mod e l  h a s  the p o t en t i a l  

to a l e r t b o th adv i s o r s  a nd g r owe r s  t o  the need f o r  

ame l i o r a t i v e mea s u r e s  ( e . g . e i the r m o r e  o r  l es s  N 

fer t i l i z e r  a t  e a r l y  t o  m i d - t i l l e r i n g )  t o  o b t a i n  m a x imum 

e c o n om i c  y i e l d s ,  whe n a typ i c a l  r a i n f a l l  c o nd i t i o n s  o c c u r  

d u r i ng t h e  e a r ly s t a g e s  o f  g r owth . 



. ....... 
� 

\ 
\. 

Page 96 

\. 
:_;j ' I � 1 0 r 

' , 

l 
� ! ' ! : , , . . . . . . I I ' • • • • • • 

L
l '- , · ·

· · · · ·
· · · ·

I 
I 

. . . ...... .......... . . -. . · · 

- -
. . . ·

· · 
- - - - - - -

• • • I I _ 

0 
0 5 1 0  1 5  

Day in which drainage occurs 

Fi g .  5 . 6 S imul ated amou nts  of ferti l i zer N l eached by 30 mm of 

dra i nage , as a function of time after u rea appl i cat ion 

when dra i nage occurs . ( ---- ) urea N ,  ( . . . . .  ) ni trate N ,  

and ( ----- ) u rea + n i trate N .  



Pag e  9 7  

Fo r p r a c t i c a l  m o d e l s , s i m p l i c i t y c a n  be m o r e  impo r t a n t  

t h a n  g en e r a l i t y . E v e n  c om p l e x  mod e l s a r e  n o t  

appl i c a b l e  t o  q u i t e  d i f f e r e n t  e n v i r o nm e n t s , 

u s ua l l y 

a s  i s  

i l l u s t r a ted by c o n s i d e r i n g th e mod e l  o f  T i l l o t s o n  a nd 

Wag e n e t  ( 1 9 8 2 )  p e r t a i n i ng to t h e  a p p l i c a t i o n  o f  u r e a t o  a 

c e r e a l  c r o p . I t  m od e l s i n  d e t a i l  t l l e  movemen t o f  he a t , 

wa t e r  and s o l u t e s  i n  s o i l ,  a s  we l l  a s  c o n s i d e r i n g mo r e  

s impl i s t i ca l l y N t r a n s f o rm a t i o n s  a nd p l a n t  up t a k e . B u t  the 

mod e l  i g n o r e s i mm ob i l i s a t i o n a nd m i n e r a l i s a t i o n . 'l'h i s  i s  

a ppa r e n t ly r e a s o n a b l ·= f o r  t h e  U t a h  ma i z e c r op c o n s i d e r ed , 

but c l e a r l y  wo u l d be q u i t e u n r e a l i s t i c  f o r the so i l  a t  the 

T i r i t ea Re s e a r ch. A r ea whe r e  n e a r l y h a l f of  the app l i ed N w a s  

immob i l i s ed i n  two wee k s . Ra the r  th a n  e x i s t i ng i n  

i s o l a t i o n , the m ode l p r e s e n t ed i n  t h i s  c h a p t e r  p r ov i d e s  a 

f r amewo r k  f o r  i n te r pr e t i ng a nd e x t r a po l a t i ng a s e t  o f  

e x pe r imen t a l  d a t a . 

5 . 5 CONC L U S I O NS 

Th e mod e l  d e s c r i bed i s  r e l a t i v e l y  spec i f i c , c o n s i d e r i ng 

o n l y  the m a j o r  v a r i ab l e s  i n  a par t ic u l a r  s o i l - p l a n t  s y s t em . 

I n  o th e r  s i t ua t i o n s  a s omewh a t · d i f f e r e n t  m od e l , a n d  

c e r t a i n ly d i f fe r e n t  v a l ue s  f o r  t h e  mod e l  p a r ame te r s  wo u l d  b e  

needed . I n  chap t e r 6 ,  the  m o d e l  i s  e x ter.ded t o  l o n g e r  

per i od s , a nd d i f fe r e n t  mo i s t u re a nd tempe r a t u r e  c o nd i t i o n s  

a r e  t a k e n  i n to a c c o un t .  

The ma i n  p u r p o s e  o f  the m od e l  i s  t o  p r ed i c t  l ea ch i ng 

a nd p l a n t  uptake o f  f e r t i l i z e r  N f o r  d i f f e r e n t  r a i n fa l l  

c o nd i t i o n s  i n  the 5 weeks f o l l ow i ng a pp l i c a t i o n . The 

a g r eemen t  between the m e a s u r ed a nd mod e l l ed l e ach i ng a nd 
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p l a n t  u p t a k e  f r om t h e  we t l ys i m e t e r s  s ug g e s t  t h e  m od e l  

f u l f i l l s  th i s  p u r po s e . The mod e l  i nd i c a t e s  tha t the amo u n t  

o f f e r t i l i z e r  N l e a ched i s  s t r on g l y  depe nd e n t  o n  the t i m i ng 

o f  r a i n fa l l  i n  r e l a t i o n t o  the t ime o f  fe r t i l i z e r  

a ppl i c a t i o n .  
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C H A P T E R  6 

MOD ELL I NG N I T RO G E N  TRA N S F O RMAT I O NS I N  A C RO P P I N G  S EA S O N  

6 .  l I N' rRODUCT I ON 

I n  the pr e c ed i ng c h a p t e r , a s impl e N mod e l  wa s 

fo rmu l a ted f o r  s i m u l a t i ng N t r a n s f o rmat i o ns i n  t h e  f i r s t  

f i v e  wee k s  fo l l ow i n g u r e a  appl i c a t i o n t o  a b a r l ey c r op . The 

use f u l n e s s  o f  the m o d e l  wo u l d  be ex tended i f  N 

t r a n s f o rm a t i o n s  we r e  s im u l a t ed o v e r  a f u l l g r owth s e a s o n . 

Such a mod e l  wo u l d  b e  he l p f u l  i n  p r ed i c t i ng the 

consequen t i a l e f f e c t s o f  e a r l y  l a r g e  v a r i a � i o n s  in  wea th e r  

( pa r t i c u l a r ly r a i n f a l l )  on the t o t a l  p l a n t  N u p t a k e  a t  

h a r v e s t , I n  th i s  chap t e r  two o b j ec t i v e s  e x i s t ,  v i z . , 

( i )  t o  d eve l op a s imp l e  c r op- s e a s on mod e l  by e x te nd i ng 

the sho r t  term mod e l  f o rmu l a t ed i n  cha pter  5 ;  a nd 

( i i )  t o  v e r i fy the c r o p - s e a s o n  m od e l  w i th d a t a  o b t a i ned 

f r om a l a r ge s c a l e  f i e ld t r i a l . 

6 . 2 MODEL PARAMET E R I SAT I ON 

The mod e l  p r e s e n ted i n  chap t e r  5 con s i d e r ed m od e l  

coe f f i c i e n t s  a s  c o n s t a n t s . The s e  mode l c o e f f i c i e n t s  d i d n o t  

take i n t o  acc o u n t  any e f fe c t s  c a u sed by ( i )  e nv i r o nme n t a l 

c o nd i t i o ns such a s  c h a ng i ng s o i l  tempe r a t u r e  a nd m o i s t u r e , 

and ( i i )  p l a n t  g r owth and dev e l opm e n t  s t a g e  o f  the c r op . I n  

the p r e se n t  m od e l  e x ten s i o n , the emp i r i c a l a p p r o a c h  o f  

Fr i s s e l  and v a n  Veen ( 1 9 8 1 )  i s  a d a p t ed t o  a c c o u n t  f o r  

e nv i r o nme n t a l  e f f ec ts a s  d e s c r i bed l a t e r  i n  · s ec t i o n ( 6 . 2 . 3 ) . 

To acc o un t  f o r  the e f f ec t s  c a u s e d  by p l a n t  g r owth a nd 

d ev e l o pme nt s t a g e , the t o t a l  d u r a t i o n o f  p l a n t  g r owth f r om 

s o w i ng t o  h a r v e s t ,  i s  d i v i d ed i n to phe n o l og i c a l  p e r i od s  and 

d i f f e r e n t  v a l u e s  f o r  the p l a n t  u p t a k e  � oe f f i c i e n t  a r e  u sed 

i n  e a c h  pe r i od .  .MASSEY UN IVt:Rsrrr 
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6 . 2 . 1  Pl a n t  upt a k e  c oe f f i c i e n t  

The d a ta o b t a i ri ed f r om e x p e r ime n t  I I I  d e s c r i bed i n  

Cha p t e r 3 ,  w e r e  u s ed t o  d i v i d e  the c r o p  s e a s o n  i n to p e r i od s  

a nd t o  p a r ame t e r i s e t h e  p l a n t  u p t a k e  c o e f f i c i e n t  f o r  

each p e r i od .  The c r o p  s e a s o n  w a s  d i v i d ed i n t o  p e r i od s  b a sed 

o n  the N c o n c e n t r a t i o n  cha n g e s  w i th t im e  in h e r b ag e . Th e 

d a t a  f o r  the N c o n c e n t r a t i o n  i n  h e r b ag e a s  shown i n  F i g . 3 . 1 ,  

i nd i c a te t h a t  t h e  i n i t i a l  ch a n g e s  i n  N c o nce n t r a t i o n we r e  

r a p i d ,  f o l l o wed b y  g r ad u a l c h a ng e s  a nd f i n a l l y t h e  N 

c o n c en t r a t i o n s  r e ached a fa i r l y c o n s t a n t  v a l �e .  The c r o p  

sea son w a s  t h u s  d i v i d ed i n t o  three pe r i od s : p e r i od ( 1 )  

r e p r e s e n t i ng the d u r a t i o n f r om s e ed sow i ng t o  the g r owth 

s t age when the N c o ncen t r a t i o n cha n g e s  in h e r b a g e  we r e  

r a p i d , p e r i od ( 2 )  wh e n  t h e s e  changes  we r e  g r ad u a l , a nd 

p e r i od ( 3 )  

The d a y s  i n  

whe n  the N c o nce n t r a t i ons w e r e  f a i r l y c on s t an t .  

v.1h i c h  pe r i od s ( 2 )  and ( 3 )  beg a n  we r e  

appr o x i m a t ed t o  c o i nc i d e  w i th c r op phe no l og i c a l  e v e n t s .  

The d a t a  i n  F i g . 3 . 1  i nd i r ec t l y  show t h a t  ne a r l y 7 7 %  o f  

the to t a l  ( f i n a l )  p l a n t  N u p t a k e  occu r r ed i n  the f i r s t f i v e  

we e k s  f o l l ow i ng seed sow i ng a nd f e r t i l i ze r  appl i c a t i on , a nd 

a l s o t h i s  i s  t he pe r i od when the N conce n t r a t i o n c h a n g e s  i n  

h e r b a g e  w e r e  mo s t  r ap i d . By the e n d  o f  week ( 5 ) , t h e  c r o p  

i n  the m a i n  p l o t  ( wh e r e  t h e  s o i l  c y l i nd e r s we r e  l oc a t e d ) h a d  

j u s t  a t t a i n ed " f u l l -c o ve r "  o v e r  the so i l .  The p l a n t s  i n  the 

s o i l  c y l i nd e r s  a nd · a l so i n  the ma i n  p l o t , we r e  v i s u a l l y 

o b s e r ved t o  b e  a t  " s tem e l o ng a t i o n  s t ag e " . Th i s  f i ve week 

d u r a t i on w a s  c o n s i d e r ed a s  p e r i od ( 1 ) . 
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F r om the d a t a i n  F i g . 3 . 1 , i t  w a s  a s s e s s ed , t o  s ome 

e x t e n t  s ub j ec t i v e l y , t h a t  the c r op a t t a i ned a f a i r l y 

co n s t a n t  N conce n t r a t i o n i n  h e r b a g e , a t  abo u t  d ay 4 4 ,  when 

the c r o p  wa s ph e n o l o g i c a l l y at the e n d  o f  " t i l l e r i ng s t ag e " . 

The d u r a t i o n  b e tw e e n  s t em e l o ng a t i o n a nd e nd o f  t i l l e r i ng 

wa s c o n s i d e r ed a s  pe r i o d  ( 2 ) . 

The s o i l  c y l i nd e r  e x per i m e n t  wa s t e rm i n a t ed a t  1 2  w e e k s  

and the c r op a t  th i s  t im e  wa s a t  t h e  " g r a i n  r i pen i ng s tag e " . 

I t  w a s  a s s umed i n  the m o d e l  th a t  the b a r l ey c r op w o u l d  s t o p  

t a k i ng u p  N once i t  r e a ched the g r a i n  r i pe n i ng s ta g e , s i nc e  

t h e  p l a n t  N uptake d a ta f r om the a s s o c i a ted l o ng - t e rm 

e x pe r imen t showed f o r  a b a r l ey c r o p , i n  a p r ev i o u s  ye a r , t h a t 

the c r o p  uptake o f  N w a s  neg l i g i b l e  a f t e r  t he g r a i n  r i pe n i ng 

s t ag e .  The d u r a t i o n between end o f  t i l l e r i ng a nd g r a i n  

r i pe n i ng s ta g e s  was  c o n s i d e r ed a s  pe r i od ( 3 ) . 

F o r  the s h o r t - t e rm mod e l  p r e s e n ted i n  chapt e r  5 ,  t h e  

r o o t i ng d epth ( Z )  wa s t a k e n  a s  2 0 0  m m  ( ly s imeter  depth ) , a nd 

t h i s  r o o t i ng d ep th as  a func t i o n  of  t im e  a nd space w a s 

a s s umed to be i nv a r i a n t . I n  the s o i l  c y l i nd e r  e x p e r i m en t ,  

v i s u a l  i n spec t i o n  o f  s o i l  c y l i nd e r s c o l l ec ted a f te r  t h e  

f i r s t  5 w e e k s  showed p r e sence o f  m o s t o f  t h e  r o o t s  i n  the 

top s o i l  of  3 0 0  mm d ep th , a l tho ugh the r o o t  g r owth in  t h e  

s o i l  c y l i nd e r s  c o l l ec ted d u r i ng t h e  f i r s t  5 we e k s  wa s m o s t l y  

i n  the t o p  2 0 0  mm s o i l  depth . F o r  pu r po s e  o f  kee p i ng t h e  

c r o p  s e a s o n  mod e l  s impl e ,  a s i n g l e  v a lue o f  3 0 0  m m  wa s 

c h o sen f o r  Z a nd a s s um ed to be i nv a r i a n t  w i th t im e  a n d  

d e p th . 

The p l a n t  u p t a k e  c o e f f i c i e n t  

i nd i v i d u a l  per i od s  i n  the s ame 

( k p )  wa s 

m a n n.e r  a s  

e v a l ua ted 

d e s c r ibed 

f o r  

i n  
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ch a p t e r  5 .  Da i l y v a l u e s  o f  T ( Na + N n ) f o r  bo th fe r t i l i z e r 

a nd n a t i v e N i n  t h e  s o i l  c y l i nd e r s  we r e  s ummed o v e r  e a c h  

pe r i od a nd th i s  s um w a s d i v i d ed i n to t o t a l  N t a k e n  u p  b y  

p l a n t s  d u r i ng t h a t p e r i od . The k p v a l u e s  we r e  e v a l u a t ed a s  

0 . 0 2 8 , 0 . 0 1 5 and 0 . 0 0 3 9  rnm- 1 f o r  pe r i o d s  ( 1 ) ,  ( 2 )  and ( 3 )  

r e s p ec t i v e l y .  

The k p  v a l ue o f  0 . 0 2 1  mm- 1  e v a l u a t ed i n  chap t e r  5 f r om 

t h e  d a ta f o r  th e m i c r o p l o t  e x p e r ime n t , i s  a bo u t  2 5 % l o wer 

tha n t h e  v a l ue ( 0 . 0 2 8  rnm - 1 ) ev a l ua t ed f o r  the c o r r e s p o n d i n g 

p e r i od i n  th i s  s o i l  c y l i nd e r  e x p e r imen t .  Th i s  d i f fe r e n c e  

m a y  b e  a t t r i bu t ed , i n  p a r t ,  t o  t h e  e f f e c t  o f  c l i ma t i c  

c o nd i t i o n s  o f  d i f f e r en t  y e a r s  o n  the r a te o f  p l a n t  g r owth 

( n o t  a c c o u n t ed for in  t h e  t r a n sp i r a t i o n v a l u e )  a nd t o  the 

i n i t i a l  s e ed l i ng d am a g e  th a t  o c c u r r ed i n  the m i c r op l o t  

e x p e r i m e n t  ( sec t i o n  4 . 2 ) . 

T h e  e f f ec t  o f  u s i n g  a h i gh e r  v a l ue f o r  k p i n  pe r i od 

( 1 ) , o n  mod e l  p r ed i c t i o n s  o f  N l ea ch i ng and u p t a k e  by p l a n t s  

o v e r t h i s  p e r i od , w a s  e x am i ned b y  subs t i t u t i ng t h e  k p v a l ue 

o f  0 . 0 2 8  mm- 1  i n  p l ac e  o f  0 . 0 2 1  mm- 1  i n  the sho r t - te r m  m od e l  

s im u l a t i on o f  chap t e r  5 ( l y s ime t e r  e x per imen t ) . The r e s u l t s  

a r e  s h o wn i n  Tab l e  6 . 1 . The m od e l  ( 1 )  p r ed i c t i o n s  i n  the 

t a b l e  a r e  f r om the s im u l a t i o n  run ( w i th k p = 0 . 0 2 1  mm- 1 ) a s  

r e p o r t e d  i n  cha p t e r  5 .  The m od e l  ( 2 ) p r e d i c t i on s  we r e  m a d e  

u s i ng t h e  h i gh e r  v a l ue o f  0 . 0 2 8  mm- 1  f o r  k p .  W i th mod e l  

( 2 ) , t h e  p r ed i c ted v a l ue s  o f  p l a nt uptake o f  f e r t i l i ze r  a nd 

n a t i v e  s o i l  N ,  o v e r  the 5 w e e k  p e r i od ,  w e r e  1 9 %  a nd 1 6 %  

r e s p ec t i ve �y ,  h i gh e r  t h a n  the c o r r e s po nd i ng v a l u e s  p r ed i c ted 

w i t h  m od e l  ( 1 ) . The p r e d i c ted v a l u e s  of  p l a n t  uptake o f  

f e r t i l i z e r  N by b o t h  m od e l s a r e  i n  . g o o d  a g r e emen t  w i th 
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Ta b l e 6 . 1  Mea s u r ed and p r e d i c t ed d a t a  ( i n k g N /h a )  f o r  t h e  

l y s i m e t e r  e x pe r im e n t . Me a n s  and s t a n d a r d d e v i a t i o ns a r e  g i v e n  

f o r  t h e  m ea s u r ed d a t a . P r ed i c t ed d a t a  f o r  mod e l s  ( l )  a nd ( 2 )  

we r e obt a i n ed u s i ng k p v a l ue s  o f 0 . 0 2 1 mm- 1 a nd 0 . 0 2 8  mm- 1 
r e s p ec t i ve ly .  

'l'r ea  tme n  t 

and N f o rm 

Norma l l y s im e t e r s  

-- - - - - - - - - - - - - - - -
P l a n t  N u p t a k e  

L e a ch i ng 

S o i l  i n o r g a n i c  

So i l  o r g an i c  

We t 1 y s i m e t e r s  
- - - - - - - - - - - - � -

P l a n t  N u p t a k e  

L e a c h i ng 

So i l  i n o r g a n i c  

S o i l  o r g an i c  

F e r t i l i z e r  N 

Me a s u r ed Mod e l l ed 

( l )  ( 2 )  

2 5  + 2 2 3  2 7  
-

6 + 1 7 7 
-

9 + 1 1 1  8 
-

4 5  + 1 4 9  4 8  
-

1 8  + 2 1 9  2 3  
-

1 4  + 1 1 6  1 6  
-

4 + 1 9 7 
-

4 9  + 3 4 6  4 5  
-

N a t i v e s o i l  N 

�le a s u r ed Mod e l l e d  

( 1 )  ( 2 )  

4 2  + 7 5 8  6 8  
-

1 0  + 1 1 1  1 1. 
-

5 9  + 5 3 0  2 1  
-

5 6 2 4  + 1 4 3  5 4 6 2  5 4 6 2  
-

1 8  + 3 5 2  6 1  
-

1 7  + 5 2 0  2 0  
-

4 0  + 7 2 8  1 9  
-

5 6 7 9  + 5 8 8  5 4 6 2  5 4 6 2  
-
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( 2 )  p r ed i c t i o n f o r  

p l a n t  u p t a k e  o f  n a t i ve s o i l  N r em a i n s  [ a s  w i th m o d e l  ( 1 ) ] i n  

p o o r  a g r eemen t w i th t h e  me a s u r ed v a l u e s , e s pec i a l l y wh e n  we t 

l y s im e t e r s  a r e  c o n s i d e r ed . Th e u s e  o f  a h i g h e r  v a l u e  f o r  k p  

ha s n o t  a l t e r ed the p r ed i c t i o n  o f  l e ach i ng l o s se s  and t h e y  

r ema i n  i n  g o od a g r eem e n t w i th the mea s u r ed va l ue s . B a s ed o n  

t h e  a b o v e  a s s e s sm e n t s , t h e  u s e  o f  h i g h e r  k p  va l ue ( a s  

eva l u a t ed f r om t h e  s o i l  cyl i nd e r  e x pe r imen t )  i n  p e r i od ( 1 )  

o f  the c r op se a s o n  mod e l , i s  c o n s i d e r ed j u s t i f i ab l e . An 

a d v a n t a g e  o f  u s i ng th i s  h i ghe r kp v a l ue i s  tha t  the k p  

v a l ue s  f o r  pe r i od s  ( 2 )  a nd ( 3 )  we r e  a l s o e v a l ua ted i n  t h e  

s ame g r o w i ng sea s o n . 

6 . 2 . 2  M i ne r a l i s a t i o n o f  o r g a n i c  N :  

I t  h a s  l o n g  b e e n  s ug g e s ted t h a t  t h e  m i ne r a l i s a t i o n r a te 

i s  l i ke l y  t o  b e  a s s oc i a ted w i th a n  ac t i v e  po o l  o f  o r g a n i c  N 

( C r o w t h e r  a n d  M i r c h a nd a n i  1 9 3 1 ) . Keeney a n d  B r em n e r  ( 1 9 6 7 )  

p r o p o s e d  a s o i l  i ncub a t i o n  t e s t  t o  d e t e rm i n e the 

m i ne r a l i s ab l e  s o i l  o r g an i c  N f r ac t � o n . U s i ng th i s  t e s t  f o r  

t h e  s o i l  a t  t h e  e x pe r i me n t a l  s i te ,  A . N . Ma cg r eg o r  ( pe r s o n a l  

c ommu n i c a t i on )  f o u n d  a m i ne r a l i s a b l e  s o i l  o r g a n i c  N p o o l  o f  

a bo u t  2 5 0  k g N/h a i n  t h e  t o p  3 0 0  mm s o i l  l ay e r . As s um i ng t h e  

ob s e r v ed r a te o f  1 . 2 k g N/ha/d o f  n e t  m i ne r a l i sa t i o n  d u r i ng 

t h e  m i c r op l o t  e x p e r ime n t  ( ch a p t e r  4 ) , o r i g i na ted f r om a 

m i n e r a l i s a b le o r g a n i c  po o l  o f  2 5 0  kg N/ha � a v a l ue f o r  � 

( co e f f i c i en t  f o r  e f fec t i ve n e t  m i ne r a l i sa t i o n  o f  n a t i ve s o i l  

N )  wa s e v a l ua ted a s  0 . 0 0 4 8  d - 1 ; 

E x pe r i me n t a l  ev i d en c e  i n  . the l i te r a t u r e  [ s e c t i o n 

2A . 2 . 4 ( i ) ] o n  the m i n e r a l i s a t i o n  o f  i mmob i l i s ed fe r t i l i z e r  N 

· s ug g e s ted t h a t  a ma j o r po r t i o n ( > 5 0 % )  o f  the immob i l i s ed 
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fer t i l i z er N wo u l d  e n d  u p  i n  a s t a b l e o r g a n i c  po o l  i n  t h e  

s o i l  a nd wo u l d  n o t b e  a v a i l a b l e  f o r  p l a n t  u p t a k e  d u r i n g t h e  

g r owth s e a s o n . 

tha t o n l y  a 

I t  w a s  a s s umed f o r  t h i s  s i mp l e  s e a s o n  mod e l  

sma l l  f r a c t i o n ( 2 5 % )  o f  the immob i l i s e d  

fer t i l i z e r  N wa s m i n e r a l i s e d  d u r i n g the c r o p p i ng s e a s o n , a n d  

i s  i nc o r p o r a t ed i n t o  t h e  mod e l  a s  e x p l a i n ed i n  s e c t i o n 

( 6 . 2 . 5 ) . 

6 . 2 . 3 Env i r o n� e n t a l e f f e c t s  o n  the m od e l  c oe f f i c i e n t s 

E x p e r i me n t a l  d a ta o n  t h e  s i mu l t a n e o u s  e f f e c t o f  

e n v i r o n me n t a l  f a c t o r s  o n  N t r a n s f o rm a t i o n s  a r e  l a c k i n g 

( s ec t i on 2B . 2 . 2 ) a nd m od e l l i n g the i r  m u t u a l  a c t i o n i s  

t h e r e f o r e  emp i r i c a l . A s im p l e  a pp r o a c h  ih a t  wa s p r o p o s e d  by 

F r i s s e l  a nd v a n  Ve e n  ( 1 9 8 1 ) , w a s a d o p t ed h e r e .  Tempe r a t u r e  

( S T )  and mo i s t u r e  con ten t ( S S )  o f  the s o i l  w e r e  t a k e n  i n t o  

a c c o u n t  u s i ng r e d u c t i o n  f a c t o r s .  Th e s e  f a c t o r s ,  w i th v a l u e s  

between 0 a nd 1 ,  w e r e  f o und b y  i n t e r po l a t i on f r om g r a ph s  

shown i n  F i g . 6 . 1 . I f  t h e  r ed uc t i o n f a c t o r s f o r  so i l  

t empe r a t u r e  a nd mo i s t u r e  c o n t e n t  we r e  r ep r e s e n ted by STE and 

S S E  r e spec t i ve l y , the n e t  e f fec t B w a s  o b t a i ned by 

mu l t i pl y i ng the two f a c t o r s . 

D a i l y v a l u e s  o f  s o i l  tempe r a t u r e  i n  the t o p  3 0 0  mm s o i l  

l ayer w e r e  ob t a i ned f r om the me te o r o l og i c a l  m e a s u r em e n t s  

made a t  G r a s s l a nd s D i v i s i o n ,  DS I R ,  a b o u t  2 km a w a y  f r om the 

t r i al s i te .  The d a i ly mea s u r ed v a l ue s  o f  so i l  tempe r a t u r e  

and the d a i l y v a l ue s  o f  s o i l  wa t e r  s t o r a g e  �omp u t ed w i t h  the 

s o i l  w a t e r  s ub-mod e l , were a v e r ag ed over a c a l e nd e r  m on th . 

The s e  m o n t h l y  v a l ue s  o f  ST and SS we r e  u s ed to f i nd v a l ue s  

f o r  S T E  a nd S S E  f r om F i g . 6 . 1 ,  a n d  thus a v a l ue f o r B wa s 

e va l ua ted f o r  the c a l end e r  m o n th . A v a l ue o f  0 . 5 7 6  f o r  B 
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wa s obta i ned f o r  t h e  f i ve wee k e x per i m e n t a l  p e r i od d e s c r i bed 

i n chap t e r  4 .  F o r  a mod e l  c o e f f i c i en t kx e v a l u a t ed f o r  th i s  

per i od , a v a l ue ( k x ) m was f o und wh e n  n = 1 ,  a n d  the s e  v a l u e s  

a r e  shown i n  Tab l e  6 . 2 . A v a l ue · f o r  k x  f o r  a d i f f e r e n t  t i m e  

per i od wa s c a l c u l a t ed b y  m u l t i p l y i ng ( k  ) w i th the B v a l ue x m 

c a l c u l a t ed f o r  th a t  t i me pe r i od .  The e f fe c t  o f  S T  a nd S S  o n  

the p l an t  u p t a k e  c o e f f i c i en t  wa s a c c o u n ted f o r  i n  the 

t r a n sp i r a t i on v a l ue a nd the e f f e c t  o f  S T  a nd SS on u r e a  

hyd r o l y s i s  wa s a s s um ed to b e  n eg l i g i b l e  a s  f o u n d  by Sh i n g o  

M i t s u i  ( 1 9 6 8 ) . 

6 . 2 . 4  N i t r og e n  l e ach i ng 

I n  t h e  c r op s e a s o n  mod e l ,  N l e ach i n g wa s s i m u l a t e d  

u s i ng the s imp l e  l e ach i ng r e l a t i o n s h i p  a s  s t a t ed in  e q u a t i o n 

( 5 . 7 ) . The k L v a l u e s  o f  1 . 4 a n d  1 . 0 f o r  the l ea c h i ng o f  

f e r t i l i z e r  der i v ed N a nd n a t i ve s o i l  N r e s pec t i ve l y , w e r e  

u s ed a s  i n  t h e  sho r t - t erm mod e l  ( ch a p t e r  5 ) . Th e v a l u e  o f  

2 0 0  mm ( ly s ime t e r  d e p t h )  f o r  z i n  equa t i o n  ( 5 . 7 ) a l s o 

r em a i ned t h e  s am e  f o r  l e ach i ng o f  f e r t i l i ze r  N ,  a s s um i ng 

t h a t  any f e r t i l i z e r  N l ea ched be l ow 2 0 0  mm depth wo u l d  r e ach 

the m o l e  d r a i n s  and the u n l e a ched f e r t i l i ze r  N w o u l d  t e nd to 

r ema i n  i n  the t o p  2 0 0  mm s o i l  d e p th , due t o  p r e f e r en t i a l  

f l ow i n  t h i s  s o i l . Th i s  a s s umpt i o n  i s  j u s t i f i ed s i nc e  the 

r e s u l t s  o f  the s o i l  c y l i nd e r  e x p e r ime n t  ( Ta b l e  3 . 6 } shov1ed 

tha t the i no r g a n i c  f e r t i l i z e r  N c o n t e n t  i n  the 1 5 0 - 3 0 0  mm 

s o i l  d e p t h  w a s  m i n ima l d e s p i te e s t ima ted l e ach i ng o f  abo u t  7 

k gN/ha . A l s o  o the r l e a c h i ng s t ud i e s  a t  the s am e  ( T i r i t ea 

Re s e a r ch Ar e a }  e x per i me n t a l s i te ( Sc a t te r  a nd Kanc h a n a s u t  

1 9 8 1 ; Kancha n a s u t  a n d  S c o t t e i 1 9 8 2 )  h a v e  shown the m o v eme n t  

o f  s u r f ac e  app l i ed a n i o n s  ( b r om i d e , c h l o r i d e  a nd pho s ph o r u s )  



Tab l e 6 . 2  Va l ues of model  coeffi ci ents used i n  model s i mu l ati ons of N transformat i ons duri ng barl ey croppi ng 
s easons of 1978- 79 and 1979-80 . M ineral i s ati on of ferti l i zer N or nati ve soi l N denotes m i nera l i sati on 
proces s  up  to format ion of ammon i um .  N i tri fi cation refers to convert i on of ammon i um to n i trate . 

Dec Optimum �r_l� grown duri ng 1978-79 ._13a_rl ey grown duri ng 1979-80 
1980 val ues 

Oct Nov Dec J an Nov Dec Jan Feb 
1978 1978 1978 1979 1979 1979 1 980 1 980 

Mean month l y  soi l 
temperature ST , C 17 . 0  25-35 1 2 . 7 1 5 . 2  18 . 0 19 . 2  16 . 0  1 7 . 9 18 . 8  1 9 . 5 

Mean monthl y  so i l 
water s torage SS , rrm - 1 3  -25  t o  0 -8  - 19 -94  - 1 10 - 8  - 12  -42 - 107 

Reducti on factor 8 0 . 576 1 . 0  0 . 348 0 . 481 0 . 050 0 . 000 0 . 523 0 . 624 0 . 519  0 . 000 

Immob i l i sati on of - 1  fert i 1  i zer N k . '  d 0 . 084 0 . 1458 0 . 051 0 . 070 0 . 007 0 . 000 0 . 076 0 . 09 1  0 . 076 0 . 000 1 
Mi nera l i sati on of 

k d- 1 ferti l i zer  N 0 . 01 7  0 . 0295 0 . 010 0 . 014 0 . 001 0 . 000 0 . 01 5  0 . 018  0 . 01 5  0 . 000 m ' 
Net mi neral i sati on 

k d -
1 of nati ve so i l N 0 . 0048 0 . 0083 0 . 0029 0 . 0040 0 . 0004 0 . 0000 0 . 0044 0 . 0052 0 . 0043 0 . 0000 

-'-'fT1 '  
N i tri fi cat i on k d- 1 0 . 0300 0 . 0521 0 . 0180 0 . 0250 0 . 0026 0 . 0000 0 . 0270 0 . 0330 0. 0270 0 . 0000 n '  

""0 
Ill 

(.Q 
Cl) 
...... 
0 
CX> 
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t o  b e  h i g h l y  p r e f e r � n t i a l  a nd , a s  a c o n s e q u e n c e , t h e  

u n l e a c hed s b l u t e  t e n d ed t o  r em a i n  i n  the  s u r f a c e  5 0  mm o f  

to p  s o i l . 

F o r  the m o r e  u n i f o r m l y  d i s t r i b u t ed n a t i v e s o i l  N ,  z w a s  

t a k e n  t o  b e  3 0 0  mm , a s s um i n g t h a t t h e  i n o r g a n i c  N c o n te n t i n  

t h e  3 0 0 - 4 0 0  mm s o i l  d e p t h  v; a s  a s m a l l  q u a n t i t y th a t  r em a i n ed 

f a i r l y c o n s t a n t  d u r i ng the c r o p s e a s o n . Th i s  a s s ump t i o n i s  

j u s t i f i ed , s i nc e  the s o i l  a n a l y s i s  f o r  the i no r g a n i c  N 

c o n t e n t  i n  t h e  3 0 0 - .:1 0 0  mm s o i l  c y l i nd e r  s ec t i on s  ( E x p e r i m e n t  

I I I , Ch a p t e r 3 )  s h o w e d  th a t  t h e  i n o r g a n i c  N c o n te n t  o v e r  

th i s d e p th r ema i n ed a b o u t 8 - 1 0  k g N/h a w i t h l i t t l e  c h a n g e  

o v e r  t h e  1 2  >-l e e k  e x pe r ir.nen t a l  p e r i od . 

6 . 2 . 5 D a t a  i np u t s  a nd s i m u l a t i o n p r o c e d u r e : 

The s o i l  w a t e r  s ub-mod e l  d e s c r i b ed i n  cha p t e r  5 w a s  

u s ed t o  e s t i ma t e  d r a i n ag e  a nd t r a n s p i r a t i o n . Du r i ng p e r i od 

( 1 ) , s e pa r a t e  po o l s and  s u b -mod e l s  f o r  fe r t i l i z e r  d e r i v ed N 

and n a t ive  s o i l  N were  u s ed . A t  the e nd o f  p e r i od ( 1 ) , 

the s e  two po o l s  we r e  c omb i n ed and o n l y  the s ub -mod e l  f o r  

n a t i ve s o i l  N wa s u s ed f o r  p e r i od s  ( 2 )  a nd ( 3 ) . P l a n t  

uptake o f  N a nd t r a n sp i r a t i o n  we r e  c o n s i d e r ed neg l i g i b l e  

o n c e  g r a i n  r i p e n i ng c onunenced . 

An i n i t i a l  m i ne r a l i s ab l e  o r g an i c N p o o l  wa s a s s umed to 

b e  2 5 0  kg N/ha . At the e nd o f  p e r i od ( 1 )  1 whe n the 

f e r t i l i ze r  a n d  s o i l  N p o o l s  we r e  me r g ed , 2 5 %  o f  the 

i mm ob i l i s ed f e r t i l i z e r  N amo u n t  was  a d d ed t o  th i s  

m i ne r a l i s ab l e  o rg a n i c N po o l . 
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6 . 3 MODEL VA L I DA T I ON 

I n  o r d e r to  c h e c k  t h e  a t t u n em e n t o f  the m o d e l  

a s s ump t i o n s  a nd t h e  v a l u e s  f o r  t h e  m od e l  p a r am e t e r s , the 

ma j o r N t r a n s f o rm a t i o n s  o c c u r r i ng i n  t h e  s o i l  c y l i nd e r  

e xper i m en t ( E x p e r ime n t  I I I ,  Ch a p t e r 3 )  w e r e  s im u l a t ed w i t h  

the mod e l . The s o i l  N s ub -m od e l  wa s i n i t i a l i s ed w i t h t h e  

v a l ue s  o f  s o i l  i n o r g a n i c amm o n i um a nd n i t r a t e  m e a s u r ed a t  

the s t a r t  o f  the f i e l d  e x p e r i m e n t  ( t = O ) , w h e n  s o i l  c y l i n d e r s  

w e r e  e s t ab l i shed . Th e s i m u l a t e d  v a l u e s f o r  t h e  amo u n t s  o f  

i n o r g a n i c N i n  s o i l  f r om 

n a t i ve s o i l  N ( to t a l  N )  

f e r t i l i z e r 

s o u r c e s 

and 

a r e  

f e r t i l i z e r  p l u s  

shcwn a l o n g  w i th 

mea s u r ed v a l u e s  i n  F i g . 6 . 2 .  The me a s u r ed a nd p r e d i c t ed 

v a l ue s  f o r  t o t a l  s o i l  i n o r g a n i c  N a s  wel l a s  f o r  f e r t i l i z e r 

N a r e  i n  g o o d  a g r eemen t . 

Th e s i m u l a t ed v a l ue s  f o r  N t a k e n  up b y  p l an t s  f r om 

f e r t i l i z e r  a nd s o i l  N s o u r ce s  a r e  shown i n  F i g . 6 . 3 , a l ong 

w i th t h e  m ea s u r ed v a l ue s . The pred i c ted v a l ue s  f o r  

f er t i l i ze r  N t a ke n  up b y  p l a n t s , a r e  i n  g o od ag r e eme n t  w i th 

t h e  mea s u r ed va l ue s . The p r ed i c ted va l ue s  f o r  t o t a l  N taken 

u p  by p l a n t s  a g r e e  r e a s on ab l y  we l l  wi th t h e  m e a s u r ed v a l ue s  

d ur i n g  t h e  f i r s t  9 w e e k s  o f  c r op g r owth , b u t  d u r i ng the 

f i n a l  3 wee k s , the m e a s u r ed a nd pr e d i c t ed v a l u e s  a r e  i n  poor 

a g r eemen t .  The m e a s u r ed p l a n t  N u p take appe a r  to d e c l i ne 

d u r i ng t h i s  pe r i od , a nd s uc h  a d e c l i ne ,  i f  r e a l ,  c o u l d  be 

d u e  to  ammo n i a v o l a t i l i s a t i o n  f r om s e n e sc i ng l ea f  s u r f a c e s , 

a s  d i sc u s s ed i n  s ec t i o n  ( 3 . 3 . 4b ) . The mod e l  i s  no t 

s t r uc t u r ed t o  a c c o u n t  f o r  N l o s s e s  f r om 

bec a u s e  o f  the u n c e r t a i n ty o f  the l o s s  

qua n t i t i es i nv o l ved and l ac k  o f  e x p e r ime n t a l 

l o s se s .  

p l a n t  c a no py , 

mecha n i sm and 

d a t a  o n  such 
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6 . 4  M O D E L  VER I F I CAT I ON 

I n  o rd e r  to ver i f y t h e  c r o SJ  s e .:>. s o n  m od e l , the N 

t r a n s f o rma t i o ns o c c u r r i ng i n  a l a r g e  s c a l e  f i e l d  t r i a l  � i th 

bar l ey , we r e  s i m u l . a t ed w i t h  t h e  c � o p  s e a s o n  m o d e l . Th e 

m o d e l  s i mu l a t i o n s  w e r e  c o m p a r e d w i th m e a s u r ed d a t a f r om the 

f i e 1 d t r i a 1 s , w h i c h \'le r e  o b  t a i n e  6 i n d e pc n c1 c: n t 1 y o f t he d a t a 

used t o  d eve l o p  a n d p a r am e t e r i s e t h 2  m o d e l . 

s ame 

The e x p e r i m e n t a l  f i e l d fo r 

s i te ( T i r i t e a  Re s e a r c h  

t h e  t r i a l  \�'a s l oc a t ed a t  the 

the sma l l  s c a l e  

e x p e r i m e n t s  u s i ng l y s i m e t e r s , m i c r o p l o t s  and s o i l  cy l i nd e r s , 

we r e  c o nduc ted . The f i e l d  t r i a l  i n v o l v ed a d o ub l e  c r o pp i n g 

r o t a t i o n  us i ng b a r l e y a n d  o a t s . R e s u l t s  · f r om t h e  1 9 7 8 - 7 9 

and 1 9 7 9 - 8 0  b a r l e y  c r o p s  a r e  u s e d f o r  the p u r p o s e  o f  mod e l  

ver i f i c a t i o n . Du r i ng e a c h  c r o pp i n g s e a s o n  o n e  f i e l d p l o t  o f  

3 0  x 1 0 0 m s i ze was  f e r t i l i zed w i th l O O  kg N/ha and a 

' c o n t r o l ' p l o t  o f  the s a me s i ze h a d  no N f e r t i l i z e r  

appl i c a t i o n . Th e g r o w i n g  s e a s o n s  w e r e  d i f f e r e n t f o r  the two 

ba r l ey c r ops a s  the ba r l ey c r o p  of 1 9 7 8 - 7 9  wa s s own ea r l y i n  

the s e a so n  ( 2  Oc tobe r )  a n d  the b a r l e y  c r o p  o f  1 9 7 9 - 8 0  wa s 

s own a lmo s t  two month s l a te r  ( 2 2 November ) .  Fu l l e r  d e t a i l s  

o f  t h e  l a r g e  sc a l e f i e l d  t r i a l a r e  g i ven i n  c h a p t e r  7 .  

Dur i ng each s e a so n , b a r l e y  wa s sown o n  b o t� the c o n t r o l  

a nd f e r t i l i zed p l o t s  o n  the s ame d a y . I n  the m od e l , i t  w a s  

a s s um ed tha t c r o p  c a n o py c l o s ur e ,  e n d  o f  t i l l e r i ng and 

beg i nn i ng o f  g r a i n r i pe n i ng o cc u r r ed on  b o th p l o t s  o n  t h e  

s ame d a y . Th i s  a s s um p t i o n  wa s nec e s s a r y  d ue t o  a l a c k  o f  

d e t a i l ed pheno l og i c a l  o b s e r v a t i o n s  f o r  c r ops  o n  each p l o t .  

The c a l c u l a t i o n s  f o r  the s o i l  wa t e r  s ub -mod e l  we r e  

e s se n t i a l l y the s ame f o r  bo th p l o t s . The N t r a n s f o rma t i o n s  

o c c u r r i ng i n  the c o n t r o l  p l o t  we r e  s i m u l a t e d  w i th the s o i l  N 



s ub-mod e l . 
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F o r  the f e r t i l i zed p l o t ,  the N t r a n s fo rma t i on s  

r e s u l t i ng f r om f e r t i l i z e r  appl i c a t i o n  we r e  s im u l a t ed w i th 

t h e  f e r t i l i ze r  N s u b -mod e l  a nd a dd ed t o  the s o i l  N s ub -mod e l  

s imu l a t i o n .  

6 . 4 . 1  D r a i n ag e a nd N l each i ng 

F o r  t he b a r l ey c r op s e a s o n  o f  1 9 7 8 - 7 9 ,  the m od e l  

p r ed i c ted 1 1 1  mm o f  d r a i n a g e  d ur i ng two even t s  th a t  occ u r r ed 

d u r i ng wee k s  ( 3 )  a n d  ( 5 )  f o l l ow i ng u r e a  appl i c a t i o n . Th i s  

p r ed i c ted v a l u e  c ompa r ed we l l  w i th the mea s u r ed d r a i n a g e  o f  

1 1 3  mm f o r  the f e r t i l i z ed p l o t ; b u t  w a s  a n  . ov e r e s t im a t i o n 

f o r  the c o n t r o l  p l o t  a s  o n l y  7 9  mm o f  d r a i n ag e wa s mea s u r ed 

i n  t h i s p l o t .  V i s u a l  i n spec t i o n  o f  the 
'
c o n t r o l  p l o t  o v e r  

t h i s  p e r i od ,  s h o wed wa t e r  pond i ng o v e r  l oca l i sed a r e a s  

d u r i ng wet p e r i od s , s u g g e s t i ng tha t s ome mo l e  c h a n n e l s  

f a i l ed t o  c o nd uc t  wa t e r  i n to the d r a i n ,  a nd hence s u r f a c e  

r un o f f  l o s se s  m a y  h a v e  b e e n  h i g h e r  tha n  i n  the fe r t i l i z ed 

p l o t . Wa t e r  pond i ng m i gh t  have r e s u l ted f r om a 

d e t e r i o r a t i o n  i n  s o i l  s t r u c t u r e  d ue t o  l ow e r  b i oma s s  r e t u r n s  

i n  th i s  u n f e r t i l i z e d  p l o t  o v e r  the ye a r s  s i nc e  pl o u g hed f r om 

p a s t u r e . The mod e l  p r ed i c t i o n  o f  5 3  mm d r a i na g e  d u r i ng t h e  

b a r l ey s e a s o n  o f  1 9 7 9 - 8 0  c o u l d  no t b e  u s ed f o r  m od e l  

v e r i f i c a t i o n  a s  d r a i n a g e  was n o t  mea s u r ed f o r  t h i s  s e a so n . 

D u r i ng the b a r l ey s e a s o n  o f  1 9 7 8 - 7 9 ,  a t o t a l . o f  3 4  a n d  

1 8  k g N/ha w e r e  m e a s u r ed i n  the t i l e d r a i n  e f f l ue n t  o f  the 

f e r t i l i ze d  a nd c o n t r o l  p l o t s  r e spec t i v e � y . Th e mod e l  

p r ed i c ted the s e  N l ea ch i ng l o s s e s  a c c u r a t e l y  a s  t h e  

p r ed i c ted v a l ue s  we r e  3 0  a nd 1 7  kg N/ha fo r t h e  r e s pec t i v e 

'p l o t s . I n  1 9 7 9 - 8 0 ,  the p r ed i c ted v a l ues o f  2 0  a n d  9 kg/ha 

f o r  N l ea c h i ng l o s s e s  f r om the fe r t i l i zed and c o n t r o l  pl o t s  
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r e spec t i v e l y , a l th o u g h  l e s s  t h a n  i n  1 9 7 8 - 7 9 ,  d i s p l a yed a 

s i m i l a r  p r o po r t i o n a l  d i f f e r e n c e  b e tween the f e r t i l i z ed and 

c o n t r o l  p l o t s . The g o od a g r eeme n t  between pred i c t ed a nd 

m ea s u r ed v a l u e s  f o r  N l each i ng l o s s e s  i nd i c a te t h a t  the 

m od e l  i s  c apab l e  o f  p r ed i c t i ng N l e ach i ng l o s s e s  und e r  f i e ld 

c o nd i t i o n s  w i th r e a s o nab l e  a cc u r a c y . 

6 . 4 . 2  N i t r og e n  u p t a k e  by p l a n t s a nd s o i l  i no rg a n i c  N 

The s im u l a ted and mea s u r ed v a l u es o f  N t a k e n  u p  by 

b a r ley c r op o f  1 9 7 9 - 8 0 a r e s h o wn i n  F i g .  6 . 4 .  The mod e l  

p r ed i c t s  r e a s o nab l y  we l l  t h e  m e a s u r ed p l an t  N . upt a k e  i n  the 

f er t i l i z ed p l o t  up t o  abo u t  w e e k  1 1  ( F i g . 6 . 4 a ) . To s om e  

e x ten t , th i s  wa s e x pe c t ed a s  the s o i l  �y l i nd e r  e x pe r iment  

( s e c t i o n  3 . 2 . l . I I I )  f r om wh i ch the  p l a n t  u p t ake c o e f f i c i e n t  

( k p ) wa s e v a l u a ted , wa s a l s o c o nd uc ted ( fo r  a pe r i o d  o f  1 2  

wee k s ) d u r i ng 1 9 7 9 - 8 0  u nder  the s ame c r opp i ng c o nd i t i o n s  a nd 

f e r t i l i ze r  add i t i o n ,  b u t  i n  a sma l l  sc a l e  e x per imen t . 

I n  the c o n t r o l  p l o t , the m o d e l  over e s t ima t e s  p l an t  N 

u p t a k e  ( F i g . 6 . 4 b ) . Th i s  c o u l d  have r e s u l ted p a r t l y  d u e  t o  

a n  i nv a l i d  a s s ump t i o n  made i n  t h e  mod e l  s im u l a t i o n . I n  the 

mod e l  s im u l a t i o n , d e v e l o pm e n t  s t ag e s  f o r  the c r o p  o n  the 

c o n t r o l  p l o t  w e r e  a s s umed to b e  the s ame as f o r  the c r o p  o n  

t h e  f e r t i l i z ed p l o t . Such a n  a s s ump t i o n  w a s  nec e s s a r y  d ue 

t o  a l ac k  o f  d e t a i l ed phe n o l og i c a l  d a t a  ( d e v e l o pmen t  s t a g e s  

s uch a s  s t em e l o ng a t i o n , end o f  t i l l e r i ng a nd g r a i n  

r i pen i ng )  f o r  the c r o p  o n  the c o n t r o l  pl o t .  Th i s  a s s umpt i o n  

i s  n o t v a l id , i f  the c r o p  o n  the c o n tr o l  p l o t  h a d  a s l ower 

g r o w th r a t e . Over  the g r ow i ng s e a s o n , the d ry m a t te r  y i e l d s  

r e c o rd ed a t  r eg u l a r  i n t e r v a l s  f o r  the N f e r t i l i z ed a n d  

c o n t r o l  p l o t s , i nd i c a ted tha t the ove r a l l  g r owth r a t e  w a s  
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s l owe r o n  the c o n t r o l  p l o t  comp a r ed w i th the f e r t i l i z ed 

p l o t . At  h a r v e s t , the d r y m a t t e r  y i e l d s  we r e  7 6 0 0  a nd 4 5 0 0  

kg/h a  r e spec t i v e ly f o r  the f e r t i l i z ed and c o n t r o l  p l o t s . 

Th i s  s l owe r c r o p  g r o w t h  r a t e wo u ld c a u s e  a reduc t i o n i n  

t r a n s p i r a t i o n a nd c o n se q ue n t l y  p l a n t  N uptake wo uld be l e s s . 

Th i s  e f fe c t  o f  s l ower c r o p  g r owth r a t e due t o  N d e f i c ie n c y , 

o n  t r a n s p i r a t i o n wa s i g n o r ed i n  the m od e l  s imul a t i o n by 

a s s um i ng the c r o p  d ev e l o pme n t  s t a g e s  to be the same f o r  the 

fe r t i l i z ed and c o n t r o l p l o t s . 

Add i t i o n a l l y , t h e  mod e l  a s s um ed tha t the amo u n t  o f  

n a t i v e s o i l  N m i n e r a l i s ed i n  the c o n t r o l  p l o t , w a s  the s ame 

as i n  the N f e r t i l i z ed p l o t , and thus a n y  ' pr im i ng ' e f f e c t  

due t o  f e r t i l i z e r  N add i t i o n  o n  n a t i ve s o i l  N m i ne r a l i s a t i o n 

wa s i g no r ed . I f  ' pr im i ng ' d i d o c c u r  i n  the fe r t i l i z ed p l o t , 

then the amo u n t  o f  n a t i v e  s o i l  N m i ne r a l i s ed i n  the c o n t r o l  

p l o t , c o u l d  b e  l e s s  t h a n  the amoun t o f  na t i ve s o i l  N 

m i n e r a l i s ed i n  the fer t i l i zed p l o t .  I n  the m od e l  

f o r m u l a t i o n , th i s  ' pr im i ng ' e f f ec t wa s n o t  i nc l ud ed b ec a u s e  

the r e a l i ty o f  t h i s  p r o ce s s  i s  u n c er ta i n  [ s e c t i o n  

2A . 2 . 4 ( i i ) ] and t h u s  the e f f e c t  c o u l d  no t b e  p � ed i c t ed . 

The s im u l a t e d  and m ea s ur ed v a l ue s  o f  N t a k e n  up by 

ba r l e y  c r o p  o f  1 9 7 8 - 7 9  a r e  shown i n  F i g . 6 . 5 ,  f o r  ( a )  

f e r t i l i z ed p l o t  a nd ( b )  c on t r o l  p l o t .  F o r  both p l o t s , the 

mod e l  p r ed i c t i o n s  for  p l a n t  N uptake  a r e  i n  v e r y  g ood 

ag r eement  w i th the mea s u r ed amo u n t s  a t  w e e k s  ( 4 )  a nd ( 7 ) . 

A t  wee k s  ( 1 1 )  and ( 1 5 ) , t h e  mod e l  u nd e r e s t im a t e s  p l a n t  

N u p t a ke f o r  b o th the f e r t i l i z ed a nd c o n t r o l  p l o t s . The 

p l a n t  uptake pa r ame t e r  ( k p ) ,  u s ed f o r  s imu l a t i ng the s e  N 

u p t a k e  c u r v e s  f o r  the b a r l ey c r o p  o f  1 9 7 8 - 7 9 ,  wa s c a l i b r a ted 
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du r i n g 1 9 7 9 - 8 0  s e a s o n  i n  wh i c h  t h e  b a r l ey c r o p  wa s s o wn 2 

mo nths l a t e r  ( th a n  the  b a r l e y c r o p  o f  1 9 7 8 - 7 9 ) . The o v e r a l l  

g r ow th r a te for  the 1 9 7 0 - 7 9  b a r l ey c r o p , w a s m u c h  s l ow e r  

comp a r ed w i th t h e  b a r l e y  c r op o f  1 9 7 9 - 8 0  s e a s o n , a c-· 
,J 

i l l u s t r a t e d  by t h e d r y  m a t t e r  y i e l d s ( a t  h a r v e s t )  i n  the N 

fe r t i l i z e d  p l o t  d u r i ng 1 9 7 8 - 7 9  ( 7 , 6 0 0  k g /h a ) a n d  1 9 7 9 - 8 0  

{ 1 1 , 0 0 0  k g /ha ) . Th e v a l u e f o r  k p  c a n  c h a n g e  d e p e n d i n g o n  

g r owth r a t e ,  a s  s h o wn i n  s e c t i o n ( 6 . 2 . 1 )  b y  c omp a r i n g t h e  k p  

va l u e s  d e t e rm i ned f o r  t h e  s o i l  c y l i nd e r  e x p e r i m e n t  { 1 9 7 9 - 8 0 )  

and the m i c r o p l o t  e x pe r i m e n t ( 1 9 8 0 - 8 1 ) . U s i n g t h e  v a l u e  o f  

k p  d e t e r m i ned i n  1 9 7 9 - 8 0  s e a s o n  f o r  s i m u l a t i n g c r o p uptake  

i n  1 9 7 8 - 7 9 s e a s o n , c o u l d  have p a r t l y  c o n � r i b u t ed to  t h e  p o o r  

ag r eemen t i n  t h e  mod e l l ed a nd m e a s u r ed v a l u e s  o n  we e k s  ( l l )  

a nd (15) . 

Add i t i o n a l l y ,  the h i g h e r  amo un t s  o f  p l an t  N u p t a k e  

mea s u r ed a t  week s  ( 1 1 )  a nd (15) , c o u l d  h a v e  r e s u l t,ed , i n  

pa r t , d u e  t o  m o r e  r a p i d  r a te o f  n a t i v e s o i l  N m i n e r a l i s a t i o n 

than p r ed i c ted b y  the m o d e l . A ' d e s i cc a t i o n ' e f f e c t  ( no t  

i nc l ud ed i n  the mod e l ) c a u s ed b y  d ry i n� a nd r e we t t i ng o f  

so i l  [ sec t i on 2A . 2 .  4 ( i i ) ] , o n  the n a t i ve s o i l  N 

m i n e r a l i s a t i o n , c o u l d  h a v e  p r o d uced a f l u s h  o f  m i ne r a l  N .  

The s im u l a ted d a ta f o r  so i l  wa ter s t o r ag e  i n  F i g . 6 . 6 ,  

i nd i c a t e  t h a t the s o i l  w a s ve r y  d r y  ( - 9 0  mm ) d u r i ng week ( 9 )  

and s u b s eq u e n t  r a i n f a l l r ewet ted the s o i l  a nd the s o i l  wa t e r  

s to r ag e r a i s ed t o  - 2 7  mm . 'I'h i s  may h a v e  c a u s ed a 

' de s i cc a t i o n ' e f fec t o n  the n a t i ve s o i l  N m i n e r a l i s a t i o n  

wh i c h w a s n o t  p r e d i c ted b y  the mod e l . The mod e l  pa r amete r s  

d o  n o t t a k e  t h i s  e f fec t i n to a c c o u n t  d ue t o  l a ck o f  d e t a i l ed 

d a t a  f o r  the c h a n g e s  i n  C : N  r a t i o s  i n  the s o i l  o rg a n i c  

ma t te r d u r i ng the g r owth s e a s o n � 
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The s i m u l a t ed v a l u e s  f o r  i n o r g a n i c  amm o n i um a nd n i t r a t e  

i n  t h e  s o i l s  o f  N fe r t i l i zed a n d  c o n t r o l  p l o t s  a r e  shown i n  

F i g . 6 . 7  f o r  the c r o p  s e a s o n  o f  1 9 7 8 - 7 9  a nd i n  F i g . 6 . 8  f o r  

t h e  c r o p  s ea s o n  o f  1 9 7 9 - 8 0 , a l o ng w i t h  t h e  c o r r e s po nd i ng 

mea s u r ed v a l ue s . The r e  i s  c o n s i d e r a b l e  t em p o r a l  v a r i a t i o n 

i n  t h e  mea s u r ed d a t a . I n  b o t h  ye a r s ,  t h e  a g r e e m e n t  b e t we e n  

pred i c ted a nd mea s u r e d  v a l u e s , i s  g e n e r a l l y n o t g o od , e v e n  

a f ter a l l ow i ng f o r  t h e  2 0 %  me a s u r ed v a r i a n c e  l im i t s  o n  the 

mea n s  o f  d a ta f o r  f i e l d  p l o t s , t o  a c c o u n t  f o r  s pa t i a l 

v a r i ab i l ty .  As the m od e l  d i d no t a c c o u n t  f o r  po s s i b l e  

' pr im i ng ' and ' d e s i cc a t i o n ' e f f e c t s  o n  t h e  n a t i v e  s o i l  N 

m i n er a l i s a t i o n ,  the m od e l  p r ed i c t i o n s f o r  i n o r g a n i c  ammo n i um 

a nd n i t r a te l e v e l s  c o u l d  o n l y  b e  c o n s i d e r ed a s  f i r s t  

appr o x im a t i o n s  a nd the r e fo r e ,  a g ood ag r eeme n t  w i th the 

mea s u r ed v a l ue s  c o u l d  no t be e x p e c t ed . Howe v e r , the t r e nd s  

i n  the mea s u r ed v a l ue s , p a r t i c u l a r l y  the n i t r a te v a l u e s , 

r e s emb l e  the s im u l a t ed v a l ues . 

Ov e r a l l ,  t h e r e  i s  g ood ag r eemen t b e tween m e a s u r ed and 

s imu l a ted v a l u e s  for N l e ach i ng l o s se s  a nd to a l e s s  e x t en t , 

to r N u p t a k e  by b a r l e y . 

6 . 5  GENERAL D I SCUSS I ON 

The v a l i d i ty o f  u s i ng m od e l s  d e v e l o ped f r om sma l l  s c a l e  

s t ud i e s , t o  p r ed i c t  N behav i o u r  i n  l a r g e  s c a l e  s y s t ems ( o f  

pad d o c k  s i ze ) , a ppe a r s  n o t  t o  h a v e  b e e n  e v a l u a t ed f o r  a 

c r opp i ng s y s tem ( s ec t i o n  2B . l . l ) . The c r op s e a s o n  mod e l  

p r e s e n ted i n  th i s  c h a p t e r  wa s d e v e l oped w i th d a ta f r om sma l l  

s c a l e  e xper imen t s . Th i s  m od e l , i n  g e n e r a l , s u cce s s f u l ly 

s im u l a t ed the N t r a n s f o rma t i o n s  o c c ur r i ng i n  a l aY g e  s c a l e  
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f i e l d  s t ud y , i nd i c a t i ng t� a t  sma l l  sca l e  e x p e r imen t a t i o n a n d  

m od e l s  d e v e l o pe d  f r om them a r e  l i k e l y  t o  h a v e  d i r e c t  

a p p l i c a t i o n  t o  f i e ld s i t u a t i o n s  w i th s im i l a r  c r o p s  a n d  

s o i l s . 

S ev er a l  s imp l i fy i ng a s s ump t i o n s  we r e  m a d e  i n  t h e  m od e l , 

i nc l ud i ng the a s s u�pt i o n  t h a t  the r o o t i ng d e p t h  � s  a 

f u nc t i o n  o f  t i me a nd spa c e  i s  i nv a r i an t , f o l l ow i ng D u t t  e t  

a l  ( 1 9 7 2 ) . B u t , u n l i k e  the ma s s -b a l ance m od e l s ( e . g .  T a n j i 

e t  a l  1 9 7 9 )  wh i ch a g g r e g a te t ime a nd s p a ce a nd th u s  a r e  on l y  

c apab l e  o f  p r ed i c t i ng N cha n g e s  over  l o n g · t im e  i n te r v a l s  

( such a s  b e tw e e n  s o w i ng a nd h a r ve s t  o f  c r o p ) , th i s  s imp l e  

c r o p  s e a s o n  m od e l  h a s  the r e s o l ut i o n t o  s im u l a t e d a i l y 

v a l u e s  f o r  N t r a n s f o r ma t i on s . Th i s  add s to the u s e f u l n e s s  

o f  the m od e l  a s  a m a n a g ement  t oo l , f o r  the m od e l  s ho u l d b e  

o f  u s e  i n  m a k i ng d ec i s i on s  on t h e  N fe r t i l i z e r  r eq u i r emen t s  

o f  c r op s . 

S t an f o r d  ( 1 9 8 2 )  d e s c r i bed a d i r ec t a pp r o ach t o  e s t ima t e  

N r e q u i r em e n t s  o f  c r o p s  a s  fo l l ows : 

( 6 .  1 )  

I n  th i s  equ a t i o n ,  Nf d e n o t e s  t h e  amo u n t  o f  fe r t i l i z e r  N 

n eed ed , N c i s  the c r o p  up t a k e  o f  N a s so c i a te d  w i th a 

s pe c i f i c  m a x imum o r  a t t a i n ab l e  eco nom i c y i e l d , N .  1 i s  the 

m e a s u r ed i n i t i a l  qua n t i ty of  i no r g a n i c N i n  the s o i l , Nm i s  

t h e  e s t ima t ed q u a n t i ty o f  N m i ne r a l i s ed f r om s o i l  o rg a n i c  N 

p o o l  d u r i ng the c r o pp i ng s e a s o n  and E i s  a n  e f f i c i en c y  

f a c to r . Rec en t l y  i n  N e w  Z e a l a nd , a s im i l ar k i nd o f  a p p r o a c h  

h a s  b e e n  u s ed f o r  eva l u a t i ng the f e r t i l i ze r  N r eq u i r em e n t o f  

m a i z e ( S t e e l e  e t  a l  1 9 8 2 )  a nd whea t ; ( Quin et a l  1 982 ) .  A 

l im i t a t i o n t o  th i s  a pp r o ach a r i se s  whe n  f a c to r s  a f f e c t i ng 
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t he a v a i l a b i l i t y o f  b o t h  f e r t i l i z e r  N a nd n a t i v e s o i l  N ,  

depa r t  f r om t h e  p e � c e i v e d  • n o r m 1 • Th i s  l i m i t a t i o n c o u l d b e  

r e d u c ed i f  m ec h a n i s t i c  m oJ e l s  w e r e  u s ed t o  take i n t o  a cc o u n t 

the a b o v e  f a c t o r s  u n d e r  New Z e a l a n d  c o nd i t i o n s . Th i s  

a p p r o a c h  wo u l d  b e  i n  l i n e  \-.' i t h the  r e c e n t  d e ve l o pw e n t s  i n  

E n g l a n d , wh e r e  t h e  f e r t i l i z e r r e q u i � em e n t s  o f  v eg e t a b l e  

c r ops a r e d e t e r m i n ed b y  a c omb i n a t i o n  o f  me ch a n i s t i c a nd 

emp i r i c a l  a pp r o a c h e s  ( G r e e n w o o d  1 9 7 9 ) . 

A m e c h a n i s t i c  a pp r o a ch vw u l d  t a k e i n  t o a c c o u n t  s o  i 1 a n d  

e nv i r o nm e n t a l  c o nd i t i o n s  i n f l u e n c i ng N av a i l ab i l i ty t o  

c r op s . F o r e x a m p l e ,  h e a v y  r a i n f a l l s o o n  a f ter f e r t i l i z e r  

appl i c a t i o n m a y  a f f e c t  t h e  a v a i l ab i l i t � t o  pl a n t s , o f  b o th 

fer t i l i z e r  N a nd n a t i v e s o i l  N .  The m od e l p r e s e n ted i n  th i s  

cha p t e r ,  can  b e  u s e d  t o  a s s e s s  t h e  p o s s i b l e  e f f e c t o f  

e x ce s s i v e  r a i n , tha t f a l l s  e a r ly i n  t h e  c r o p  sea s o n , o n  the 

c r op N u p t a k e  p a t t e r n .  I f ,  f o r  e x am p l e , i t  i s  a s s umed tha i 

9 0  p e r ce n t i l e  r a i n f a l l  even t s  o cc u r r ed d u r i ng the f i r s t  5 

wee k s  ( N o vembe r -D e c embe r )  o f  the b a r l ey c r o p  o f  1 9 7 9 - 8 0  tha t 

was f e r t i l i z ed w i th u r e a  a t  l O O  kgN/h a , t he i r  e f f e c t s  o n  

c r o p  N u p t a k e  c a n  b e  s im u l a t ed w i t h  the mod e l . Ac t u a l  

r a i n fa l l  m ea s u r ed d u r i ng the s e  t w o  m o n t h s  wa s 1 0 5  a nd 1 1 4  mm 

r e s pe c t i ve l y . I n  o r d e r  t o  s im u l a t e  9 0  pe r c ent i l e r a i n f a l l  

o f  1 2 6  a nd 1 7 3  mm r e s p e c t i ve l y  f o r  the t w o  month s , a n  e x c e s s  

o f  2 1  a nd 5 9 mm r a i n  o v e r  the m e a s u r ed ra i n fa l l  f o r  the 

r e s pe c t i ve m o n t h s ; wa s a s s umed . The e x ce s s  r a i n f a l l  o f  2 1  

mm f o r  

( No v embe r  

Novem be r  wa s a s s umed 

2 9 )  f o l l o w i ng u r e a  

t o  h a v e  occ u r r ed o n  d ay 7 

a pp l i c a t i o n .  The e x c e s s 

r a i n fa l l  o f  5 9  mm f o r  Dec emb e r  wa s equa l l y d i v i d ed b e t we e n  

t wo
_

eve n t s  a nd a s s umed to have o cc u r r ed o n  days  1 4  ( De c embe r  

6 )  and 2 1  ( De c embe r 1 3 )  fo l l ow i ng u r ea a p p l i c a t i o n . 
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The s i m u l a t e d  p a t t e r n o f  c r op N u p t a k e  w i t h 9 0  

p e r c e n t i l e  r a i n f a l l  i s  s h o wn i n  F i g . 6 . 9 ,  a l o n g  w i th the 

s i mu l a t i o n  w i th a c t u a l  r a i n fa l l . A t  the e nd o f  w e e k  5 ,  the 

c r op th a t  r ec e i v ed 9 0  p e r c en t i l e  r a i n fa l l , t o o k  u p  2 0 %  l e s s  

N than  t h e  c r o p  r e c e i v i ng a c t u a l  r a i n f a l l .  A t  h a r v e s t , the 

c r op r e c e i v i ng 9 0  p e r c e n t i l e  r a i n fa l l  had t a k e n  u p  1 5 %  l e s s  

N than  t h e  c r op r e c e i v i ng a c t u a l  r a i n f a l l . The mod e l  t h u s  

c a n  p r o v i d e a c o n t i n uo u s  e v a l u a t i o n  o f  p o s s i b l e  ad v e r s e  

e f fec t s  c a u s ed b y  u n f o r e s e a b l e  f a c t o r s  s u c h  a s  e x c e s s i v e  

r a i n f a l l , o n  p l a n t  N up t a k e . 

Ad v e r s e  e f f e c t s  o n  p l a n t  N u p t a k e  c a n  c a us e  s up p r e s s i o n 

o f  c r op y i e l d , s i n c e  a p o s i t i v e  r e l a t i o n s h i p e x i s t s  be tween 

p l an t  N u p t a k e  a nd c r o p  y i e l d s , a s  d emo n s t r a t ed in  s e v e r a l  

s t ud i e s  t h a t  a r e  we l l s umm a r i s ed by O l s o n  a n d  Ku r t z  ( 1 9 8 2 ) . 

I f  a r e d u c t i o n  i n  p l a n t  N u p t a k e  c a n  b e  pr ed i c ted , s te p s  

s uch a s  t o p  d r e s s i ng w i th a d d i t i o na l N f e r t i l i z e r , c o u l d  

then b e  t a k e n  b y  g r owe r s o r  a d v i se r s  to r ec t i f y a ny t r end i n  

p l an t  N u p t a k e  wh i c h  d e p a r t s  f r om tha t p l a nn ed t o  o b t a i n  
" 

m a x imum e c o nom i c  y i e l d . Th i s  a p p r o ach wo u l d  r equ i r e  a g oo d  

k no w l e d g e  o f  o p t i m a l  N r e q u i r eme n t s  i n  c r op t h r o u g ho u t  i t s  

g r owth s e a s o n , pa r t i c u l a r l y  i n  the e a r l y  s t a g e s  o f  i t s 

g r owth . 

Th e c r o p  s e a s o n  m od e l  w a s  d ev e l oped w i th the s o i l  a n d  

p l a n t  d a t a , o b t a i n ed f r om p l o t s  f e r t i l i z ed w i th l O O  kg N/ha . 

I f  l ow e r  a pp l i c a t i o n  r a t e s  ( < l O O k g N/ha ) a r e  t o  b e  

co n s i d e r ed f o r  th i s  s i t e r  the c u r r e n t  m od e l  w i l l  p r o v i d e  

o u t p u t  ( i n t e r m s  o f  f e r t i l i ze r  N l eached i n  d r a i n ag e w a t e r , 

a nd taken up by p l a n t s )  , i n  p r o po r t i o n to the o u tp u t  
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with actual rainfall ( --) ,  and { i i }  sinulations 

with 90 percent ile rainfall ( - - -) .  
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ob t a i n e d  w i th l O O  kgN/ha  a p p l i c a t i o n  r a t e . Ve r i f i c a t i o n  o f  

t h e s e  p r ed i c ted v a l ue s  w i t h  me a s u r ed d a t a  w i l l  b e  nec e s s a r y . 

Wh e r e  d i f fe r en c e s  be tween the mod e l l ed a nd the m e a s u r ed 

v a l u e s  a r e  ob s e r v ed , r ec a l i b r a t i o n ( w i th N - 1 5  e x p e r imen t s ) 

o f  s ome m o d e l  p a r ame t e r s  ( s uch a s  i mm ob i l i s a t i o n 

m i n e r a l i s a t i o n c o e f f i c i e n t s ) w i l l
. 

be requ i r ed .  

The c r o p s e a s o n  m o d e l  p r ed i c t ed N l e a ch i ng l o s s e s  w i t h 

b e t t e r  a c c u r a c y  th a n p l a n t  N u p t a k e . To i m p r o v e t h e  

a c c u r a c y  o f  mod e l  p r ed i c t i o n o n  p l a n t  N u p t a k e ,  s om e  

r e f i n eme n t s  a r e  r eq u i r ed on th i s  compo n e n t  o f  the m od e l . 

S i n c e  a m a j o r  po r t i o n o f  t o t a l  p l a n t N u p ta k e o r i g i n ate s 

f r om n a t i ve 

p r ed i c t  m o r e  

s o i l  N ( s ec t i o n 

a cc u r a t e l y  the 

m i ne r a l i s ed d a i l y .  

3 . 3 . 4 c ) ; i t  i s  n e c e s s a r y to 

amo un t s  of  n a t i v e  s o i l  N 

A t  p r e se n t , s o i l  tempe r a t u r e  and mo i s t u r e  a r e  the o n l y  

e n v i r o nm e n t a l  f a c t o r s  t h a t wer e  c o n s i d e r ed i n  the mod e l  t o  

a f fe c t n e t  m i ne r a l i s a t i o n . A l tho u g h  t h e  d om i na n t  f a c to r s  

u s u a l l y  a r e  s o i l  t emp e r a t u r e  a nd mo i s t u r e ,  o th e r  c o nd i t i o n s  

a s s o c i a te d  w i th s o i l  p r o pe r t i e s , e . g . ,  c u l t i v a t i o n , o the r 

e s se n t i a l n u t r i en t s , l i rn i ng a nd so i l  p H  a r e  a l so i n f l ue n t i a l  

( Campb e l l  1 9 7 8 )  a n d  c o u l d  t he r e fo r e  be t a k e n  i n to a c c o u n t  i n  

t h e  m od e l  s im u l a t i o n , i f  t h e i r  e f fe c t s  a r e  k nown . 

Mo r ev e r , the m od e l  o n l y  c r ud e l y  t a k e s  i n t o  a c c o u n t  the 

e f fec t o f  s o i l  t empe r a t u r e  a nd mo i s tu r e , by t a k i ng month l y  

a v e r a g e s  o f  so i l  tempe r a t u r e  and m o i s tu r e  ( sec t i o n  6 � 2 . 3 ) . 

Th i s  i s  a n  ov e r s i m p l i f i c a t i on a nd . f u r the r r e f i n eme n t  to the 

mod e l  s h o u l d  po s s i b l y  c o n s i d e r  s o i l  t em pe r a t u r e -m o i s t u r e  

e f f e c t  o n  n e t  m i n er a l i s a t i on o n  a d a i l y b a s i s .  So i l  

t empe r a t u r e s  c a n  e i the r b e  g i v e n  a s  a n  i n p u t  d a t a  t o  the 
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mod e l  o r  a l t e r na t i v e l y  a s o i l  tempe r a t u r e  s ub-mod e l  c a n  be 

added t o  the mod e l  s t r uc t u r e  in o rd e r  to s im u l ate the d a i l y 

so i l  tempe r a t u r e s , a s  d o ne i n  s ome m od e l s ( e . g . Wa t t s  a nd 

H a n k s  1 9 7 8 ;  T i l l o t s o n  and Wag e n e t  1 9 8 2 ) . 

L i k e m o s t  m o d e l s ,  the m od e l  pre s e n t ed i n  th i s  chapte r 

ha s a d eg r e e  o f  s i te- s pec i f i c i t y .  Al tho u g h  i t  i s  d e v e l o ped 

f o r  a s i t e - spec i f i c  s i t u a t i o n ( i . e . , f o r  t i l e -d r a i ned 

f r ag i a q u a l f ) , i t  c o u l d  be a d a p t ed t o  o the r s i tua t i o n s  wh e r e  

d i f f e r e n t  c r o p s  a r e  g r own o n  d i f f e r e n t  s o i l s  w i th d i f f e r e n t  

N f e r t i l i ze r s  a t  d i f fe r e n t  r a te s  o f  appl i c a t i o n . The mod e l  

wo u l d  need t o  be r e pa r am e ter i sed w i th d a t a  f r om 

p r o c e s s - o r i e n ted e x pe r i m en t s , a nd d epend i ng o n  how d i f f e r e n t  

the s i t u a t i on i s , t h e  ma thema t i c a l  s t r u c t u r e  ( e . g . ,  

c a l c u l a t i on o f  c o r r ec t i o n f a c to r s  f o r  d i f f e r e n t  s o i l  

temp e r a t u r e  a nd s o i l  m o i s t u r e  cond i t i on s )  may a l s o  need 

m od i f i c a t i on . 

P r ov i d ed a s e t  o f  f i e l d  d a ta o n  N l ea c h i ng a nd p l a n t  N 

u p t a k e  a r e  a v a i l ab l e  f o r  u s e  t o  v e r i fy the model o u tp u t , the 

mod e l , as i t  i s , c o u l d  be u sed t o  p r ed i c t  th i s  o u tpu t . 

Whe r e  d i f f e r e n c e s  r e s u l t . r e s ea r ch c a n  be d i r ec ted a t  

r ep a r am e te r i s i ng the m od e l  t o  ob t a i n  be t te r  mod e l  

p r ed i c t i o n s . Such r e se a r ch e f f o r t s  wo u l d  l e ad t o  a few 

p r o ce s s -o r i en ted e x p e r iment s , a nd the r e s u l t s  f r om t h em 

c o u l d  be e x tended t o  a w i d e r  r a ng e o f  ' s o i l -c r o p- c l ima te ' 

s i t u a t i on s . The m od e l  th u s  h a s the po ten t i a l t o  be u s ed i n  

s o i l  fer t i l i ty s tud i e s  whe r e  N f e r t i l i ze r  r eq u i r eme n t s  o f  

c r o p s  a r e  b e i ng d e t e r m i ned . 
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6 . 6 CONC L U S I O N S  

T h e  c r o p  s e a s o n  mod e l  p r e s e n ted in  th i s  chapter wa s 

f o rmu l a ted a nd p a r ame t e r i s e d  w i t h d a ta f r om sma l l  s c a l e  

e x p e r imen t s . Th i s  mod e l , i n  g e n e r a l , s uc c e s s f u l l y  s im u l a t ed 

t h e  N t r a n s f o rma t i o n s  o cc u r r i ng i n  a l a r g e  s c a l e  f i e ld s t ud y  

i n  wh i ch f e r t i l i ze r  N w a s  added , i nd i c a t i ng t h a t sma l l  s c a l e  

e x pe r ime n t a t i o n  a nd m od e l s  d ev e l o ped f r om t h em a r e  l i k e l y  t o  

h a v e  d i r e c t  appl i c a t i o n t o  f i e l d s i t u a t i o n s  w i th s im i l a r  

c r o p s  a nd s o i l s .  

Th e u s e f u l n e s s  o f  the mod e l  a s  a m a n a g em e n t  t o o l  i s  

i l l u s t r a ted by u s i ng the m od e l  t o  pred i c t  the a d v e r s e  e f fe c t 

o f  e x ce s s i v e r a i n , t h a t f a l l s  e a r l y  i n  the c r o p  s e a s o n , o n  

t h e  c r o p  N u p t a k e  pa t t e r n .  The m od e l  i s  capab l e  o f  

p r o v i d i n g a c o n t i n u o u s  e v a l u a t i o n  o f  p o s s i b l e  adve r se 

e f f e c t s  c a u sed by u n f o r e s e a b l e  f ac t o r s s uch a s  e x c e s s i ve 

r a i n fa l l , o n  p l a n t  N u p t a k e . 

The mod e l  p r ed i c t i o n f o r N l ea c h i ng l o s s e s  h a s  

d emo n s t r a ted b e t t e r  a c c u r acy t h a n  f o r  p l a n t  N upta k e . To 

I 
i m p r o v e  t h e  a c c u r i c y  o f  mod e l  p r ed i c t i o n  o n  p l a n t  N u p t a k e , 

s ome r e f i neme n t s  a r e  r e q u i r ed o n  the p l a n t  N u p t a k e  

c om po n e n t  o f  the mod e l . F o r  m a k i ng s u c h  r e f i nemen t s , mo r e  

s o i l  a nd p l a n t  i n f o rma t i o n  wo u l d  b e  requ i r ed .  

A l s o  the mod e l , l i k e  m o s t  o t h e r  mod e l s , h a s  a d eg r ee o f  

s i t e - s p ec i f i c i ty .  Howev e r , w i th mod i f i c a t i o n s , i t  c o u ld be 

a d a p t e d  t o  o the r s i t u a t i o n s  whe r e  d i f f e r e n t  c r o p s  a r e  g r own 

on d i f f e r e n t  s o i l s  w i th d i f f e r e n t  N fe r t i l i z e r s  at d i f fe r e n t  

r a t e s  o f  a pp l i c a t i o n . 
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D r a i n a g e wa t e r s  f r om a g r i c u l t u r a l  l a nd f l o w i n t o bod i e s  

o f  s u r f a ce w a t e r  o r  s e ep i n to g r o u n d  w a t e r  b a s i n s . Such 

d r a i n a g e  w a t e r s  c a r r y  N l o a d s ,  s i n c e  r em o v a l  of n i t r a t e s  

f r om s o i l  b y  d � a i n ag e  i s  i n ev i t a b l e  i n  ag r i c u l t u r a l  

p r a c t i c e ,  r e g a r d l e s s  o f  f e r t i l i z e r  u s e  ( Co o k e  1 9 7 6 ) . Th e 

e f f e c t s  o f  th i s  N l o ad , i n  a g r i c u l t u r a l  d r a i n a g e , o n  the N 

c o n t e n t  o f  n a t u r a l  wa t e r s  c a u s e s  c o n c e r n  a s  N h a s  p o t e n t i a l  

e n v i r o nm e n t a l  a n d  hea l th impa c t s  ( Ke e ney 1 9 8 2 ) . The 

c o n c e n t r a t i o n of n i t r a t e 

e x c e e d  the r e c omm e nd e d  

i n  p o t ab l e  

l ev e l  ( 1 0 

wa t e r  a t  t i m e s  may 

mg N/ l i t r e )  s e t  by the 

Wo r l d  H e a l th Or g a n i s a t i o n on the bas i s  o f  n i t r a te c a u s i ng 

' me t h a em og l ob i n a em i a ' i n  yo u ng b ab i e s . A ' po i n t  s o u rc e ' f o r  

s u c h  n i t r a te po l l u t i o n  o f  s u r f a c e  wa t e r s  c o u l d  b e  t h e  t i l e 

d r a i n ed f a rm l and s a s  r e p o r t ed i n  s e v e r a l  o v e r s e a s  s tud i e s  

( e . g . B a k e r  e t  a l  1 9 7 5 ;  H o od 1 9 7 6 ;  M i l l e r  1 9 7 9 ) . 

P r ed i c t i ng n i t r a te c o n c e n t r a t i o n  i n  t i l e  d r a i n  e f f l ue n t  i s ,  

the r e fo r e , a d e s i r ab l e  o b j ec t i ve ,  f o r  p o l l u t i on c o n t r o l  

s t ud i e s .  

The New Z e a l a nd d a ta o n  N l os s e s  f r om pa s t u r e  

w a t e r s h ed s  ( Tu r n e r  e t  a l  1 9 7 7 ; Sha r p l e y  a nd Sye r s  1 9 8 1 )  

i nd i c a t e  tha t n i t r a te c o nc e n t r a t i o ns i n  t i l e d r a i n a g e  o n l y  

o c c a s i o n a l l y  e x c e ed 1 0  mg N/l i t r e ; a l tho ugh h i gher  n i tr a te 

l ev e l s ( > 2 5  mg N/1 i t r e )  i n  g r o und wa t e r s h a v e  been r e po r ted 

( Ba b e r  a nd W i l s o n  1 9 7 2 ) . The se l a t t e r  w o r k e r s  c o n s i d e r ed 

the · h i g h n i t r a t e l e v e l s  i n  g r o und wa t e r s ,  t o  be d ue to d e e p  
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p e r c o l a t i o n o f  d r a i n ag e  wa t e r  f r om a n  i n t en s i v e l y  g r a z ed 

pu s t u r e  o n  po r o us pum i c e  s o i l . The r e  a ppe a r s  to b e  no 

p ub l i shed i n f o �ma t i on ava i l ab l e  on the e f f e c t s  o f  c r opp i ng 

o n  n i t r a te l ev e l s  i n  e i th e r  t i l e d r a i n a g e  o r  i n  g r o und 

w a t e r s . 

The
.
s o i l  i n o r g an i c  N l ev e l s a r e  us u a l l y  h i g h  fo l l ow i ng 

t h e  p l o ug h i ng o f  pa s t u r e s , d ue t o  r ap i d  i n i t i a l  

m i n e r a l i s a t i o n  o f  s o i l  o r g a n i c  m a t ter [ s ec t i o n  2A . 2 . 4 ( i i ) ] .  

I f  a g r e a t e r  a r e a  o f  pa s t ur e l a nd i s  t i l e d r a i n ed a n d  

c u l t i v a ted f o r  c r o p s , h i g h e r  n i t r a t e l o s s e s  i n  t i l e 

d i s c h a r g e  wo u ld s e em i nev i t a b l e . 

R ec e n t  t r e nd s  i n  N e w  Ze a l a nd farm i ng i nd i c a te th a t  a 

g r e a t e r  a r e a  o f  pa s t u r e  l a nd i s l i k e l y  t o  b e  p l o ugh ed f o r  

g r o w i ng f o r a g e  c r ops ( T a y l o r  and Hug h e s  1 9 7 8 ;  S te ph e n  

1 9 8 2 ) . Add i t i o n a l l y , w i th l o ng e r  c r opp i ng r o t a t i o n , 

i nc r ea s e d  N f e r t i l i ze r  u s e  c o u l d  be e x pe c ted bec a u s e  

r e s p o n se t o  N f e r t i l i z e r  d ev e l ops 

s uc c e s s i v e c r o pp i n g f o l l ow i n g pa s t u r e . 

i nc r e a s ed N f e r t i l i z e r  u s e  a l s o 

w i th i n  a f e.w ye a r s o f  

The po ten t i a l  fo r 

e x i s t s  w i th t h e  

e s t ab l i shme n t  o f  ammo n i a - u r e a  p l a n t  i n  Ta r a nak i ( Me n z i e s  

1 9 8 0 ) . W i th s uc h  t r e nd s  i n  New Z e a l a nd f a rm i ng , a N m od e l  

d ev e l oped f o r  New Z e a l a n d  cond i t i o n s , sh o u l d  b e  c a pab l e  o f  

e v a l ua t i ng the e x t e n t  t o  wh i ch t i l e d r a i ne d  c r o p l a nd c o u l d  

b e c om e  a po i n t  s o u r c e  f o r  n i t r a te po l l u t i o n , when f e r t i l i ze r  

N i s  u s ed t o  a c h i e v e  h i g h  l e ve l s o f  c r op p r od uc t i o n . 

The o b j e c t i ve f o r  th i s  cha p t e r  i s  t o  f u r the r d e v e l op 

the mod e l  o u t l i n ed i n  the p r e c ed i ng c h a pt e r s 5 a nd 6 ,  i n  

o rd e r  to p r ed i c t ,  o v e r  a two ye a r  pe r i o d , t h e  N l ea c h i ng 

l o s se s  i n  t i l e d i s c h a r g e  f r om a r ecen t l y  p l o ughed pa s t u r e  
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s u b j ec t e d  t o  a d o u b l e  c r o pp 1 n g r o t a t i o n t o  wh i c h f e r t i l i z e r  

N i s  a d d e d . S u c h  a m od e l m a y  he l p  i n  d e t e rm i n i n g t h e  b e s t  

f a rm ma n a g em e n t  p r a c t i c e s wh i c h m a y  m i n i m i s e p o l l u t i o n . 

7 . 2 N I T R OG E N  S I M U L A T I O N  I N  A L A R G E  SC A L E  F I E L D  T R I A L  

7 . 2 . 1 L a r g e  s c a l e  f i e l d t r i a l  

A t  t he T i r i t e a  Re s e a r c h A r e a  ( D S I R ) , a d j a c e n t  t o  t h e  

M a s s e y  U n i v e r s i t y c ampu s , a l o ng - t e rm N b a l � nc e  e x p e r i m e n t  

i n ve s t i g a t i n g  N c yc l i ng i n  c r o pp i n g r o t a t i o n 1 w a s i n i t i a t e d  

i n  1 9 7 6 .  T h e  o b j e c t i v e s  and t h e  d e s i g n  o f  t h i s  l a r g e  s c a l e  

f i e l d  t r i a l , a r e  f u l l y  d e s c r i b e d by Ga nd a r  a n d  G r e g g  ( 1 9 7 9 ) . 

The f i e l d t r i a l  c omp r i s ed f i v e  N t r e a tm e n t s t t h a t  we r e  

impo s ed o n  f i ve l a r g e  p l o t s  ( 1 1 0  x 3 0  m e a c h ) . E x p e r im en t a l  

d a ta c o l l e c ted f r om two o f  t h e s e  p l o t s  [ p l o t  ( 1 )  a nd ( 2 ) ) 

b e tween Ap r i l  1 9 7 8  a n d  Ma r c h  1 9 8 0  a r e  u s ed f o r  m od e l  

v e r i f i c a t i o n . 

7 . 2 . 1 . 1  De s c r i pt i o n  o f  the e x p e r imen t a l  s i t e 

The s o i l  a t  the e x p e r i me n t a l  s i te i s  a T o k am a r u  s i l t  

l oam , a moder a t e l y  g l eyed ye l l ow g r ey e a r th d e r i v ed f r om 

l oe s s  ( F r ag i aqu a l f ) . The s o i l  u nd e r  n a t u r a l  cond i t i o ns ha s 

a pe r ch e d  wa t e r  tab l e  d u r i ng w i n te r  pe r i o d s . I n  Feb r ua r y  

1 9 7 6 , a f i e ld d r a i n age s y s t em was e s t a b l i shed c ompr i s i ng a 

t i l e  l i n e  f o r  e a c h  l a r g e  p l o t  and m o l e  c h a n n e l s  s p a c e d  a t  2 

m i n t e r va l s  and a t  a depth o f  abo u t  4 0 0  mm . For  p u r p o s e  o f  

mo n i t o r i ng t i l e  d i scha r g e  and N l eac h i ng , S t e v e n s  ' F '  

w a t e r - l ev e l  r e c o r d e r s  a nd c a l i b r a ted a u t.oma t i c  e f f l ue n t  

s amp l e r s  we r e  i ns t a l l ed fo r e a c h  p l o t  a t ·  t h e  o u t l e t  o f  e a ch 

t i l e l i ne . I n  Apr i l  1 9 7 6 ,  the p l o t s  we r e  p l o ug hed f r om 

pa s t u r e  ( f i v e ye a r s  o l d )  a n d  we re immed i a t e l y  sown to  w i n te r  

o a t  c r op . The l a nd was s u b s e q ue n t l y  c r o pped w i th a s umme r  



I •  

Pag e 1 3 4  

ma i z e -w i n t e r  o a t  r o t a t i o n d u r i ng 1 9 7 6 - 7 7 .  A b a r l ey c r op 

f o l l owed d u r i ng the s umm e r  c r op s e a s on of  1 9 7 7 - 7 8 .  I n  o rd e r  

t o  c r e a te a N r e s po n s i v e  c o nd i t i o n , a l l  c r ops g r own o n  p l o t s  

( 1 )  and ( 2 )  d i d n o t  r ec e i v e a n y  N f e r t i l i z e r , s i n c e  the t i m e  

t h e  p l o t s  wer e  p l o ughed f r om pa s t ur e . 

7 . 2 . 1 . 2  D e s c r i p t i o n o f  the f i e l d  t r i a l  

{ a )  C r ops g r own d u r i ng the e x p e r ime n t a l  p e r i od 

Fo l l ow i n g t h e  summ e r  b a r l ey c r o p  o f  1 9 7 7 - 7 8 ,  t h e  p l o t s  

we r e  l e f t  f a l l o w  d u r i ng the w i n t e r  o f  1 9 7 8 ,  a nd s ub s e q u e n t l y  

we r e  c o n t i nuo u s l y  c r opped w i t h a n  ann u a l  c r o p  r o t a t i o n  o f  

s umm e r  b a r l e y -w i n t e r  o a t s . The s o w i ng , h a r v e s t  a nd o th e r  

phe n o l o g i c a l  d a t e s  f o r  the s e  c r o p s  a r e  sh own i n  Tab l e  7 . 1 . 

F e r t i l i z e r  N a s  u r e a wa s a d d ed t o  p l o t  ( 1 )  a t  a r a te o f  l O O  

kg N/ha p r i o r  

f er t i l i z e r  N 

to s o w i n g o f  e a c h  b a r l ey c r o p , wh i l e  no 

w a s appl i ed t o  p l o t  ( 2 ) . On both p l o t s , the 

· W i n te r  oat c r op d id no t r e c e i v e  N f e r t i l i ze r . 

( b )  Samp l i ng p r o c ed u r e s  

( i ) So i l  sampl e s : So i l  s amp l e s  we r e  c o l l ec ted f r om 

p l o t s  ( 1 )  a n d  ( 2 )  a t  m o n th l y  i n te r v a l s  u n t i l  Ma rch 1 9 7 9  a n d  

t he r e a f t e r  a t  wee k l y  i n t e r v a l s .  A t  e a c h  s amp l i ng t ime , 

1 0 - 1 5  s o i l  c o r e s  w e r e  c o l l e c t ed f r om each p l o t  to a d epth o f  

4 0 0  mm .  Each  c o r e  wa s d i v i d ed i n t o  th r ee sec t i o n s  o f  0 - 1 5 0 , 

1 5 0 - 3 0 0  a nd 3 0 0 - 4 0 0  mm d e pth i n c r eme n t s . So i l  c o r e s  o f  the 

c o r r es pond i ng d e p th s  we r e  poo l ed tog e the r a n d  sub s amp l e s  

t a k en f o r  N a n a l y s i s . 

( i i )  P l a n t  s ampl e s : F o r  e a c h  c r o p  g r own , p l a n t  samp l e s  

wer e  c o l l ec t ed r e g u l a r ly f r om p l o t s  ( 1 )  a nd ( 2 ) a t  i n t e r v a l s 

o f  appr o x ima t e l y  t h r e e  we e k s  f r om sowi ng un t i l  ha r v e s t . At  

e ach s amp l i ng , p l a n t  s amp l e s  w e r e  c o l l ec te d  f r om 2 0  quad r a t s  



T a b l e  7 . 1  C r op ph e n o l og i c a l  d a t e s  

C r o p  phen o l og y  

So vd. ng 

Crop em e r g e n c e  

Fu l l  c r o p  c o v e r  

E n d  o f  t i l l e r i n g  

Gr a i n  r i pe n i ng 

H a r v e s t  

B a r l ey 

2 - 1 0 - 7 8  

8 - 1 0 - 7 8 

6 - 1 1 - 7 8  

2 1 - 1 1 - 7 8  

2 5  - 1 - 7 9 

2 - 2 - 7 9 

Oa t s  

3 - 4 - 7 9  

1 8 - 4 - 7 9  

1 - 8 - 7 9  

1 7 - 1 0 - 7 9  
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Ba r l ey 

2 2 - 1 1 - 7 9  

3 - 1 2 - 7 9 

2 7 -1 2 - 7 9  

5 - 1 - 8 0  

2 5 - 2 - 8 0  

7 - 3 - 8 0  

D u r i ng w i n t e r  1 9 7 8 , p l o t s  ( 1 )  a n d  ( 2 )  we r e  i n  fa l l ow . 
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( 0 .  2 m 2 ) fo r e a c h  p l o t .  The q u a d r a t s vJe r e  s e l ec ted u s i ng 

r a nd om n umb e r s  f r om a g r i d l a yo u t . Dr y ma t t e r  y i e l d s  a nd N 

con t e n t d e t e r m i n a t i o n s  we r e  m a d e o n  the s e  s am p l e s . 

( i i i )  Le a c h a t e  s amp l e s : D u r i n g e a c h  d r a i n a g e  e v en t , 

t i l e  f l ovJ m e a s u r emen t s  we r e  m a d e  and " r epr e s e n t a t i v e "  

s amp l e s w e r e  co l l e c t ed f o r  d e t e rm i n a t i o n  o f  n i t r a te 

c o nc e n t r a t i o n . I n  o r d er t o  j u s t i f y the use o f  

r e pr e s e n t a t i � e  s amp l e s  f o r  m e a s u r i ng l e a c h i ng l o s s e s  o f  N ,  a 

c ompa r i s o n w a s  m a d e  w i t h  the a u t om a t i c  s amp l i ng t a k e n  a t  

f i x ed i n t e rv a l s  d u r i ng two t i l e  f l o w e v e n t s  t h a t  w e r e  l e s s  

t han 1 5  mm d i s c h a r g e  p e r  d a y . Ag r e em e n t  b e t w e e n  the two 

me th 0d s w a s  s a t i s f a c t o r y . 

( c )  A n a l y t i c a l  p r o c ed u r e s  

The s o i l  s amp l e s  we r e  e x t r a c ted i n  1 0 : 1  s u s p e n s i on o f  2 

M po ta s s i um c h l o r i d e . The e x t r a c t s  w e r e  d i s t i l l ed w i th 

m a g ne s i um o x i d e  to r e l e a s e ammo n i um N a nd d i s t i l l a t i o n  w a s  

c o n t i nued w i th D ev a r d a  a l l oy t o  d e t e rm i n e n i t r a te a nd 

n i t r i t e  N ( B r em n e r  and Ke e n e y  1 9 6 6 ) . Le ac h a t e  samp l e s  we r e  

f i l te r ed a n d  d i s t i l l ed w i th Dev a rda a l l oy t o  d e t e rm i n e  

n i t r a t e  a n d  n i t r i t e N ( B r em n e r  a nd Keeney 1 9 6 6 ) . To t a l N i n  

p l a n t  s amp l e s  w a s  d e t e rm i n e d  b y  a s a l i cy l i c  

a c i d - th i o s u l ph a t e  mod i f i c a t i o n  o f  the k j e l d a h l  m e thod 

{ B r emne r 1 9 6 5 a ) . 

7 . 2 . 2  Mod e l  pa r ame t e r i s a t i o n and c a l c u l a t i o n s  

F o r  p u r p o s e  o f  s i m u l a t i ng N t r an s f o rma t i o ns o v e r.  a t w o  

y e a r  p e r i od ( Ap r i l  1 9 7 8  t o  Ma r ch 1 9 8 0 )  the c r op s e a s o n  mod e l  

d e s c r i b ed i n  Cha p t e r  6 ,  n e e d s f u r th e r  d e v e l o pment s i nce i t  

d id n o t t a k e  a c c o un t  o f  the l o ng t e r m  chang e s  i n  s o i l  

o rg a n i c N f o l l o w i ng the p l o ugh i ng o f  pa�tur e .  
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7 . 2 . 2 . 1  M i n e r a l i sa t i o n o f  s o i l  o rg a n i c  N 

F o r  c a l c u l a t i ng d a i l y  amo u n t s  o f  N m i ne r a l i s ed (�)  
f r om n a t i ve s o i l  o r g a n i c  N pool , t h e  t o t a l  o rg a n i c  N i n  s o i l  

(�0 )  w a s  d i v i d ed betwe e n  a s ho r t -cyc l e  ( N0 1 ) and a 

l on g-cyc l e  (�0 2 ) o r g a n i c  N p o o l s .  Da i l y  � v a l ue s  we r e  

e s t ima t ed a s  

N 
-m = - = - t:. �o l  - 6 No 2  ( 7 .  1 )  

whe r e  t:. d e n o ted d a i l y c h a n g e  i n  amo un t s  o f  N .  T h e  

m i n e r a l i s a t i o n  r a te o f  the sho r t -cyc l e  o r g a n i c  N w a s  a s s umed 

t o  f o l l ow i r r e v e r s i bl e  f i r s t  o r d e r  k i ne t i c s  a nd tha t o f  t h e  

l o ng - cyc l e  o r g a n i c  N t o  app r o x i m a t e  a zero o r d e r  r a te 

equa t i o n . 

-dN I -o l d t  = B m l N o l  ( 7 .  2 }  

- t, � 2 = B M 2 ( 7 .  3 )  

wher e  B i s ,  a s  i n  c h a p t e r  6 ,  a r ed uc t i o n f a c t o r  t ha t  

acc o u n t s  f o r  s o i l  t empe r a t u r e  a n d  m o i s tu r e  e f fe c t s  o n  

m i n e r a l i s a t i o n  r a t e , m 1 i s  m i ne r a l i s a t i o n r a te c o e f f i c i e n t  

( d - 1 ) a t  opt imum c o nd i t i o n s  o f  so i l  tempe r a t u r e  a nd m o i s t u r e  

( B  = 1 }  f o r  the sho r t - cyc l e  o r g an i c  N p o o l ( N 0 1 ) ,  and M 2 i s  

a c o n s ta n t  r a te o f  m i n e r a li sati on ( kg N/ha/d ) a t  o p t i mum 

c o nd i t i o n s  o f  s o i l  t em pe r a t u r e  a nd m o i s t u r e  f r om t h e  

l o n g - c yc l e  o r g a n i c  N p o o l  (�0 2 ) .  

Nume r i c a l  v a l ue s  w e r e  e s t i m a t ed fo r t h e  N p o o l s  a nd 

p a r ame ter s i n  equa t i o n s ( 7 . 2 ) a nd { 7 . 3 )  u s i ng t h e  mea s u r ed 

d a t a  f r om p l o t  ( 2 )  whe r e  no N f e r t i l i z e r  wa s added . ( sec t i o n  

7 . 2 . 1) .  The t o t a l  amo u n t o f  N m i n e r a l i sed ( l: �) o v e r  t h e  2 

yea r  p e r i od ( Apr i l  1 9 7 8  t o  Ma rch 1 9 8 0 )  f r om so i l  o r g a n i c  N 

poo l  wa s e v a l u a ted a s s um i ng a n  e f f e c t i v e n e t  

m i n e r a l i s a t i o n ( ENM)  a s  i n  c h a p t e r  4 .  The amo un t  o f  ( E � )  
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over  t h e  p e r i od wa s c o n s i d e r ed equa l t o  the s um o f  t h e  

amo un t t a k e n  u p  by p l a n t s  a nd l ea ched i n  d r a i na g e  d u r i ng the 

p e r i od , i g n o r i ng any c h a ng e s  i n  n a t i ve s o i l  i n o r g a n i c  N 

c o n te n t .  

Ove r  the two yea r  pe r i od , p l a n t  up t a k e  by o n e  o a t  a n d  

t wo b a r l ey c r op s  amo u n t ed t o  abo u t  1 9 0  kg N/ha a rid the amo u n �  

o f  N m e a s u r ed i n  t i l e d i scha r g e  w a s  ab o u t  9 0  k g N/ha a nd t h u s  

a v a l ue o f  2 8 0  kg N/ha f o r  { L  �) ) wa s o b t a i ned . I f  c a l c u l a t e d  

a s  a n  a v e r a g e  d a i l y v a l ue o v e r  the two ye a r  per i od ,  t h i s 

a v e r a g e m i ne r a l i s a t i o n  r a te wo u l d  be ab o u t  0 . 4 kg N/ha . Th i s  

m i ne r a l i s a t i o n  r a te i s  n e a r  the lower r a nge o f  v a l ue s  

r epo r t e d  f o r  m i n e r a l i s a t i o n  r a te s  o f  o th e r  New Z e a l a nd 

c r o pp i ng s o i l s  [ sec t i on 2 A . 2 . 4 ( i i ) ] .  A h i g h e r  v a l u e  ( > 0 . 4  

k g N/h a /d a y ) wo u l d  be e xpec ted i f  the ab o v e  c a l c u l a t i o n s  h a d  

i nc l ud ed amo u n t s  o f  m i ner a l i sed N that c o u ld h a v e  b e e n  l o s t  

by d en i tr i f i c a t fo n , g a s e o u s  l o s s e s  fr om c r op f o l i ag e  t o  the 

a tm o s ph e r e , uptake by weed s a nd by d o wn w a r d  N movemen t 

bypa s s i ng d r a i n a g e  s y s t em .  

The amo un t  o f  ( L � ) eva l ua ted abov e , w a s  d i v i d ed 

b e t we e n  [ L (l�N0 1 ) ]  and [ L (l� N 0 2)] , the to t a l  n e t  amo u n t s  o f  N 

m i ne r a l i s ed f r om the s h o r t - c yc l e  a nd l o ng -cyc l e  o r g a n i c  N 

p o o l s  r e s p ec t i v e l y , o v e r  the 2 yea r pe r i o d . I t  wa s a s s umed 

tha t an e f fe c t i ve net amo u n t  of  N m i ne r a l i s ed a n n ua l l y f r om 

the l o ng -c yc l e  o r g a n i c  N po o l  wa s appr o x i1na t e l y  equa l to t h e  

amo u n t  o f  N t a k e n  u p  ( 6 0  kgN/h a )  b y  t h e  ba r l ey c r op o f  

1 9 7 9 - 8 0 .  
� 

1 2 0  kgN/h a . 

s h o r t - c yc l e  

d i f fe r e r1 c e  

p e r i od .  

F o r  the two ye a r  pe r i od , . [E (ll � 2 ) 1  wo u l d  

The t o t a l  amo u n t  

o r g a n i c  N poo l 

{ t N - [ E(ll N 2 ) ] } -ID -0 I 

o f  N m i ne r a l i sed 

[ L (6 �o l) l wa s the n 

a s  1 6 0  kgN/ha f o r  the 

thus be 

f r om t h e  

f o und by 

2 yea r  
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The m i n e r a l i s a t i o n c o e f f i c i en t ,  m 1 , f o r  the sho r t -cyc l e 

o r g a n i c  N p o o l , wa s e v a l ua ted by i n teg r a t i o n o f  e q u a t i o n  

( 7 . 2 ) . I n t eg r a t i o n and r e a r r a n g emen t o f  e qua t i o n  ( 7 . 2 ) 

g i ve s  

� N
o l  = �o l  [ e x p ( - Bm l ) - 1 ]  ( 7 .  4 )  

Assum i ng th a t  the sh o r t - cyc l e  o r g an i c  N p o o l  was r ed uced t o  

a sm a l l  amo un t ( � 2 0  kg N/ha ) b y  t h e  end o f  t h e  2 y e a r  pe r i od 

and u s i ng an  e s t ima ted a v e r age v a l ue f o r  B o f  0 . 2 ,  a v a l u e 

f o r  m l w a s  fo und a s  0 . 0 1 5  d - l . 

The c o n s t a n t  r a te o f  m i n e r a l i s a t i o n ( M 2 ) f r om the 

l o n g - c y c l e  o rg a n i c  N p o o l  was found as 0 . 8 2 2  kg  N /ha/d by 

us i n g i n  equa t i o n  ( 7 . 3 ) the e s t i m a ted t o t a l am o u n t  of N 

m i n e r a l i sed f r om th i s  p o o l  over the 2 yea r s  a nd the ave r ag e  

v a l ue f o r  B o f  0 . 2 .  

7 . 2 . 2 . 2 Ca l c u l a t i o n s  f o r  N m od e l  s i mu l a t i o n  

T h e  mod e l  c a l c u l a t i on s  w e r e  made e s s e n t i a l l y i n  the 

same manne r as  in  cha p t e r  6 ,  e x c ep t  for the m i n e r a l i s a t i o n 

o f  s o i l  o r g a n i c  N .  The mod e l  wa s i n i t i a l i s ed o n  4 Apr i l  

1 9 7 8 a nd r un c o n t i n uo u s l y  up t o  1 0  Ma r c h  1 9 8 0 , u s i ng d a i l y 

t ime s t eps . The so i l  wa t e r  s ub-mod e l  d e sc r i bed i n  c h a p t e r  5 

w a s  u s ed t o  e s t i m a t e  d r a i n a g e  a nd t r a n sp i r a t i o n . The se 

v a l ue s  we r e  the d a i l y i np u t s  f o r  the na t i ve s o i l  N mod e l  

tha t wa s u s ed to s im u l a te N t r a n s f o rm a t i o n s  i n  p l o t  ( 2 ) . To 

s imu l a te changes in f e r t i l i z e r  d e r i ved N a nd na t i v e  s o i l  N 

i n  p l o t  ( 1 ) , the sub-mod e l  fo r fe r t i l i ze r  d e r i v ed N w a s  r u n  

s e p a r a te l y  f o r  p e r i od ( 1 )  fo l l o w i ng fe r t i l i z er a d d i t i o n a nd 

the s i m u l a ted v a l u e s  we r e  a d d ed to the n a t i v e  s o i l  N 

s ub -m o d e l  a s  d e s c r i bed i n  chap t e r  6 .  
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Red uc t i on f a c t o r s ( B )  to a c c o u n t f o r  the env i r o nmen t a l  

v a r i a t i o n s  we r e  e s t i m a ted a s  d e s c r i b ed i n  cha p t e r  6 ,  f o r  

e a c h  m o n t h  o f  the e x pe r i men t a l  pe r i od u s i ng v a l ue s  o f  m e a n  

mon th l y  so i l  t empe r a t u r e  ( S T ) a n d  so i l  w a t e r  s t o r a g e  ( S S ) . 

The v a l u e s  o f  Bm 1 a n d  BM 2 f o r  u s e  i n  e q u a t i o n s ( 7 . 4 ) a nd 

( 7 . 3 ) we r e  c a l c u l a t ed f o r  eac� month a nd a s s umed t o  r em a i n  

c o n s t a n t  ove r a m o n t h  a s  the r e d u c t i on f a c t o r  wa s a v e r ag ed 

o v e r  t h e  mon th . Ta b l e  7 . 2 shows t h e s e  v a l u e s  t h a t  w e r e  u s ed 

i n  t h e  mod e l  c a l c u l a t i o ns . The v a l ue s  f o r  m od e l 

c o e f f i c i en t s , k .  1 a nd km , f o r  i mm ob i l i s a t i o n � m i n e r a l i s a t i o n 

o f  f e r t i l i z e r  d e r i v ed N w e r e  a l s o fo u nd by u s i ng r ed uc t i o n  

f a c t o r s  o n  ( k
x ) m v a l ue s  a s  d e sc r i b ed i n  chap t e r  6 a n d  the s e  

v a l ue s  a r e  shown i n  T a b l e  7 . 3 .  

The v a l u e s  o f  p l a n t  up t a k e  c o e f f i c i e n t  d e t e r m i ned i n  

ch a p t e r  6 f o r  the t h r ee c r op-d e v e l o pmen t p e r i od s  o f  a b a r l ey 

c r op , we r e  u s ed f o r  the b a r l ey c r o ps g r ow n  d u r i ng the t r i a l  

p e r i od .  F o r  t h e  w i n te r  o a t  c r op , t h e  c r opp i ng s e a s o n  w a s  

d i v i d ed i n to two per i od s ,  a n d  the " f u l l - c r op-c o v e r " w a s  

t a k e n  a s  t h e  c r o p phen o l og i c a l  s t a g e  d i v i d i ng the s e  p e r i od s . 

The v a l ue s  o f  p l a n t  up t ake c o e f f i c i e n t s  d e te rm i ned f o r  

p e r i od s  ( 1 ) a nd ( 2 )  f o r  b a r l ey we r e  u sed f o r  t h e  two p e r i od s  

o f  w i n te r  o a t  c r op . The d a t e s  i n  wh i ch t h e  pe r i od s s t a r t e d  

a nd e nd e d  ( Ta b l e  7 . 1 ) w e r e  a s s e s s ed by v i s u a l  ob s e r v a t i on . 

L e a c h i ng l o s s e s  o f  n a t i v e  s o i l  N a n d  f e r t i l i ze r  d e r i v ed N 

w e r e  c a l c u l a ted a s  d e s c r i b ed i n  c h a p t e r  6 .  

7 . 3  MOD E L  VER I F ICA T I O N 

7 . 3 . 1  D r a i n a g e a nd l e ach i ng l o s se s  o f  N 

Cumu l a t i v e d r a i n a g e  p r ed i c t ed u s i ng the so i l  wa t e r  

b a l an c e  s ub -mo d e l  a nd t h e  mea s u r ed v a l ue s  o f  t i le d i sch a r g e  
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T a b l e  7 . 2 Va l u e s  o f  m od e l  c o e f f i c i e n t s  u sed i n  mod e l  

s im u l a t i o n  o f  N t r a n s f o r m a t i o n s  o c c u r r i ng i n  a l a rg e  sc a l e  

f i e l d  t r i a l , d u r i ng a t w o  y e a r  p e r i o d . 

-------------------------

Y e a r  a nd S T  s s  B B ,�l . 2 

m o n th c mm kg N/ha/d 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 9 7 8 

Apr i l  1 6 . 4 - 9 7  0 . 0 2 2  0 . 0 1 8 1 - 0 . 0 0 0 3  0 . 0 0 1 1 

Hay 1 2 . 1 "') "">  - ..) .)  0 . 2 8 2  0 . 2 3 1 8  - 0 . 0 0 4 2 0 . 0 1 5 0  

Ju ne 9 . 4 - 1 0  0 . 1 7 3  0 . 1 4 � 2  - 0 . 0 0 2 6  0 . 0 0 9 0  

J u l y  8 . 6  - 1  0 . 1 3 1  0 . 1 0 7 7  - 0 . 0 0 1 9 0 . 0 0 6 8 

Aug u s t  9 . 2 - 2  0 . 1 6 3 0 . 1 3 4 0 - 0 . 0 0 2 4  0 . 0 0 8 5  

S e p t em b e r  1 1 . 1 - 5  0 . 2 6 3  0 . 2 1 6 2  - 0 . 0 0 3 9  0 . 0 1 4 0  

Oc tobe r 1 2 . 7 - 8  0 . 3 4 8  0 . 2 8 6 0  - 0 . 0 0 5 2  0 . 0 1 8 0 

N o v emb e r  1 5 . 2 - 1 9 0 . 4 8 1 0 . 3 9 5 3  - 0 . 0 0 7 1  0 . 0 2 5 0 

De c emb e r  1 8 . 0 - 9 4  0 . 0 5 0  0 . 0 4 1 1  - 0 . 0 0 0 7  0 . 0 0 2 6  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 9 7 9  

J a n u a r y  1 9 . 2  - 1 1 0 0 . 0 0 0  0 . 0 0 0 0  - 0 . 0 0 0 0  0 . 0 0 0 0  

Feb r u a r y 1 8 . 8 - 1 2 3  0 . 0 0 0 0 . 0 0 0 0  - 0 . 0 0 0 0  0 . 0 0 0 0 

M a r c h 1 8 . 3 - 9 2  0 . 0 6 9  0 . 0 5 6 7  - 0 . 0 0 1 0  0 . 0 0 3 6  

Apr i l 1 5 . 4 - 2 2 0 . 4 9 1  0 . 4 0 3 6  - 0 . 0 0 7 3  0 . 0 2 6 0  

May 1 2 . 2 - 2  0 . 3 2 2  0 . 2 6 4 7  - 0 . 0 0 4 8 0 . 0 1 7 0  

June 1 0 . 1  - 3  0 . 2 1 0  0 . 1 7 2 6  - 0 . 0 0 3 1  0 . 0 1 1 0  

Ju l y  9 . 2  - 6  0 . 1 6 3  0 . 1 3 4 0  - 0 . 0 0 2 4  0 . 0 0 8 5  

Aug u s t  9 . 3  - 1  0 . 1 6 8  0 . 1 3 8 1  - 0 . 0 0 2 5  0 . 0 0 8 7  

Septembe r 1 1 . 4 - 3  0 . 2 7 9  0 . 2 2 9 3  - 0 . 0 0 4 1 0 . 0 1 5 0  

Oc tobe r 1 2 . 7  - 7  0 . 3 4 8  0 . 2 8 6 0  - 0 . 0 0 5 2  0 . 0 1 8 0  

November 1 6 . 0  - 8  0 . 5 2 3  0 . 4 2 9 9  - 0 . 0 0 7 8  0 . 0 2 7 0 

Decemb e r  1 7 . 9  - 1 2  0 . 6 2 4  0 . 5 1 2 9  - 0 . 0 0 9 3  0 . 0 3 3 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - -

1 9 8 0 

Jan u a r y  1 8 . 8  - 4 2 0 . 5 1 9  0 . 4 2 6 6 - 0 . 0 0 7 7  0 . 0 2 7 0  

Febr u a r y  1 9 . 5  - 1 0 7  0 . 0 0 0  0 . 0 0 0 0  - 0 . 0 0 0 0  0 . 0 0 0 0  

Ma rch 1 6 . 5 - 9 7  0 . 0 2 2  0 . 0 1 8 1  - 0 . 0 0 0 3  0 . 0 0 1 1  
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Tab l e  7 . 3 Immob i l i s a t i o n  - m i n e r a l i s a t i o n  c o e f f i c i en t s  f o r  

f e r t i l i z e r  N s ub -mod e l . 

( k
x ) m v a l ue 

B a r l e y  c r op 1 9 7 8  

O c t o b e r  

Novemb e r  

B a r l e y  c r op 1 9 7 9  

Novembe r 

Decemb e r  

Red u c t i o n  I mm ob i l i s a t i o n  M i n e r a l i s a t i o n 

f a c t o r  c o e f f i c i e n t  c o e f f i c i e n t  

. 
d - 1 

1 . 0 0 . 1 4 6  0 . 0 3 0  

0 . 3 4 8  0 . 0 5 1  0 . 0 1 0  

0 . 4 8 1 0 . 0 7 0  0 . 0 1 4  

0 . 5 2 3  0 . 0 7 6  0 . 0 1 5  

0 . 6 2 4  0 . 0 9 1  0 . 0 1 8  



P a g e  1 4 3  

f r om p l o t s  ( 1 ) a nd ( 2 )  a r e  s h o v.m i n  F i g .  7 . 1 .  I n  the 

m e a s u r ed d a ta , up to 2 0 %  v a r i a t i o n  e x i s t s b e t w e e n  p l o t s  ( 1 )  

a nd ( 2 ) a t  a n y  o n e  t ime . The m od e l  p r ed i c t i ons a r e  i n  g o od 

a g r e em e n t  w i th t h e  me a s u r ed d a t a , a nd a r e  w i th i n  t h e  

m e a s u r emen t v a r i a t i o n . P a r t  o f  th i s  v a r i a t i o n b e t w e e n  p l o t s  

i n  t h e  m e a s u r ed d r a i n ag e ,  c o u l d  h a v e  b e e n  c a u s e d  d u e  t o  

i ne f f e c t i v e mo l e  d r a i n a g e  i n  p l o t  ( 2 ) , a s  e x p l a i n ed i n  

cha p t e r  6 .  

T h e  r e s u l t s  i nd i c a t e tha t the so i l  wa t e r  b a l a n c e  

m e t h o d , wh i ch d o e s  n o t  t a k e  i n to acco u n t  p r e f e r e n t i a l  

m o v eme n t  o f  wa t e r  th r o u g h  s o i l  c r a c k s  and b i o gen i c  c h a n n e l s ,  

c a n  p r ed i c t  t i l e d i s ch a r g e  w i th r e a s o n a b l e ac c u r a cy u nd e r  

t h e s e s i t e c o nd i t i o n s . 

M e a s u r ed am o u n t s  o f  N i n  t i l e d i s cha r g e  and the mod e l  

v a l ue s  f o r  N l e ach i ng l o s s e s  a r e  shown i n  F i g . 7 . 2 . I n  

g e ne r a l , t h e  mod e l  v a l ue s  a r e  i n  r e a s o n ab l e  ag r eeme n t  w i th 

the mea s u r ed amo u n t s  o f  N l e a ched . C l o s e r  i n spec t i o n  of  the 

p r ed i c t ed and mea s u r ed v a l u e s  i nd i c a te tha t ,  i f  d r a i n a g e  

d u r i ng a n y  d a y  e x c eeds abo u t  1 5  mm ,  t h e  mea s u r ed amo u n t  o f  N 

l e ached i s  a l wa y s  l owe r t h a n  tha t p r ed i c ted . I t  i s  po s s i b l e  

t h a t  t h e  " r e p r e s e n ta t i v e "  s amp l i ng me thod f o r  t i l e d i sch a rg e  

me a s u r emen t  c o u l d  h ave u nd e r e s t ima t ed t h e  N l o s s e s i n  

d r a i n a g e  v1h e n  a l a rg e  amo u n t  o f  t i l e f l ow { > 1 5  mm )  occ u r r ed 

d u r i ng a n y  s i ng l e  d a y . 

· 7 . 3 . 2  C r o p  u p t ak e  o f  N a nd the s o i l  i no r g an i c  N 

The mea s u r ed and s i mu l a t ed v a l ue s  f o r  the amo u n t s  o f  N 

t a k e n  up b y c r ops g r own i n  p l o t s  ( 1 ) a nd ( 2 )  a r e  shown i n  

F i g . 7 . 3 . The mod e l  p r ed i c t s  r e a s onab l y  w e l l  N u p t a k e  b y  t h e  

t w o  b a r l ey c r ops . The mea s u r ed v a l ue s  fo r N u p t a k e  by 
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b a r l e y  c r o p s  a pp e a r t o  d e c l i ne a f ter  a bo u t  1 0  t o  l l  we e k s  o f  

c r op g r o w t h , d u r i ng b o th ye a r s  and o n  bo th p l o t s � b u t  i n  

y e a r  1 9 7 8 - 7 9 ,  the d e c l i ne wa s n o t  s t a t i s t i c a l l y  s i g n i f i c a n t , 

p r obab l y  d ue to l a r g e  v a r i a n c e  a s s o c i a ted w i th the mea s u r ed 

d a t a . 

I t  i s  o f  i n be r e s t  to c ompa r e  the p r ed i c ted v a l ue s  f o r  N 

u p t a k e  by b a r l e y  c r op s s hown i n  F i g . 7 . 3 ,  w i th tho s e  i n  

F i g s .  6 . 4  a nd 6 . 5 . Du r i ng b o th ye a r s  ( 1 9 7 8 - 7 9  a nd 

1 9 7 9 - 8 0 ) , the a g r eem e n t  b e tween mea s u r ed and pred i c t ed 

v a l ue s  i s  b e t t e r  i n  F i g . 7 . 3 than i n  F i g s . 6 . 4 a nd 6 . 5 . 

Th i s  b e t t e r  ag r e em e n t h a s  r e s u l t ed pa r t l y  d ue t o  the f a c t  

tha t ,  i n  t h e  mod e l  s im u l a t i o n s , d i f fe r e n t  v a l ue s  f o r  the 

so i l  amm o n i um a nd n i t r a te c o n te n t  were u s ed t o  i n i t i a l i s e 

the mod e l s .  F o r  the s irn u l a t i o n s  shown i n  F i g s . 6 . 4 a nd 

6 . 5 ,  a c t u a l  meas u r e d  v a l u e s  f o r  the s o i l  ammon i um a nd 

n i t r a te c o n tent ( s ee F i g s . 6 . 7  a nd 6 . 8 ) we r e  u s ed t o  

i n i t i a l i s e t h e  c r op s e a s o n  mod e l  ( Ch a p t e r 6 ) ; wher e a s , f o r  

t h e  s im u l a t i o n s  s h o w n  i n  F i g . 7 . 3 ,  p r e d i c t e d  v a l u e s  ( s ee 

F i g s . 7 . 4  a nd 7 . 5 ) we r e  u s ed , s i nc e  the l o n g - t e rm mod e l  was  

i n i t i a l i s ed in  week 12 o f  1 9 7 8 .  

I n  c ompa r i s o n  w i t h the i n i t i a l  ( mea s u r ed ) v a l u e s  o f  

s o i l  ammo n i um a nd n i t r a te t h a t  we r e  u s ed i n  t h e  c r o p  s e a s o n  

mod e l , t h e  i n i t i a l  ( p r ed i c t ed ) v a l ue s  u s ed i n  t h e  l ong - t e rm 

mod e l , w e r e  h i g h e r  f o r  1 9 7 8 - 7 9  s e a s o n  a nd l ow e r  f o r  1 9 7 9 - 8 0  

s e a s o n . As a r e s u l t ,  the l o ng - t e rm mod e l  p r ed i c t s  h i g h e r  

p l a n t  N u p t a k e  f o r  1 9 7 8 - 7 9  b a r l e y c r op ,  a nd l ower p l a n t  N 

up t a k e  f o r  1 9 7 9 - 8 0  b a r l e y  c r o p ,  than p r ed i c te d  by the c r o p  

s e a s o n  mod e l . Th i s  c ompa r i s o n  pr ov i d e s  ev i d ence th a t  t h e  

mod e l  p r ed i c t i o n o f  p l a n t  N u p t a k e  i s  qu i t e s e n s i t i v e to t h e  
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i n i t i a l  v a l ue s  o f  s o i l  ammon i um a nd n i t r a te tha t a r e  u s ed t o  

i n i t i a l i se the mod e l . 

F o r  the o a t  c r o p  g r o wn d ur i ng 1 9 7 9 ,  the mod e l  

p r ed i c t i o ns o f  N u p t a k e  ag r ee we l l  w i th t h e  me a s u r e d  v a l ue s  

a f t e r  t h e  f i r s t  1 4 w e e k s  o f  c r o p g r owth . Du r i ng t h e  f i r s t  

1 4 week per i od wh i ch i s  appr o x ima t e l y  the p e r i od ( l )  

c o n s i d e r ed i n  mod e l  s im u l a t i o n , the m od e l  p r ed i c t i o n s  o f  N 

u p t a k e  a r e  und e r e s t ima t e s  c ompa r ed w i th the mea s u r ed v a l ue s . 

Th i s  i nd i c a te s  tha t a s i ng l e  v a l u e  o f  0 . 0 2 8  mm- 1 f o r  the 

u p t a k e  c o e f f i c i e n t  k p f o r  the pe r i od ( l )  i s  not a d equa te . 

B y  i n s pec t i o n  o f  m ea s u r ed d a t a , i t  appe a r s  tha t the mod e l  

p r ed i c t i o n s  fo r N u p t a k e  b y  o a t  c r o p , c o u ld b e  i mp r o v ed i f  

p e r i od ( 1 )  i s  s ubd i v i d ed a n d  a h i g h e r  v a l u e  ( > 0 . 0 2 8  mm- 1 ) 

f o r  k p  i s  u s ed f o r  the f i r s t  par t and a l owe r v a l ue f o r  k p 

( < 0 . 0 2 8  mm- 1 ) f o r  the s e c o nd pa r t .  Th i s  c o u ld n o t  b e  

j u s t i f i ed i n  t h e  p r e s e n t  mod e l  d ue t o  l ac k  o f  e x per i me n t a l  

d a t a  o n  s o i l  a n d  p l a n t  pa r ame t e r s . 

The meas u r ed amo u n t s  a nd s i mu l a t ed v a l ue s  o f  i no r g a n i c  

N i n  s o i l s o f  p l o t s  ( 1 )  and ( 2 )  a r e  shown i n  F i g . 7 . 4  f o r  

amm o n i um N a nd F ig . 7 . 5  f o r  n i t r a te N .  A s  d i s c u s s ed i n  

cha p t e r  6 ,  n o  c og n i z a n c e  wa s taken i n  the m od e l  s imu l a t i o n , 

o f  the po s s i b l e  e f f ec t s  o f  ' pr im i ng ' and ' d e s i cc a t i o n ' o n  

t h e  s o i l  o r g a n i c  N m i n e r a l i sa t i o n  a n d  the r e fo r e  a g o od 

a g r e eme n t  b e tween m e a s u r ed a nd p r ed i c ted v a l ue s  f o r  ammo n i um 

a nd n i t r a te l ev e l s  i n  s o i l ,  c o u l d n o t be expe c ted . Howev e r ,  

a g e n e r a l  c ompa r i s o n  o f  me a s u r ed and p r ed i c ted v a l ue s  

i nd i c a te s  tha t ag r eemen t f o r  n i t r a te v a l ue s  i s  b e t t e r  than 

for  am�o n i um v a l ue s . The mea s u r ed ammo n i um N c o n ten t i n  

s o i l s  o f  b o th p l o t s  wa s c o n s i s t e n t l y  h i g h e r  th r o ug h o u t  the 
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w i n t e r  s e a s o n  o f  1 9 7 9  t h a n  i t  w a s d u r i ng the p r e v i o u s  w i n t e r  

s e a s o n . Th i s  d i f fe r e n c e  wa s n o t  e x pec ted a s  the p l o t s  we r e  

f a l l ow d u r i ng the w i n t e r  o f  1 9 7 8  a n d  we r e  i n  a n  o a t  c r op 

d u r i ng the w i n t e r  o f  1 9 7 9 .  Cu l t i v a t ed so i l s  i n  tempe r a t e 

r e g i o n s  g e n e r a l l y  co n t a i n  a f a i r l y  con s t a n t  and l ow c o n t e n t  

o f  amm o n i um N ( Ru s s e l l  1 9 7 3 ) . Whe the r i t  i s  ma i n l y  t h e  

mod e l  o r  the m e a s u r em e n t th a t  i s  i n  e r r o r  i n  th i s  c a s e  i s  

n o t  c l ea r . 

I n  g en e r a l , the N s i mu l a t i o n mod e l , a l th o ug h  s impl e i n  

d e s i g n , i �  r e a s o n � b l y  a c c u r a te i n  i t s  p r ed i c t i o n  o f  N 

l ea c h i n g l o s s e s  i n  t i l e  d i scha r g e  and N u p t a k e  by c r ops  o v e r  

t h e  t wo y e a r  per i od s t u d i ed . 

7 . 4  D I SC U S S I O N  

S t ud i e s  o n  the n i t r a t e po l l u t i o n  o f  s u r f a c e  wa t e r  o f t e n  

e x pr e s s  n i t r a te c o n t e n t  a s  n i t r a te c o n c e n t r a t i o n ,  s i nc e  i t  

i s  the n i t r a te c o n c e n t r a t i o n a nd no t amoun t s  tha t a r e  u s ed 

a s  the c r i t er i a  f o r  the s u i t ab i l i ty o f  p o t a b l e  wa t e r . T h e  

mod e l  p r e s e n ted i n  th i s  c h a p t e r  sa t i s fa c to r i l y pr ed i c te d  t h e  

amo u n t s  o f  n i t r a te N d i scha r g ed f r om t i l e d r a i ned c r o p l a nd 

( F i g . 7 . 2 ) under  c o nd i t i o n s  o f  d i f fe r en t  N s ta tu s . The s e  

amo u n t s  c a n  r e ad i l y be c o n v e r t ed t o  n i t r a te c o n c en t r a t i on s  

k n ow i ng d r a i nag e v o l umes tha t a r e . a l s o p r ed i c ted b y  t h e  

mod e l . The s im u l a t ed and mea s u r ed n i t r a te c o nce n t r a t i on s  i n  

t i l e d i scha r g e  d u r i ng 1 9 7 8  a r e  shown
' 

i n  F i g . 7 . 6 . Th e mod e l , 

i n  g e n e r a l , p r ed i c t s  r e a s o na b l y  w e l l  the n i t r a te 

concen t r a t i ons i n  t i l e d i scha r g e  e f f u s i ng f r om b o th N 

f e r t i l i z ed a nd u n fe r t i l i z ed p l o t s . Howeve r ,  s om e  

d i f fe r e n c e s  i n  p r ed i c ted and mea s u r ed v a l ue s  d o  e x i s t a nd 

t h e s e  d i f fe r e nces r e l a te to two mod e l  a s s umpt i o n s : 
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( i )  T h e  mod e l  a s s ume s t h a t  d r a i n a g e  d o e s  n o t  o c c u r  

u n t i l  t h e  s o i l  w a t e r  s t o r a g e r e a c h e s ' f i e l d  c a pa c i t y ' . I n  

p r a c t i c e , th i s  a s s u mp t i o n d o e s  n o t h o l d  a s  sma l l  a mo u n t s  o f  

wa t e r  d r a i n  p r e f e r e n t i a l l y  t h r o ug h  c r a c k s  a nd c ha n n e l s 1 n  

t h e  s o i l , e v e n  be f o r e  t h e  s o i l  wa t e r  s t o r ag e  r e a c h e s ' f i e l d  

c a p a c i ty '  ( Th om a s  a n d Ph i l l i p s  1 9 7 9 ;  Wh i t e e t  a l  1 9 8 3 ) . 

Sm a l l  amo u n t s  o f  d r a i n a g e r a n g i ng b e t w e e n  0 . 7  t o  3 . 8  mm w e r e  

me a s u r ed d ur i ng t h r e e  s t o r m  pe r i o d s  p r i o r  t o  d a y  1 7 8  

( F i g . 7 . 1 ) . T h e  m o d e l  d i d n o t  p r ed i c t th e s e  d r a i n ag e f l o w s  

s i n c e  i t  p r ed i c t ed t h a t p r i o r  t o  d a y  1 7 8 , t h e  s o i l  w a t e r  

s t o r a g e  d i d n o t  r e a c h  ' f i e l d c a p a c i t y ' . The s e  s t o rm p e r i od s  

o c c u r r ed o n  d a y s  1 1 0  t o  1 1 4 , 1 3 5  t o  1 3 9  a nd 1 7 4  t o  1 7 6  w h e n  

r a i n f a l l  amo u n t e d  t o  1 0 5 ,  3 7  a nd 2 2 mm a nd d r a i n a g e m e a s u r e d 

amo un t ed t o  0 . 7 ,  3 . 3 a n d  3 . 8  mm r e s p e c t i v e l y . He a s u r ed 

n i t r a t e  c o n c e n t r a t i o n s  i n  t i l e d i s c h a r g e  d u r i ng t h e s e  

d r a i n a g e  e � en t s  a r e  s h o wn i n  F i g . 7 . 6 .  As amo u n t s  o f  

d r a i n a g e  w e r e  sma l l , t h e  N l o a d s  i n  t i l e  f l ow w e r e  sma l l  a nd 

a lm o s t  n eg l i g i b l e . 

( i i )  The mod e l  a s s um e s  t h a t , wh e n  t h e  s o i l  wa t e r  

s t o r a g e  i s  a t  ' f i e l d c ap ac i t y ' , a n y  e x ce s s  r a i n f a l l , o v e r  

e v a p o t r a n s p i r a t i o n , wo u l d  l ea v e  t h e  s o i l  p r o f i l e  a s  d r a i n a g e 

w i th i n  t h e  s am e  c a l e nd e r  d ay ,  a s  t h e  m o d e l  o u t p u t  i s  o n  a 

d a i l y b a s i s .  N i t r a t e l e a c h i ng l o s s e s  we r e ,  the r e f o r e , 

p r ed i c te d  w i th t h e  m o d e l  o n  a d a i l y b a s i s  a s  sh o w n  i n  

F i g . 7 . 6  ( i ) . On s e v e r a l  o c c a s i o n s , d e p e nd i ng upo n t h e  

i n t e n s i ty o f  r a i n f a l l ,  the m e a s u r ed t i l e f l o w o c c u r r ed f o r  

mo r e  th a n  a d ay ; b u t  t h e  m od e l  t o o k  n o  a c c o un t o f  th i s  

t im e - l ag i n  t i l e f l ow .  The me a s u r e d  v a l ue s  f o r  n i t r a t e 

c o n c e n t r a t i o n s  i n  t i l e  f l o w , a s  s h o w n  i n  F i g . 7 . 6  ( i i )  a nd 
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( i i i ) , a r e  t h u s  d i s t r i b u t ed o v e r  s e v e r a l  d a y s . The me a s u r e d  

v a l u e s  a r e  o n l y av e r a g e  n i t r a t e c o n c e n t r a t i o ns mea s u r ed i n  

' r e p r e s e n t a t i v e ' s a m p l e s . 

I n  g e n e r a l , t h e  m e a s u r ed and p r ed i c te d  d a t a  i n  F i g . 7 . 6 

i nd i c a te t h a t  n i t r a t e c o n c e n t r a t i o n s  i n  t i l e  e f f l ue n t  

u s u a l l y  e x ce ed 1 5  t o  2 0 mg N / l i t r e , r eg a r d l e s s  o f  f e r t i l i z e r  

add i t i on . The a dd i t i o n  o f  f e r t i l i z er  N a t  l O O  k g N/h a , 

i n c r e a s e d  t h e s e  l e v e l s  two - f o l d  b u t  on l y  f o r  a sho r t  t i me . 

S im i l a r r e s u l t s  w e r e  r e po r t e d  by C o o k e  ( 1 9 7 6 )  f o r  

B r i t i sh s o i l s  u nd e r  c r opp i n g .  He  r ep o r ted tha t d r a i n ag e 

f r om i n t en s i v e l y  m a n a g ed a r a b l e  l a nd o f t e n  c o n t a i ned , o n  

a v e r a g e  o f  a y e a r ' s  f l ow ,  1 0 - 1 5 mg N /l i t r e . A t  some pe r i od s 

o f  the ye a r , c o nc e n t r a t i on s  we r e  much l a r g e r  ( up t o  9 0  

mg N / l i t r e )  f o r  s h o r t  pe r i od s d u e  t o  f e r t i l i z er  add i t i o n s . 

Rev i e w i ng the r e s u l t s f o r  s o i l s  i n  U S A , Ke e n e y  ( 1 9 8 2 )  

c o n c l u d ed tha t ,  f o r  many c r o p s , w i th g o od ag r o nom i c  

p r a c t i c e s  a nd p r o f i t a b l e  p r od uc t i on ,  abo u t  2 0  mg/ l i t r e  o f  

n i t r a t e  N i n  d r a i n a g e  e f f l ue n t  may b e  the b e s t  ach i e v ab l e .  

F u r the rmor e ,  s uch h i g h  n i t r a t e c o n c e n t r a t i o ns i n  d r a i n a g e  

e f f l ue n t  m a y  be o f  l i t t l e  s i g n i f i c a n c e  i f  the t i l e  e f f l ue n t  

e n t e r s , sho r t l y a f t e r  d i sc h a rg e , i n to l a r g e r  vo l um e s  o f  

wa t e r  f l ow o f  l ow n i t r a te c o n t e n t  ( Ma c Ke n z i e a nd V i e t s  

1 9 7 4 ) . 

The mod e l  p r e se n ted i n  th i s  c h ap t e r  i s  c a pa b l e  o f  

p r ed i c t i ng the N l o ad s a s  we l l  a s  t h e  N c o n c e n t r q t i o n s  i n  

t i l e d r a i n  e f f l u e n t and th u s  wo u l d  be u s e f u l  i n  

e n v i r o nme n t a l  p o l l u t i o n a s s e s smen t s  whe r e  c a tchm e n t  wa t e r s  

a r e  i n f l ue nc ed b y  t i l e d r a i n  d i sc ha r g e .  
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T he m e a s u r ed a nd s i m u l a ted d a t a i n  F i g . 7 . 2  f o r  N 

l e a c h i n g l o s s e s i nd i c a t e  t h a t N l o s s e s  d u r i n g 1 9 7 9  w e r e  

n e a r l y  5 0 %  l e s s  t h a n  i n  1 9 7 8 ;  a l t h o ugh s i m i l a r  amo u n t s  o f  

d r a i n a g e we r e  mea s u r ed d u r i ng t h e  two ye a r s  ( F i g . 7 . l ) . Th i s  

w a s  pa r t l y  d u e  t o  t h e  f a c t  th a t  the l a nd w a s  u nd e r  f a l l ow 

c o n d i t i o n s  d u r i ng t h e  w i n t e r  o f  1 9 7 8 ,  b u t  w a s c r o pped w i t h a 

w i n t e r  o a t s  d u r i ng 1 9 7 9 .  T h e  o a t  c r op , by t a k i ng up t h e  

m i n e r a l i s e d  so i l  N ,  s h o u l. d  h a v e  con t r i b u t ed t o  t h e  r ed u c ed N 

l e a c h i ng l o s s e s . H o w e v e r ,  t h e  m a g n i t u d e  o f  th i s  ' s c a ve ng i ng 

e f f e c t ' o f  the c r o p  o n  N l e ach i ng l o s s e s  c a n  n o t  be f u l l y 

e v a l u a t ed d u e t o  the c o n fo u n d i ng e f fec t o f  d i f f e r e n t . y e a r s . 

The s o i l d u r i n g 1 9 7 9 w a s o n e y e a r  f u r t h e r  a w a y  f r om the 

p a s t u r e  pha s e  than i t  wa s d u r i ng 1 9 7 8 .  

I n  o rd e r  t o  b e t t e r  ev a l u a t e the b e n e f i t  o f  g r ow i ng a 

c r o p  d u r i ng t h e  w i n t e r  s e a s o n , the mod e l  d e s c r i b ed i n  t h i s  

c h a p t e r , w a s  u s ed t o  s i mu l a te N t r a n s f o rm a t i o n s  i n  the 

c o n t r o l  p l o t  d u r i ng 

wa s e i th e r  f a l l ow 

s i m u l a t i on r u n  a r e  

the w i n te r  o f  1 9 7 9 ,  a s s um i n g  t h e  p l o t  

o r  c r o pped . The r e s u l t s  o f  th i s  

shown i n  F i g . 7 . 7 . The p r ed i c t ed N 

l e a c h i ng l o s s e s  und e r  f a l l o w  c o nd i t i o n s  a r e  tw i c e  a s  much a s  

u n d e r  c r o pp i ng c o nd i t i o n s . The s im u l a te d  amou n t  o f  

d r a i n a g e , h oweve r , r em a i n ed t h e  s am e  ( 3 3 4  mm )  u nd e r  b o th 

f a l l ow a n d  c r o pp i ng c o nd i t i o ns , s i nc e  ev a p o t r a n sp i r a t i o n  

u n d e r  b o th c o nd i t i o n s  pr o c e ed ed a t  the 

t h e r e f o r e  r ema i ned t h e  s am e . Thus , 

p o t e n t i a l  r a t e  and 

u n d e r  New Z e a l a nd 

c o nd i t i o n s , a w i n t e r  c r o p  m i g h t  n o t  reduc e , t h e  amo u n t o f  

d r a i n ag e , b u t  i t  c o u l d  r ed uc e  the N l e ac h i ng l o s se s  by 

r em o v i ng N f r om s o i l  s o l u t i o n  wh i c h  o the r w i s e c o u l d  be 

l e ac h e d . The a b i l i t y o f  c r ops t o  r e d u c e  N l e a ch i ng l o s s e s  
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by t a k i ng u p  N f r om s o i l  s o l u t i o n , h a s  a l s o  be en r e p o r ted by 

O l s o n e t  a l  ( 1 9 7 0 ) a n d  Ke e n e y  ( 1 9 8 2 ) . 

S i mu l a t i o n  app r o a c h e s  u s ed t o  mod e l  m i n e r a l i s a t i o n o f  

so i l  o r g an i c  m a t t e r  v a r y . S imp l e m od e l s ( e . g . , G r e e n l a nd 

1 9 7 1 )  d e sc r i b e  the ch a ng e  i n  to t a l  so i l  N w i th a s i mpl e  

f i r s t - o r d e r  r a t e  equ a t i o n . Mo r e  compl e x  mod e l s  (e . g . ,  

F r i s s e l  a n d  v a n  Ve e n  1 9 8 1 ) , c o n s i d e r m i n e r a l i s a t i o n  o f  s o i l  

o rg a n i c  ma t t e r  by d i v i d i n g  the so i l  o r g a n i c  m a t t e r  i n to 

s e ve r a l  c a rb o n  ( C )  a nd n i t r og e n  ( N )  po o l s .  S i nce d a t a f o r  

a l l  t h e  C a n d  N p o o l s  a r e  n o t  u s ua l l y a v a i l ab l e ,  i t  i s  

d i f f i c u l t  to c a l i b r a te a n d  v e r i f y s u ch c omp l e x  m o d e l s .  

H e n c e , s uch c omp l e x  mod e l s  h a v e  l im { ted u s e . I n  the 

l o n g - t e rm mod e l  d e s c r i b ed in  th i s  c h a p t e r ,  m i n e r a l i s a t i o n o f  

s o i l  o r g a n i c  m a t t e r  wa s d e s c r i bed by z e r o - o r d e r  a nd 

f i r s t - o rd e r  c h em i c a l  k i ne t i c s  o n  l o n g - c yc l e  a nd s h o r t - cyc l e  

o r g a n i c  N p o o l s  r e s p ec t i v e l y . The o v e r a l l  good a g r eemen t  

b e tw e e n  mod e l l ed a nd me a s u r ed v a l u e s  f o r  l e a c h i ng a nd p l a n t  

u p t a k e  i nd i c a te tha t  th i s  appr o a c h  h a s  po te n t i a l  f o r u s e  i n  

s imp l e  mode l s . 

The ag r i c u l tu r a l  m a n a g emen t p r a c t i c e s  t h a t h a v e  b e e n  

p r o p o s ed f o r  m i n im i s i ng N l o s s e s  f r om c r o p l a nd a nd 

m a x im i s i ng N e f f i c i e n c y , a r e  ma n y  a n d  d i v e r s e , a nd a r e  we l l  

s umm a r i s ed by  Ke e n ey ( 1 9 8 2 ) . E v a l u a t i o n o f  the 

e f f ec t i v ene s s  o f  a l l  th e s e  p r ac t i c e s in  New Z e a l a n d , wo u l d  

r e q u i r e  e l ab o r a t e e x p e r i m e n t a t i o n r eq u i r i ng t ime a nd m o riey . 

N mod e l  s im u l a t i o n s  f o r  c r o pp i ng sys tems i n  wh i c h  m a n a g em e n t  

p r ac t i ce s  a r e  v a r i ed ,  c o u ld c omp l eme n t  e f f o r t s  t h a t  a r e  

d i r ec ted a t  a l t e r i n g the e x i s t i ng m a n a g em e n t  p r a c t i c e  i n  

o rd e r  to m i n im i se N l o s s e s  a n d  m a x im i s e  N e f f i c i e nc y . Fo r 
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e x amp l e , d u r i ng w i n t e r  t h e  amo u n t s  o f  N l i k e l y  to be l e a c h ed 

f r om a s o i l und e r  v a r i o u s  c r opp i ng p r � c t i c e s  ( i nc l ud i n g 

f a l l o w )  c a n  be s i m u l a ted , and d e pend i ng o n  o n e ' s  ob j e c t i v e s , 

t h e  m o s t  p r om i s i n g p r a c t i c e s  c a n  then be s e l e c t e d  a n d  

e x p e r imenta t i o n  c a n  be mo r e  s e l ec t i v e . The mod e l  d e s c r i be d  

i n  th i s  cha p t e r  c o u l d  be a d a p ted t o  me e t  s uch req u i r em e n t s . 

7 . 5  C O NC L U S I O N S  

The model p r e s e n ted in  th i s  c h a p t e r  p r ed i c ted qu i t e 

a c c u r a t e l y the N l o a d s a s  we l l  a s  the N c o ncen t r a t i o n s  i n  

t i l e  d r a i n  e f f l ue n t  e f f u s i ng f r om e xpe r im e n ta l f i e l d  p l o t s  

a nd t h u s  wo u l d  b e  u s e f u l  i n  e nv i r o nm e n t a l  p o l l u t i o n  

a s s e s smen t s  whe r e  c a tc hmen t  wa t e r s a r e  in f l uenc ed by t i l e  

d r a i n  d i sc h a r g e . 

I n  g ene r a l , t h e  mea s u r ed and p r ed i c ted d a ta fo r n i t r a te 

c o n c e n t r a t i ons i n  t i l e  d r a i n  e f f l u e n t  o f  the f i e l d  p l o t s  

i nd i ca t ed t h a t  n i t r a te c o nc e n t r a t i on s  i n  t i l e e f f l ue n t  o f t e n  

e x c e ed 1 0  mg N / l i t r e , b u t  r a r e l y e x c eed 3 0  m g N / l i t r e ,  

r eg a r d l e s s  o f  f e r t i l i z e r  add i t i o n .  Th e add i t i o n  o f  

f e r t i l i z e r  a t  l O O  kg N/h a , i n c r e a s ed n i t r a te l e v e l s  t o  abo u t  

5 0  mg N / l i t r e , b u t  o n l y  f o r  a sh o r t  t im e . 

I n  o rd e r  t o  i l l u s t r a t e the u t i l i ty o f  t h e  m od e l  

p r e s en ted i n  th i s  cha p te r , i t  w a s  u s e d  t o  s im u l a t e  N 

t r a n s f o rma t i o n s  o c c u r r i ng i n  a n  e x p e r ime n t a l  p l o t  a s s um i ng 

the p l o t  w a s  e i t h e r  f a l l ow o r  c r opped . The mod e l  p r ed i c ted 

t h a t d u r i n g  w i n t e r , N l e a ch i ng l o s s e s  c o u l d  be 5 0 %  l e s s  f r om 

s o i l  und e r  c r op a s  compa r ed w i th f a l l ow c o nd i t i o n . The s e  

r e s u l t s  c o u l d  n o t  b e  v e r i f i ed w i th e x p e r ime n t a l  d a t a . 

T h e m od e l  c o u l d , w i th fur the r mod i f i c a t i o n ,  be u s e d  t o  

i d e n t i fy the mo s t  p r om i s i ng m a n a g �m e n t  p r ac t i c e s  th a t  m i g h t  
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m i n im i s e N p o l l u t i o n f r om ag r i c u l t u r a l  l a nd s , a nd r e s e a r ch 

c o u l d  t h e n  be d i r e c ted t o  e v a l ua te e x pe r i me n ta l l y the 

e f f ec t i v e n e s s  of these m a n a g em e n t p r ac t i c e s . 
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C H A PTER 8 

S UMMARY 

8 . 1 .  The l i t e r a t u r e  r e l a t i ng t o , ( A )  N - 1 5  b a l a n c e  

e x pe r i m e n ts i n  c r o pp i ng s y s t em s , a n d  ( B )  mode l l i ng N 

t r an s po r t  a nd t r a n s fo rma t i o n s  i n  c r o p p i ng s y s tems , w a s  

r e v i e we d . 

8 . 1A .  The fo l l ow i n g po i n t s  we r e  n o ted f r om 

l i te r a t u r e  p e r t a i n i ng t o  N - 1 5  b a l a nce e x p e r i m e n t s : 

( i )  Me thod o l o g y  o f  N - 1 5 b a l a n c e  e x p e r i m e n t s : 

( a )  Fer t i l i z e r  N b a l a nce s t ud i e s  o n  s o i l s  

the 

w i th 

r e l a t i v e l y  l a r g e  

o f  N - 1 5  e n r i ched 

so i l  n a t i v e  N p o o l , wo u l d  r equ i r e  the u s e  

f e r t i l i z e r s .  Th e � i g h  co s t  o f  N - 1 5  

e n r i c h e d  compo und s h a s  r e s t r i c ted the s i z e o f  e x p e r imen t a l  

p l o t s  t o  sma l l  a r e a s . M i c r o p l o t s ,  sm a l l  s i ze cy l i nd e r s  a nd 

l a r g e  l y s i m e te r s  h a v e  b e e n  used . U s e  o f  sma l l  l y s i m e t e r s i n  

f er t i l i z e r  N ba l a nc e  s t ud i e s f o r  c r opp i ng _ s y s tems h a s  n o t  

b e e n  r ep o r ted . 

( b )  I n  m o s t  fe r t i l i z e r  N b a l a n c e  s t ud i e s  N - 1 5  i s o t o pe 

m e a s u r em e n t  has b e e n  m a d e  us i ng ma s s  spec t r ome t r y . Em i s s i o n 

s pe c t r ome t r y  ( e . s . ) i s  a v a i l ab l e  a s  a n  a l t e r na t i ve to  m a s s  

s p e c t r ome t r y . The e . s .  techn i que h a s  n o t  been w i d e l y  u s ed 

a nd c o n s i d e r ab l e  d i v e r g e nc e  o f  op i n i on e x i s t s  on  s e v e r a l  

a s p e c t s  o f  N - 1 5  a n a l y s i s  by e . s . , i nc l ud i ng a cc u r acy , amo u n t  

o f  N n e ed ed , p r ec i s i o n  a nd memo r y  e f f e c t s . 

( i i )  Re s u l ts  o f  N - 1 5  b a l a n c e  e x p e r i m e n �s : 

( a )  N - 1 5  b a l a n c e  s t ud i e s , i n  g e n e r a l , r epo r t  r e cove r i e s 

i n  t h e  c r op o f  2 5 - 6 5 %  w i th 1 0 - 4 5 %  r e ta i ned i n  the s o i l ,  

1 - 3 0 %  r em oved by l ea c h i n g a nd 5 - 2 5 %  u n a c c o un t ed f o r  a nd 

p r e s umed l o s t . 
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( b )  The e x p e r i me n t a l  r e s u l t s  r e l a t i ng t o  c r o p  u p t a k e  o f  

a pp l i e d f e r t i l i z e r  N s u g g e s t ed th a t , ( i ) c r o p  u p t a k e o f  

f e r t i l i z e r  N i s  mo s t  i m po r t a n t  o n l y  d u r i ng the f i r s t  4 - 6  

w e e k s  f o l l ow i n g i t s app l i c a t i o n a t  s o w i ng ; ( i i )  

i mmob i l i s a t i o n o f  a p p l i ed N i n to s o i l  o r g a n i c  ma t t e r  c o u l d  

c a u s e  l ow fe r t i l i z e r  N uptake b y  c r o ps ; ( i i i )  �x c e s s  

l e a c h i n g o f  fe r t i l i z e r  N c o u l d  r e s u l t  i n  l ow N u p t a k e  by 

c r o p s ; ( i v )  c r op u p t a k e  o f  N c o u l d d i f f e r  w i th i r r i g a t i o n 

r a te , a nd r a t e  a nd t i m e  o f  fe r t i l i z e r  app l i c a t i o n . 

( c ) Th e e x p e r imen t a l  r e s u l t s  r e l a t i ng to t h e  

immob i l i s a t i o n  o f  f e r t i l i ze r  N i n to s o i l  o r g a n i c  ma t t e r  

s u g g e s ted tha t , ( i )  a v a r y i ng p r op o r t i o n o f  t h e  app l i ed N 

, ( 1 0 - 4 5 % )  c o u l d  b e  i mmob i l i s ed i n to s o i l  o rg a n i c  ma tt e r ; 

( i i )  a m a j o r  p o r t i o n ( >  5 0 % )  o f  the immob i l i s ed f e r t i l i z e r  N 

m i g h t  n o t  b e  m i ne r a l i sed d u r i ng the same c r o pp i ng s e a s o n i n  

wh i c h i t  wa s app l i ed ,  a nd the r e f o r e  wo u l d  n o t  be a v a i l ab l e  

f o r  p l a n t  upt a k e  d u r i ng tha t s e a s o n ; ( i i i )  immob i l i s a t i o n  

o f  a d d ed N i n  so i l  wo u ld b e  s i g n i f i c a n t  o n l y  i n  the s u r f a c e  

l ay e r o f  v a r y i ng d ep th s  upto ab o u t  4 0 0  mm ; ( i v )  the amo u n t  

o f  N i mm o b i l i s ed , a s  a p e r c e n t  o f  app l i ed N ,  m i g h t  n o t  

i nc r ea s e  l i ne a r l y  w i th i nc r e a s i ng a pp l i c a t i o n  r a te s . 

A l t h o u g h  th e r e  o f ten h a s  b e e n  a s i g n i f i c a n t  i nc r e a s e  i n  t h e  

a c t u a l amo u n t  o f  a pp l i ed N i mmob i l i sed w i th a h i g he r r a te o f  

a p p l i c a t i o n ;  ( v ) a c o n t i n u a l  ne t i mmob i l i s a t i o n  o f  a pp l i ed 

f e r t i l i z e r  N m i g h t  n o t  i nc r e a s e  so i l  o rg a n i c  N c o n te n t  t o  

r each  a h i g h e r  e qu i l i b r i um l e v e l  u nd e r  c on t i n u o u s  c r o pp i ng . 

{ d )  The e x p e r i me n t a l  r e s u l t s  r e l a t i ng t o  the l ea ch i ng 

o f  a p p l i ed f e r t i l i z e r  N s ug g e s ted tha t , ( i )  n i t r a te w a s t h e  

m a j o r  f o rm o f  N l eached o u t  o f  t h e  r o o t  z o n e  a nd ammo n i um N 
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was s e l d om fo und i n  the d r a i n a g e  w a t e r � ( i i )  u r ea N c o u l d  

a l s o be l e a ched a s  i t  wo u l d  no t be s t r o ng l y a d s o r bed i n  

s o i l s � ( i i i )  amo u n t s  o f  f e r t i l i z e r  N l e a ched , i n  g e n e r a l , 

c o u l d b e  r e l a ted to two f a c t o r s : ( a )  r a t e o f  f e r t i l i z e r  N 

a p p l i c a t i o n 

( i v }  wh e n  

( b )  amo u n t  o f  w a t e r  tha t d r a i n s  i n  the s o i l ;  

pr e f e r en t i a l f l ow occ u r r ed , the amo un t 

l e ached w a s  n o t  r e l a t ed to t h e  amo u n t  o f  d r a i n a g e ; 

p r e f e r e n t i a l  m o v em e n t  o f  wa t e r  i n  so i l , r e l a t i v e l y  

u f  N 

( v )  by 

l a r g e r  

amou n t s  o f  s u r fa ce a p p l i ed f e r t i l i z e r  c o u l d  rema i n  n e a r  t h e  

s o i l  s u r f a c e  wh i l e some f e r t i l i z e r  c o u l d  b e  l eached to  

g r e a t e r  d epths , t h a n  p r ed i c ted by m i sc i b l e  d i s p l acem e n t  

the o r y . 

( e )  The r e s u l t s  o n  s o i l  n a t i v e N m i ne r a l i s a t i o n 

s ugges t ed th a t , ( i }  s o i l s  u n d e r  p a s t ur e  a c c umu l a ted o rg a n i c  

N , and whe n  such e s t ab l i shed pa s t u r e s we r e  p l o ug h ed f o r  

c r o pp i ng , m i n e r a l i s a t i o n  o f  th i s  a c c umu l a ted o r g a n i c  N w a s  

r ap i d � ( i i )  the s o i l  he t e r og ene i t y a nd s pa t i a l  v a r i ab i l i ty 

i n  the s o i l  o rg a n i c  N d i s t r i bu t i o n c o u l d  o f ten be so l a r g e  

t h a t mea s u r emen t o f  sho r t  t e rm cha n g e s  i n  t h e  s o i l  o rg an i c N 

c o n t e n t  c o u ld be d i f f i c u l t �  ( i i i } the N m i ne r a l i s a t i o n  r a t e  

w o u l d  l i k e l y  to  be a s s o c i a ted w i th a sma l l  ac t i v e  po o l  o f  

o rg a n i c  N ,  b u t  no r e l a t i o n sh i p  b e t w e e n  them h a s  b e e n  

r epo r t ed � ( i v }  the e x pe r i m e n t a l  r e s u l t s o n  p r i m i ng e f f e c t  

o f  fe r t i l i zer N o n  s o i l  n a t i ve N m i n e r a l i s a t i o n  we r e  

i n c o n s i s te n t  and n o n e  o f  t h e  sug g e s t ed e x p l a n a t i o n s f o r  the 

p r im i ng e f fe c t , a ppe a r ed to  c omp l e t e l y  e x p l a i n  t he ob s e r v ed 

ne t e f f ec t s . 

8 . 1B .  Th e fo l l ow i ng po i n t s  we r e  n o ted f r om the 

l i t e r a t u r e  per ta i n i ng t o  the mod e l l i ng o f  N t r a n s po r t  a nd 

t r a n s f o rma t i o n s  i n  c r o pp i ng sys tems : 



Pag e 1 6 3  

( a )  M o s t  N s y s t em mod e l s  a r e  sma l l  s c a l e  sys tem mod e l s , 

a n d  o n l y  a few a r e  l a r g e  s c a l e  s y s t em mod e l s .  Sma l l  s c a l e  

s y s t em mod e l s  a r e  d e v e l op ed a nd v e r i f i ed w i th d a t a ob t a i ned 

f r om sma l l  s c a l e  e x pe r i m e n t s , s uch as  l y s ime te r and 

i nc ub a t i o n  e x p e r i m e n t s .  L a r g e  s c a l e  s y s t em mod e l s  h ave b e e n  

d e s i g ned to  s i m u l a t e  N p r o c e s s� s  occ u r r i n g i n  l a r g e  s c a l e  

s y s t em s  s uch a s  wa t e r s h ed s  a nd i r r i g a t i on p r o j e c t s . Wh e r e  

p a r am e t e r i sa t i o n o f  s u c h  mod e l s  i s  m ad e , d a ta obta i n ed f r om 

sma l l  s c a l e  s t ud i e s  a r e  u s ed . The r e s u l ts  s i mu l a t e d  i n  

t h e s e  l a r g e  sc a l e  sy s t em mod e l s  h a v e  n o t  been v e r i f i ed w i th 

d a t a  o b t a i ned f r om l a rg e  s c a l e  s t ud i e s , p r e s um a b l y  d u e  to  a 

l ac k  o f  s u i t ab l e  d a ta . 

( b )  Dynam i c  N m od e l s  we r e  p r o c e s s  o r i e n ted i n  tha t the 

p hys i c a l , b i o l og i c a l , a n d  c h em i c a l  N p r o c e s se s  occ u r r i ng i n  

the s o i l - p l an t  sys t em we r e  s im u l a t ed s im u l t a n e o u s l y . The s e  

N p r oc e s s e s  c o u l d  b e  b r o a d l y  c l a s s i f i ed i n to two c a teg o r i e s : 

( i )  N m o v emen t ( t r a n s po r t )  c a u sed by w a t e r  m o v emen t ;  a n d  

( i i )  b i oc h em i c a l  p r o c e s s e s  ( t r a n s f o rma t i o n s ) . 

( c )  Dyn am i c  mod e l s  we r e  no t appl i c ab l e  t o  a l l  s o i l ­

w a t e r - p l a n t  s i t u a t i o n s  b e c a u s e  each d y n am i c  mod e l  h a d  a 

d e g r ee o f  s i t e- spe c i f i c i t y ,  a s  e a c h  dynam i c  mod e l  had b e e n  

f o rmu l a ted f o r  � s p ec i f i c  l oc a l  c o nd i t i o n .  App l i c a t i o n  o f  a 

g i v e n d y n am i c  mod e l  t o  a d i f f e r e n t  s e t  o f  e x pe r i m e n t a l  

c o nd i t i on s  u s ua l l y r e q u i r ed mod i f i c a t i ons t o  m od e l  

p a r am e t e r s . 

( d )  Two ma i n  a pp r o a che s s e emed to h a v e  been ev o l v ed , i n  

the mod e l  f o rmu l a t i o n  p r o c ed u r e , d e pend i ng upon the 

o b j ec t i ve ( s )  f o r  d ev e l op i ng the mod e l . Mod e l s d e v e l o pe d  to 
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e x am i ne the the o r e t i c a l  a s p e c t s  o f  a N model  s y s tem , t o o k  

the a pp r oa ch  t o  de v e l o p a theo r e t i c a l  o r  c o n c e p t u a l  

f r ame w o r k  mod e l  w i th o u t  ba s i ng the mo d e l  o n  a n y  e x p e r imen t a l  

d a ta . Mod e l s d e v e l oped f o r  f i e l d  a ppl i c a t i o n  w i th 

obj e c t i v e s  s u c h  a s  to p r o v i d e  be t t e r  N m a n a g em e n t  

g u i d e l i n e s , t o o k  t h e  a p p r o a c h  t o  b a s e  t h e  mod e l  o n  f i e l d  

d a ta· tha t d o c um e n t  t h e  e f fe c t s  o f  r a te , amo unt , a nd t i m i ng 

o f  f e r t i l i ze r  a nd i r r i g a t i on a ppl i c a t i o n s , o n  c r op y i e l d  and 

N u p t ak e . 

( e )  Soph i s t i c a t ed d y n a m i c  mod e i s r equ i r ed the u s e  o f  

comp u t e r s . I t  a ppe a r ed t h a t  t h e r e  h a s  been no  s imp l e  N 

mod e l  r epo r ted th a t  c o u l d  be  s t o r ed i n  a nd r u n  w i t h a 

p r og r ammab l e  c a l c u l a t o r . S uch s i mpl e  N mod e l s  wo u ld be 

u s e f u l  f o r  m a n a g e r s  o r  a d v i s o r s e ng a g ed in r o u t i n e N 

fe r t i l i ty eva l u a t i o n o r  N po l l u t i o n  c o n t r o l . 

( f )  Mecha n i s t i c and emp i r i c a l  appr o a che s h a v e  b e e n  

a d a p t e d  i n  d y n am i c  mode l s .  Mo s t  m e c h a n i s t i c mod e l s  i n v o l v ed 

chem i c a l  k i ne t i c s , ma i n l y  f i r s t  o r d e r  o r  M i ch a e l i s -Me n te n  

type o f  k i n e t i c s . Emp i r i c a l  m od e l s  i nc l ud e d  m u l t i p l e  

r eg r e s s i o n  o r  a l g e b r a i c  e x pr e s s i o n s  and s uc h  mod e l s r e q u i r ed 

e l ab o r a te e x pe r ime n t a l  d a ta f o r  i nd i v i d u a l  t r a n s fo rma t i ons 

in  o r d e r  to o b t a i n  reg r e s s i o n e q u a t i o n s  o r  a l g eb r a i c  

e x p r e s s i o ns  d e s c r i b i ng the t r a n s f o rma t i on s . The 

d i s ad v a n ta g e  w i th s uc h  emp i r i c a l  mod e l s  wa s th a t  the y 

acqu i r e a h i g h e r  d eg r ee o f  s i t e- s p e c i f i c i ty than m e c h a n i s t i c  

mod e l s . On the o ther hand , mech a n i s t i c  m od e l s wo u l d  no t 

c omp l e te l y  d e sc r i be N t r a n s f o rma t i on s , s i n c e  the b i o l og i c a l  

mecha n i sm i n v o l v ed i n  a n y  N t r a n s f o rma t i o n  c o u l d  no t be 

f u l l y  d e s c r i b ed by chem i c a l  k i ne t i c s  a l o n e . B u t  i t  a p pe a r ed 
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tha t ,  f o r  s i mp l e  mode l s , f i r s t  o rd e r  k i n e t i c s  m i g h t d e s c r i b e  

the m i c r ob i a l l y  med i a ted N t r a n s f o rma t i o n s  j u s t  a s  we l l  a s  

emp i r i c a l  mod e l s .  

( g )  F e w  mod e l s  t o o k  i n t o acc o u n t  e f f e c t s  o f  

e nv i r o nme n t a l  c o nd i t i o n s  s uc h  a s  s o i l  tempe r a t u r e  a nd 

mo i s t u r e  o n  r a t e  c o n s t a n t s . I t  a ppe a r e d  tha t t h e r e  wa s no 

mech a n i s t i c a p p r o ach tha t c o u ld b e  u s ed t o  i nc o r po r a t e , i n to 

the mod e l , t h e  e f f e c t  o f  e n v i r o nme n t a l  f a c t o r s  on N 

t r a n s fo rma t i o n s ; a l l  mod e l s  t h a t  took i n to a c c o u n t  the s e  

e f f e c t s  h a v e  u s ed o n l y  emp i r i c a l  app r o a ch e s  • .  

( h )  The N mod e l  d ev e l o pm e n t  proced u r e  c o n s i s ted o f  

c a l i b r a t i o n ,  v a l i d a t i o n and v e r i f i c it i o n .  Ca l i b r a t i o n 

r e f e r r ed t o  mod e l  pa r am e t e r i s a t i on wi th syn the t i c a n d / o r  

obs e r v ed d a ta ; v a l i d a t i o n  me a n t  te s t i ng the a l g o r i thm and 

v e r i f i c a t i o n m e a n t tes t i ng t h e  mod e l  w i th d a t a  o th e r  than 

the set u s e d  to c a l i b r a t e  the mod e l . 

( i )  S om e  mod e l e r s  h a v e  v e r i f i ed o n l y  pa r t s  o f  the i r  

mod e l . Howev e r , sev e r a l  mod e l e r s  ha v e  t e s t ed a l l  p a r t s  o f  

t h e i r  m od e l s ; b y  s i mu l t aneo u s  s i mu l a t i on o f  a l l  s ub- r o u t i ne s  

th a t  c o n s t i t u t e  the i r  N mod e l s . 

8 . 2 .  The s t udy r epo r ted i n  th i s  the s i s  c a n b e  d i v i d ed 

i n t o  t w o  s t ag e s : ( A )  Sev e r a l  N - 1 5  e x p e r imen t s  w e r e  

c o nd uc t e d  i n  o r d e r  t o  b e t t e r  u nd e r s tand t h e  N t r a n s po r t  and 

t r a n s f o rma t i o n s  i n  s o i l  p l a n t  sys t em � ( B )  The d a ta 

o b t a i n ed f r om the s e  e x p e r imen t s  we r e  u s ed t o  d ev e l op and 

v e r i fy N m od e l s . 
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8 . 2 A .  N - 1 5  e x p e r ime n t s :  

( a )  P r e l im i n a r y  i n v e s t i g a t i o n s  i n t o  t h e  f a t e  o f  N - 1 5 

l abe l l ed u r ea a pp l i ed t o  b a r l ey a nd o a t  c r ops i n  a d ti u b l e  

c r o pp i ng sys tem , we r e  c o nd u c te d  u s i ng s o i l  c y l i nd e r s i n  

s i t u , d u r i n g 1 9 7 8 - 7 9 .  I n  the s e  i n ve s t i g a t i o ns , p l a n t s  w e r e  

g r own i n  so i l  c o n f i ned b y  PVC p i pe ( s o i l  c y l i nd e r )  a n d  N - 1 5  

a n a l y s e s  o n  s o i l  and p l a n t  s amp l e s  w e r e  per f o rmed u s i ng 

em i s s i o n  spec t r ome t r y .  The r e s u l t s  o f  th i s  s t ud y i nd i c a t e d  

t h a t  the t o t a l  r ecove r y  o f  appl i ed N i n  p l a n t  a nd s o i l  

compo n e n t s  cou l d  v a r y be tween 5 0  t o  9 0  pe r c e n t . 

( b )  Th i s  pr e l im i n a r y s t ud y  p o i n t ed o u t  the ne ed s  f o r  

fur the r i nv e s t i g a t i o n s : ( i )  Me a s u r emen t e r r o r  i n  N - 1 5 

ana l y s e s a nd o t h e r N l o s s  mech a n i sms , s uch as N l e a c h i n g 

sho u l d  be i n v e s t i g a t ed i n  o r d e r  to o b t a i n  a b e t t e r  N - 1 5 

b a l a nc e  shee t . ( i i )  I nve s t i g a t i on s  wou ld a l s o b e  r equ i red 

to  d e t e rm i ne t h e  i n i t i a l N - 1 5 e n r i c hme n t  in  f e r t i l i z e r  

ma t e r i a l , t h a t  wo u ld fac i l i ta t e em i s s i o n  s p e c t r ome t r i c  a s s a y  

o f  N - 1 5 i n  t h e  o r g a n i c  f r a c t i o n  o f  t h e  Tokom a r u  s i l t  l o am 

so i l . ( i i i )  The r e l ev a n c e  o f  p l a n t  N u p t a k e  d a t a  c o l l ec ted 

by g r o w i ng pl a n t s  i n  s o i l  c y l i nd e r s ,  t o  the p l a n t  N u p t a k e  

i n  t h e  ma i n  p l o t  n e ed ed t o  be ev a l u a ted . 

( c )  F ur the r  e x per i m e n t s  we r e  d e s i g n ed and 1 conduc te d  

ba s ed o n  the n e ed s th a t  eme r g ed f r om the p r e l i m i n a r y  s t ud y : 

( i )  E x p e r i m e n t  I w a s  c o nd uc ted t o  d e t e r m i ne the l ev e l  o f  

N - 1 5  e n r i chme n t  i n  u r e a , wh i ch w o u l d  f a c i l i ta t e  em i s s i o n  

spec t r om e t r i c  a s s a y  o f  N - 1 5  i n  the o r g an i c  f r ac t i o n o f  a 

To k om a r u  s i l t  l o am s o i l ;  ( i i )  E x p e r i me n t  I I  was c o nd u c ted 

to  d e t e rm i ne the r e l ev an c e  o f  N d a t a  o b t a i ned f r om sm a l l  

s o i l  c y l i nd e r s  i n  s i t u ,  t o  l a rg e  f i e ld p l o t s ; ( i i i )  

E x pe r i me n t  I I I  w a s  cond uc ted to  c ha r a c te r i se the d y n a m i c  

I 
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n a t u r e  o f  s o i l  i no r g a n i c  N c h a n g e s  a s s o c i a t e d  w i th i t s  

u p t a k e  by a b a r l ey c r o p  t o  wh i ch N - 1 5 u r e a  w a s  a d d e d . 

Add i t i o n a l l y , the a cc u r a c y  a nd p r ec i s i o n  o f  N - 1 5  a s s a y  by 

em i s s i o n  spe c t r ome t r y , r e l a t i v e t o  m a s s  s pec t r om e t r y , we r e  

d e t e rm i n e d , u s i ng N - 1 5 s t a nd a rd s amp l e s . Al s o , t h e  

an a l y t i c a l  e r r o r  and the spa t i a l  v a r i a b i l ty a s s o c i a ted w i th 

s o i l  o r g a n i c  N d e t e rm i n a t i o n s , we r e  d e t e r m i ned . 

( d )  The r e s u l t s  o f  the s e  f u r ther  e x p e r imen t s  showe d : 

( i ) a n a l ys i s  o f  N - 1 5  s amp l e s  c o n t a i n i ng mo r e  t h a n  abo u t  1 

a tom p e r c e n t  e x c e s s  N - 1 5 e n r i c hm e n t s , c a n  b e  p e r f o rm e d  

s a t i s f a c t o r i l y ,  w i th t h e  p r e s en t  em i s s i o n  s pe c t r ome t r i c  

t echn i qu e  u s i ng S t a t r o n  NO l - 5  a n a l y s e r ; · ( i i )  the cu r r e n t  

em i s s i o n s pe c t r ome t r i c  t e c hn i q ue w i l l n o t  b e  u s e f u l  i n  N - 1 5  

t r a c e r  s t ud i e s  i nve s t i g a t i n g the i mmob i l i sa t i o n  o f  appl i e d 

f e r t i l i z e r  N w i th s o i l s  o f  r e l a t i v e l y  h i g h  o r g a n i c  N c o n t e n t  

( � 0 . 2 % ) , s i n c e  s u c h  i nv e s t i g a t i o n s  re qu i r e  m e a s u r em e n t o f  

l e s s  t h a n  1 a tom p e r ce n t  N - 1 5 ;  ( i i i )  the em i s s i o n  

spec t r om e t r i c  tech n i que c a n  b e  s a t i s fa c to r i l y  u s e d  t o  

mea s u r e  N - 1 5 i n  p l a n t  a nd s o i l  i n or g a n i c  N f r a c t i on s i nc e  

the i so to pe d i l u t i o n i s  m uch l e s s  t h a n  i n  the o r g a n i c  N 

f r ac t i o n ; ( i v )  th e a n a l y t i c a l  e r r o r s  i n  s o i l  o r g a n i c  N 

d e t e rm i n a t i o n s  we r e  sma l l  ( 2 . 8 %  o f  the m e a n  v a l ue )  c ompa r ed 

w i th t h e  spa t i a l  v a r i ab i l i ty o f  a bo ut 1 5 %  o f  t h e  m e a n  v a l ue ; 

( v )  d a t a  fo r chang e s  i n  s o i l  i no r g a n i c  N c o n t e n t  o v e r  t i me , 

ob t a i ne d  by the u s e  o f  s o i l  c y l i nd e r s , c a n  �e r e p r e s e n ta t i v e  

o f  f i e l d  beha v i o u r ; ( v i )  d a t a  f o r  pl a n t  N upt a k e  ob ta i n e d  

\ 

by g r o w i ng p l an t s  i n  s o i l  c y l i nd e r s  c a n  b e  r e p r e s e n t a t i v e  o f  

f i e l d  d a ta a t  l e a s t  f o r  the f i r s t  s e v e n  weeks o f  p l a n t  

g r o w th ; ( v i i )  i n i t i a l  u r e a  N t r a n s forma t i o ns a r e  r a p i d , a nd 
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mo s t  o f  f e r t i l i z e r  N u p t a k e  by p l a n t s  occ u r s  in the 

f i v e  we e k s  f o l l ow i n g  i t s a p p l i c a t i o n at s o w i ng ; 

p l a n t s  t a k e  up a g r e a t e r  p r o po r t i o n  o f  t h e i r  t o t a l  

n a t i v e so i l  N .  

f i r s t  

( v i i i )  

N a s  

( e )  A f u r ther s t u d y  w a s  u nd e r ta k e n  t o  acco un t f o r  

i mm o b i l i s a t i o n  a nd l e a c h i ng o f  N - 1 5  l a b e l l ed u r e a  appl i ed t o  

a b a r l e y c r o p , d u r i ng the f i r s t  f i v e wee k s  fo l l o w i ng i t s 

a pp l i c a t i o n . M i c r o p l o t s  a nd sma l l  l y s i m e t e r s w e r e  u s ed . 

T1vo l e ach i ng t r e a tmen t s , " no r ma l "  and " we t " , we r e  i mpo s e·d . 

N - 1 5 l abe l l ed u r e a  a nd p o t a s s i um b r om i d e  we r e  app l i ed a t  t h e  

t im e  o f  so w i ng ba r l e y .  

Appr o x ima t e l y  9 0 %  o f  t h e  a pp l i ed · N wa s r e c o v e r e d , 

i nd i c a t i ng t h a t  g a s e o u s  N l o s s e s  w e r e  sma l l . Hyd r o l y s i s  a nd 

immob i l i s a t i o n o f  the u r e a  N o c c u r r ed r a p i d ly .  One w e e k  

a f t e r  a pp l i ca t i on , 8 6 %  o f  u r e a N h a d  been h yd r o l y s ed , wh i l e  

a f t e r  two we e k s  3 6 %  o f  i t  had been i mmob i l i s ed i n t o o r g a n i c  

ma t t e r . As e x pe c t e d , l e ach i ng w a s  a f u nc t i on o t  d r a i n a g e . 

On l y  1 4 %  o f  the fe r t i l i ze r  N wa s l e a c h e d  f r om the we t 

l y s i m e t e r s , wh e r e a s  7 6 %  o f  t h e  b r om i d e  a p p l i ed was l e ached , 

pr e s umab l y  due to  r ap i d  u r e a  N t r a n s f o rm a t i o n i n t o  amm o n i um 

a n d  o r g a n i c  N ,  t h e  t w o  N fo rms n o t  p r o n e  to  l e ach i ng .  The 

i n c r e a s ed l each i ng of  N f r om the we t l y s i m e t e r s c omp a r ed 

w i t h  t h e n o rm a l  l y s i m e t er s wa s a t  t h e  e x pen s e  o f  p l a n t  N 

u p t a k e , h a v i ng l i t t l e  e f f e c t  o n  the amo un t  o f  N immob i l i se d . 

Ne t m i n e r a l i s a t i o n o f  n a t i ve s o i l  N w a s  c a l c u l a t e d  a s  4 2  k g  

N/ha , o r  1 . 2 kg N/ha/d a y . 
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{ a )  A n  i n i t i a l  sho r t - t e r m  N -mod e l  w a s  d e v e l oped . The 

m o d e l  w a s  r e l a t i v e l y  s pec i f i c ,  c o n s i d e r i ng o n l y  the ma j o r  

v a r i ab l e s  i n  the s o i l - p l a n t  sys tem s t ud i e d . 

a s o i l  wa t e r  s u b -mod e l  a nd sep a r a te 

I t  c o n s i s t ed o f  

s ub -mode l s  f o r  

f er t i l i z e r  N a nd n a t i v e  N t r a n s f o rm a t i o n s . F i r s t - o r d e r  

k i n e t i c s  w e r e  a s s umed f o r  a l l m i c r ob i a l l y med i a t ed N 

t r a n s f o r m a t i o n s . P l a n t  N u p t a k e  w a s  co n s i d e r ed p r o po r t i o na l 

t o  the . amo u n t s  o f  ar� o n i um and n i t r a t e i n  s o i l  a nd t o  

t r a n sp i r a t i o n .  A s imp l e  l e a c h i ng r e l a t i o n sh i p  wa s a s s umed , 

wh e r e  t h e  am o u n t  o f  N l e a c h ed wa s c o n s i d e r ed p r o po r t i on a l  t o  

the am o u n t o f  n i t r a te i n  t h e  so i l  a nd to  · th e  n umb e r  o f  ' po r e  

v o l ume s ' o f  d r a i n a g e . 

The mod e l  s u c c e s s f u l l y  p r ed i cted t h e  l e ach i ng o f  

f e r t i l i z e r  N ,  n a t i ve s o i l  N and b r om i d e . The r ed uced p l a n t  

u p t a k e  o f  f e r t i l i ze r  N r e s u l t i ng f r om t h e  i nc r e a sed 

l e a c h i ng , wa s a l so q u i te s uc ce s s f u l l y m od e l l ed . T h e  mod e l 

i n d i c a te d  th a t  t h e  amo u n t o f  f e r t i l i ze r  N l e ached wa s 

s t r o ng l y  d epend e n t  on t h e  t im i ng o f  r a i n f a l l  i n  r e l a t i on t o  

t h e  t im e  o f  fe r t i l i ze r  appl i c a t i o n .  

( b )  A c r o p - s e a s o n  N -m o d e l  wa s dev e l o pe d  b y  e x tend i ng 

t h e  s h o r t - te r m  N -mod e l  t o  c o v e r  a fu l l  g r owth sea s o n  o f  a 

b a r l ey c r op .  The e f fe c t s  c a u s ed by c h a ng i ng s o i l  

tempe r a t u r e  a nd mo i s t u r e ,  a n d  p l a n t  g r ow t h  and d ev e l opmen t 

s t a g e  w e r e  i nc o r p o r a ted i n  the mod e l  pa r am e t e r s . The mod e l 

wa s v a l i d a t ed b y  s imu l a t i ng the N t r a n s f o rm a t i o n s  occ u r r i ng 

i n  a s o i l  c y l i nd e r  e x p e r i m e n t  w i th b a r l ey . The mod e l  w a s  

v e r i f i e d  w i th me a s u r ed d a ta f r om a l a r g e  s c a l e  f i e l d  tr i a l . 

The mod e l  p r ed i c t i o n  f o r  N l e ach i ng l o s se s , 

d em o n s t r a ted b e t t e r  a c c u r a c y  t h a n  f o r  p l a n t  N uptake . To 
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impr o v e  the acc u r acy  o f  m od e l  p r ed i c t i o n o n  p l an t  N u p t a k e , 

s ome r e f i neme n t s  to the mod e l  we re s ug g e s ted . A l s o  the 

mod e l  h ad a d eg r ee of  s i t e - s p e c i f i c i ty ;  b u t  i t  c o u ld be 

a d a p t ed to o th e r  s i t ua t i o n s  w i th s u i t a b l e  m od i f i c a t i o n s  to 

the m od e l  pa r ame t e r s . 

The u s e fu l n e s s  o f  the m od e l  a s  a m a n a g emen t t o o l wa s 

i l l u s t r a ted by u s i ng the m od e l  to  p r ed i c t  the ad v e r s e  e f fe c t  

o f  e x c e s s i v e r a i n , tha t fe l l  ea r l y  i n  the c r op s e a s o n , o n  

the c r op N u p t a k e  pa t t e r n . The mod e l  w a s  f o u nd to  b e  

capab l e  o f  p r o v id i ng a co n t i n u o u s  e v a l u a t i o n  o f  po s s i b l e  

a d v e r s e  e f fec t s  c a u s ed b y  u n f o r e seab l e  f a c t o r s  s uch a s  

e x ce s s i v e r a i n fa l l , o n  p l a n t  N u p t a ke . 

( c )  A l o n g - t e rm N -mod e l  was  d e v e l o p ed i n  o rd e r t o  

p r ed i c t , o v e r  a two ye a r  per i od , the N l e ac h i ng l o s s e s  i n  

t i l e  d i s c h a r g e  f r om a r e c e n t l y  p l o ughed pa s t u r e  s ubj e c t ed to  

a d o u b l e  cr opp i n g r o t a t i o n to wh i c h  fe r t i l i z e r  N wa s added . 

The mod e l  pre? i c t ed qu i te acc u r a te l y  the N l o ad s a s  w e l l  a s  

the N c o nc e n t r a t i o n s  i n  t i l e  d r a i n  e f f l u e n t  e f f u s i n g f r om 

e x p e r i m e n t a l  f i e ld p l o t s . I n  g e n er a l , the m e a s u r ed a nd 

p r ed i c ted d a t a  f o r  n i t r a t e  c o n c e n t r a t i o n s  i n  t i l e d r a i ned 

e f f l ue n t  of the f i e l d  p l o t s  i nd i ca ted th a t  n i tr a te 

c o n c e n t r a t i o n s  in  t i l e  e f f l ue n t  a r e  o f t e n  a b o v e  1 0  

mg N /l i t r e , b u t  r a r e l y  e x c e e d  3 0  mgN/l i t r e , r e g a r d l e s s o f  

fe r t i l i z e r  N add i t i o n . The add i t i o n  o f  fe r t i l i z e r  N c o u ld 

i nc r e a s e  the s e  l e v e l s  t w o - f o l d  b u t  o n l y  f o r  a s ho r t  t i me .  

The u t i l i ty o f  the mod e l  i n  a s se s s i ng N l ea c h i ng wa s 

i l l u s t r a ted by _ u s i ng the mod e l  t o  s imu l a t e  N t r a n s f o rma t i o n s  

occ u r r i ng i n  a n  e x pe r i m e n t a l  p l o t  a s s um i ng t h e  p l o t  wa s 

e i th e r  f a l l o w  o r  c r o pped . S uch pred i c t i ve ab i l i t y o f  the 
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m o d e l  wo u ld b e  u s e f u l  i n  d i r e c t i ng f u r t h e r  r e s e a r c h  t o  

ev a l u a te e x p e r i m e n t a l l y t h e  e f f e c t i v e n e s s  o f  a m a n a g emen t 

p r a c t i c e  s u ch a s  c r o pp i n g a s  a g a i n s t  f a l l o w i ng . 
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s o i l s : 3 .  Excha n g e a b l e  ammon i um ,  n i t r a te ,  and n i t r i t e by 

e x t r ac t i o n  d i s t i l l a t i o n m e t h od s . So i l .  Sc i .  S o c . Am . 

P r o c . 3 0 : 5 7 7 - 5 8 2 .  

B r e s l er , E .  1 9 7 3 . S imu l taneo u s  t r a n s po r t  o f  s o l u t e  a nd 

wa ter  u nd er t r an s i en t  u n s a t u r a ted f l ow c o nd i t i o n s . Wa t e r  

Re s o u r . Re s .  9 : 9 7 5 - 9 8 6 .  

B r o adbent . F . E .  1 9 6 5 .  E f f ec t o f  f e r t i l i ze r  n i t r og e n  o n  

t h e  r e  1 e a  se o f s o  i 1 n i t r o g en • S o  i 1 S c i .  S o  c • Am • P r o  c • 

2 9 : 6 9 2 - 6 9 6 . 

B r o ad b e n t , F . E . , a nd K . B . Ty l e r . 1 9 6 2 . Labo r a t o r y  a n d  

g r eenh o u s e  

S e  i .  S o c . 

i nve s t i g a t i o n s  o f  n i t r og en imm ob i l i s a t i o n . 

Am . Pr o c . 2 6 : 4 5 9- 4 6 2 .  

S o i l  

B r o adbent , F . E . , a nd T . Nak a s h im a . 1 9 6 5 .  P l a n t  r e c ov e r y  

o f  immob i l i sed n i t r o g en i n  g r eenh o u s e  exper imen t s . S o i l  

Sc i .  Soc . Am .  P r o c . 2 9 : 5 5 - 6 0 .  

B r o a dben t , F . E . , a nd T . Naka sh i m a . 1 9 6 7 .  Rev e r s i o n  o f  

f e r t i l i z e r  n i t r og e n  i n  s o i l s .  S o i l  S c i .  Soc . Am .  P r o c . 

3 1 : 6 4 8 - 6 5 2 . 

· w i th 

Br o ad be n t , F . E . , a nd A . B . Ca r l to n . 1 9 7 8 �  

i s o to p i c a l l y l ab e l ed n i t r og en fe r t i l i ze r . 

F i e l d  t r i a l s  

p . l - 7 7 .  I n  

D . R . N i e l s e n  and J . G . Ma c Do n a ld ( ed . )  N i t r ogen i n  t h e  

e n v i r o nm e n t .  Vo l . I • N i t r og e n  behav i o u r i n  f i e ld s o i l . 

Ac adem i c  P r e s s , I nc . ,  Lond o n . 



B r o i d a , H . P . , 

i s o t o pe a n a l ys i s  

3 0 : 2 0 4 9 - 2 0 5 5 .  

and 

by 

M . W . Ch a pman . 1 9 5 8 .  
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S t a b l e  n i t r ogen 

em i s s i o n s pe c t r o sc opy . An a l . Chem . 

B u r n s , I . G .  1 9 7 5 . AD equa t i o n  t o  p r ed i c t  

s u r f a c e- a p p l i ed n i t r a te . J .  A g r i c .  S c i .  8 5 : 4 4 3 - 4 5 4 .  

B u r n s , I . G .  1 9 7 6 .  An e q u a t i o n to p r ed i c t  the l ea c h i ng 

o f  n i t r a te un i f o rm l y  i nc o r po r a ted t o  a known d epth o r  

un i f o r m l y  d i s t r i b u t ed th r o ug h o u t  a s o i l  p r o f i l e .  J .  Ag r i c .  

Sc i .  8 6 : 3 0 5 - 3 1 3 .  

B u r n s , I . G .  1 9 8 0 . 

d i s t r i b u t i o n o f  n i t r a t e  

r ev i ew a nd a mod e l  f o r  

3 1 : 1 5 5 - 1 7 3 .  

I n f l uence o f  . the s pa t i a l  

o n  the uptake  o f  N b y  p l a n t s : A 

r o o t i ng depth . J .  So i l  Sc i .  

C am e r o n , D . R . , a nd . C . G . Kowa l enko . 1 9 7 6 .  Mod e l l i ng 

n i t r og en p r o c e s s e s  i n  

r e l a t i o n sh i ps .  C a n . J .  

C ampb e l l , C . A . 1 9 7 8 .  

f e r t i l i ty .  p . l 7 3 - 2 7 1 . 

S o i l  o r g a n i c  m a t t e r . 

s o i l : ma thema t i c a l  d ev e l o pm e n t  a nd 

S o i l  Sc i .  5 6 : 7 1 - 7 8 .  

S o i l  o rg a n i c  c a rbo n , n i t r og e n  a nd 

I n  M . Schn i t ze r and S . U . Kh a n  ( ed . )  

D ev e l o pmen t s  i n  s o i l  s c i e n c e  8 .  

E l s e v i e r  S c i e n t i f i c  Pub l i sh i ng Co . ,  New Yo r k . 

C a r te r , J . N . , O . L . Be n ne t t , a nd R . W . Pe a r s o n . 1 9 6 7 .  

Rec o v e r y  o f  f e r t i l i ze r  n i tr og en und e r  f i e l d  c o nd i t i o n s  u s i ng 

N - 1 5 .  S o i l  S c i .  S o c . Am . P r o c . 3 1 : 5 0 - 6 . 

Ch i ch e s te r , F . W .  1 9 7 7 .  E f f e c t s  o f  i n c r e a se d  f e r t i l i z e r  

r a t e s  o n  n i t r o g en 

mono l i th l y s i rn e t e r s .  

c o n t e n t  o f  r uno f f  

J .  Env i r o n .  Qua l . 

a nd pe r c o l a te f r om 

6 : 2 1 1 - 2 1 6 . 

Ch i ch e s te r , F . W .  1 9 6 9 .  N i t r og e n  i n  s o i l  o r g a n o -m i n e r a l  

sed i m en t a t i o n  f r a c t i o n s . S o i l  Sc i .  1 0 7 : 3 5 6 - 3 6 3 . 
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C h i c h e s t e r , F . W . , a n d S . J . Sm i th .  1 9 7 8 .  D i s p o s i t i o n o f  

N - 1 5 1 a b e l l 8 d  f e r t i l i z e r  n i t r a t e a p p l i e d d u r i n g c o r n  c u l tu r e  

i n  f i e l d  l y s i m e t e r s .  

Ch o , C . M .  1 9 7 1 .  

n i t r i f i c a t i o n i n  s o i l . 

J .  E nv i r o n . Qu a l . 7 : 2 2 7 - 2 3 3 .  

C o n v e c t i v e  t r a n s po r t  o f  amm o n i um 

Ca n . J .  So i l  S c i .  5 1 : 3 3 9 - 3 0 .  

w i th 

C o o k e , G . W .  

ag r i c u l t u r e  o n  

1 9 7 6 .  A r ev i e w  o f  the e f f e c t s  o f  

a nd qua l i ty o f  the c h em i c a l  c o mpo s i t i o n  

s u r f a c e  a nd u n d e r g r o u n d  w a t e r s .  p . S - 5 7 .  I n  Ag r i c u l t u r e  a nd 

wa t e r  q u a l i ty . M A F F  Te ch . B u l l . 3 2 .  H M S O ,  L o n d o n . 

C r a s w e l l , E . T . , a n d  A . E . Ma r t i n .  1 9 7 5 .  I s o to p i c  s t ud i e s  

o f  t h e n i t r o g e n  b a l a nce i n  a c r a c k i ng c l a y .  I I .  Rec o v e r y  

o f  n i t r a te N - 1 5 a d d e d  t o  c o l umns o f  p a c ked s o i l  and 

m i c r op l o t s  g r o w i ng wh e a t i n  the f i e l d . A u s t .  J .  So i l  Re s . 

1 3 : 5 3 - 6 1 .  

C r a s we l l , E . T .  1 9 7 9 .  I s o t o p i c  s t u d i e s  o f  the n i t r o g e n  

b al a n c e  i n  a c r ack i ng c l ay .  I V .  Fate o f  t h e  th r e e  n i t r og e n  

fe r t i l i z e r s  i n  f a l l ow s o i l  i n  t h e  f i e l d . Au s t . J .  So i l  

Re s . 1 7 : 3 1 7 - 3 2 3 .  

C r o wthe r , E . M . , and T . J . M i r chand an i .  1 9 3 1 .  W i n t e r  

l e ach i ng a nd man u r i a l  v a l ue o f  g r een m a n u r e s  a nd c r o p  

r e s i d u e s  f o r  w i n t e r  whe a t .  J .  Ag r i c . S c i .  2 1 : 4 9 3 - 5 2 5 .  

D a v i d so n , J . M . , a nd P . S . C . Rao . 1 9 7 8 .  U s e  o f  

ma thema t i c a l  r e l a t i o n sh i ps t o  d e sc r i b e  the behav i o ur o f  

n i t r og e n  i n  the c r op r o o t  z o n e . p . 2 9 1 - 3 1 9 . I n  P . F . Pr a t t  

( ed . )  Ma nagement  o f  N i t r o g en i n  I r r i g a ted Ag r i c u l tur e .  

P r o c . Na t l . Con f .  1 5 - 1 8  May 1 9 7 8 .  Un i v e r s i ty o f  

Ca l i fo r n i a , R i v e r s i d e . 

Dav i d s o n , J . M . , P . S . C . Ra o , a nd R . E . J e s s u p . 1 9 7 8 .  

Cr i t i t i que o f  c omputer  s i mu l a t i o n  mod e l l i ng f o r  n i t r og e n  i n  
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p . 1 3 1 - 1 4 3 .  I n  D . R . N i e 1 s o n  a n d  i r r i g a t ed c r o p l a nd s . 

J . G . Ma c D o n a l d  ( ed . )  N i t r og e n  i n  the e n v i r o nmen t , v o l . 1 . 

A c a d em i c  P r e s s , I nc . , New Y o r k . 

D ev , G . , and D . A . Re nn i e .  1 9 7 9 . I s o tope s tud i e s  o n  the 

c omp a r a t i ve 

S o i l  R e s . 

e f f i c i e ncy 

1 7 : 1 5 5 - 1 6 2 . 

o f  n i t r o g e n o u s  s o u r ce s . Au s t . J .  

D o ug 1 a s , J . A . , D . P . S i nc 1 a i r , and T . E . Ludecke . 1 9 7 2 . A 

ma i z e c r o p  r o t a t i o n s t udy i n  P ov e r t y  Bay . P r o c . Ag r o n . 

S o c . N . Z .  2 : 2 1 - 3 0 .  

Dowd e l 1 , R . J . , J . R . Bu r f o r d  a nd R . Crees  • . 1 9 7 9 .  L o s s e s  

o f  n i t r o u s  o x i d e  d i s s o l ved i n  d r a i n age w a t e r  f r om 

a g r i c u l t u r a l  l a nd . N � t u r e  2 7 8 : 3 4 2 - 3 . 

D u f fy , J . , C . Ch u n g , C . Bo a s t , a nd M . F r a n k l i n .  1 9 7 5 . A 

s im u l a t i o n  mod e l  o f  b i o phys i ochem i c a l  t r a n s f o rm a t i o n s  o f  

n i t r og e n  i n  t i l e d r a i ned c o r n  bel t s o i l . J .  Env i r o n . 

Qu a l . 4 :  4 7 7 - 4 8 6 . 

D ut t , G . R . , M . J . Sh a f fe r , a n d  W . J . Mo o r e . 1 9 7 2 .  Comp u t e r  

s imu l a t i o n  mod e l  o f  d y n am i c  b i ophy s i ochem i c a l  p r oc e s s e s  i n  

s o i l s .  T e c h . Bu l l . 1 9 6 , Ag r i c . E x p .  S tn . , Un i v e r s i ty o f  

Ar i zo n a . 

E l l i o t t , J . C . and P . E . H . Gr eg g . 1 9 7 9 .  P r e l im i na r y  

i nv e s t i g a t i o n s  i n to s ome a spec t s  o f  m a i ze f e r t i l i z e r  

n i t r og en req u i r emen t s . P r oc . N . Z .  Fe r t i l i z e r  

Ma n u f a c t u r e r s  A s s oc i a t i o n . 1 7 th C o n fer e nc e . pp . 1 1 9 - 1 2 3 . 

E n d e lman , F . J . , M . L . No r thup , D . R . Kee n e y ,_ J . R . Boy l e ,  a nd 

R . R . H u g he s . 1 9 7 2 .  A s y s t ems approach t o  a n  a n a l y s i s  o f  the 

t e r r e s t r i a l  n i t r o g e n  c yc l e . J .  Eni i r o n . S y s . 2 : 3 - 1 9 .  

E p s te i n , E . , . a nd C . E . Hagen . 1 9 5 2 .  A k i ne t i c s t ud y  o f  

the a b s o r p t i o n  o f  a l k a l i c a t i o n s  by ba r l e y r o o t s . P l a n t  

Phys i o l . 2 7 : 4 5 7 - 4 7 4 . 
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Er i c k so n , A . E . , a nd B . G . E l l i s .  1 9 7 1 .  The n u t r i en t  

c o n ten t o f  d r a i n a g e  wa t e r  f r om a g r i c ul t ur a l  l a nd . M i ch i g a n 

Ag r l .  Exp . S t a . Re s $  Bu l l . 3 1 ,  1 6p .  

Fack , H . J . 1 9 6 5 .  T r ac e r  s t ud i e s  on 

t r a ns f o rma t i o n s  in On t a r i o s o i l s .  Ag r o n . Ab s .  

Soc . Ag r o n . ,  Mad i s o n , W i s e . 

Fa r quh a r , G . o . , R . We t s e l a a r , and P . M . F i r th .  

n i t r og en 

8 3 .  Am .  

1 9 7 9 .  

Ammo n i a  v o l a t i l i s a t i o n  f r om s e ne s c i ng l e ave s o f  m a i z e .  

Sc i ence , 2 0 3 : 1 2 5 7 - 8 . 

F i ed l e r , R . , and G . Pr o k s c h . 1 9 7 5 .  The d e t e rm i n a t i o n o f  

n i t r o g e n - 1 5  by em i s s i o n  a nd m a s s  s pec t r om e t r y  i n  b i oc hem i c a l  

a n a l y s i s . A r ev i ew . An a l . Ch i m . Ac ta . 7 8 : 1 - 6 2 . 

F i r e s to n e , M . K .  1 9 8 2 . B i o l og i c a l  d en i t r i f i c a t i o n . 

p . 2 8 9 - 3 2 6 .  I n  F . J . S t e v e n s o n  ( ed . )  N i t r og en i n  Ag r i c u l tu r a l  

S o i l s , Ag r o n omy 2 2 ,  a� . Soc . Ag r o n . ,  Mad i so n , W i s e . 

Ford , G . W . , and D . J . Gr een l a nd . 1 9 6 8 .  The d y n am i c s  o f  

pa r t l y hum i f i ed o r g a n i c  m a t t e r  i n  s ome a r ab l e  s o i l s . T r a n s . 

N i n th I n t . Cong . S o i l  Sc i . 2 : 4 0 3 - 4 1 0 .  

F r i s se l , M . J . � a n d  J . A . v a n  Vee n . 1 9 8 1 .  S i mu l a t i o n  
-

model  for  n i t r o g e n  immob i l i s a t i o n a nd m i n e r a l i s a t i o n . 

p .  3 5 9 - 3 8 1 .  I n  I . K . I s k a nd a r  ( ed . )  Mod e l l i ng w a s te wa t e r  

r en ov a t i o n  b y  l and d i s po sa l . J o h n  W i l ey a n d  S o n s , I nc . ,  New 

Yo r k . 

Gand a r , P . W . , a nd P . E . H . Gr eg g . 1 9 7 9 .  De s i g n i ng a 

l on g - term n i t r og e n  b a l a nce e x p e r i me n t . P r o c . Ag r on . S o c . 

N . Z .  9 : 2 9 - 3 4 .  

G a r d n e r , W . R .  1 9 6 5 .  Movem e n t  o f  n i t r og en i n  s o i l . 

p . S S 0 - 5 7 2 .  I n  S o i l  N i t r og e n . Ag r o nomy 1 0 .  Am .  S o c . 

Ag r o n . ,  Mad i s o n , W i s e . 
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Ga s s e r , J . K . R . 1 9 6 1 .  So i l  n i t r og e n . I V .  Co r r e l a t i o n s  

b e tween l a bo r a t o r y  mea s u r emen t s  o f  so i l  m i n e r a l  N a nd c r o p  

y i e l d s  a nd r e s po n s e s  i n  po t a nd f i e ld e x p e r imen t s . J .  Sc i .  

F o od Ag r i c . 1 2 : 5 6 2 - 5 . 

G a s t , R . G . , W . W . Ne l s o n , a nd G . D . Rand a l l . 1 9 7 8 .  N i t r a te 

a c c umu l a t i o n i n  s o i l s  a nd l o s s  i n  t i l e d r a i n age f o l l� w i ng 

n i t r og en a p p l i c a t i o n s  i n  c o n t i n u o u s  c o r n . 

Qu a l . 7 : 2 5 8 - 2 6 1 .  

J .  

G e i s t , J . H . , J . O . Re u s s , a n d  D . D . Joh n s o n . 

Env i r o n . 

1 9 7 0 . 

P r ed i c t i o n  o f  n i t r o g e n  fe r t i l i z e r  r e q u i r emen t s  o f  f i e l d  

c r ops . I I .  App l i c a t i o n  o f  the o r e t i c a l  mod e l s  t o  m a l t i ng 

b a r l ey .  Ag r o n . J .  6 2 : 3 8 5 - 9 .  

Goh , K . M . , a nd P . E . H . Gr eg g . 1 9 8 2 . F i e l d  s t ud i e s  o n  the 

f a te o f  r ad i o a c t i ve s u l ph u r  f er t i l i z er appl i ed to pa s t u r e s . 

F e r t .  Re s .  3 : 3 3 7 - 3 5 1 . 

Go l eb , J . A . , and V . M i d d e l bo e . 1 9 6 8 .  Op t i c a l  

n i t r og en - 1 5 a n a l y s i s  o f  sma l l  n i t r ogen s amp l e s  w i t h  a 

m i x t u r e  o f  h e l i um a nd x e n o n  to s u s t a i n  the d i s c h a r g e  i n  a n  

e l ec t r od e l e s s  t ub e . An a l . Ch i m . Ac ta 4 3 : 2 2 9 - 2 3 4 . 

G r ee n l a n d , D . J .  1 9 7 1 .  Ch a n g e s i n  N s t a t u s  a n d  phys i c a l  

c o nd i t i o n  o f  s o i l s  und e r  pa s t u r e s , w i th s pec i a l  r e f e r e n c e  t o  

t h e  m a i n t a n a n c e  o f  t h e  f e r t i l i ty o f  Au s t r a l i a n  s o i l s  used 

f o r  g r ow i ng whe a t . So i l s  a nd F er t i l i z e r s  3 4 : 2 3 7 - 2 5 1 .  

G r ee nwo o d , D . J .  1 9 7 9 .  New a pp r o a c h e s  t o  f o r e c a s t i ng 

the f e r t i l i z e r  r equ i r eme n t s  o f  v e g e t a b l e  c r ops . J .  Roya l 

Ag r i c .  S o c . Eng l a nd . 1 4 0 : 1 0 1 - 8 .  

H a rdey , F .  1 9 4 6 .  S e a s o n a l  f l u c t ua t i on s  o f  s o i l  

m o i � t u r e  a nd n i t r a te i n  hum i d t r o p i c a l  c l im a te s . T r o p . 

Ag r . ( Tr i n i d ad ) . 2 3 : 4 0 - 4 9 .  



H a  rmsen , G .  vl . 

M i ne r a l i s a t i o n  o f  

7 : 2 9 9 - 3 9 8 .  

a nd D .  A .  v a n  Shr even . 

o rg a n i c  N i n  s o i l s . Adv . 
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1 9 5 5 .  

Ag r o n . 

H a r r o ld , L . L . , a nd F . R . Dr e i b e l b i s .  1 9 6 7 .  Ev a l u a t i o n o f  

a g r i c u l t u r a l  hyd r o l ogy by mon o l i th l y s ime ter s . USDA Tech . 

B u l l .  1 3 6 7 ,  1 2 3 p .  Wa sh i n g ton DC . 

Ha r t , P . B . S . , K . M . Goh , a nd T . E . Ludec k e . 1 9 7 9 . N i t r og e n  

m i ne r a l i s a t i o n  i n  f a l l ow and wh e a t  s o i l s  und er f i e l d  and 

l abo r a t o r y  c o nd i t i on s . N . Z .  J .  Ag r i c . Res . 2 2 : 1 1 5 - 1 2 5 .  

H a uc k , R . D .  1 9 7 1 .  Qua n t i t a t i v e  e s t i m a te s  o f  n i t r o g e n  

c y c l e  p r oce s s e s  c o n c e p t s  a nd r ev i ew . p . 6 5 - 8 0 .  I n  

N i t r og e n - 1 5  i n  s o i l - p l a n t  s t ud i e s . I A E.A ,  Vienn a . 

H a u c k , R . D . a nd J . M . B r emn e r . 1 9 7 6 . · U s e  o f  t r a c e r s  f o r  

s o i l  a nd fe r t i l i ze r  N r e s e a rch . Ad v .  Ag r o n . 2 8 : 2 1 9 - 2 6 6 . 

Ho lmes , J . W . i a nd C . L . Wa t s o n . 1 9 6 7 .  Th� wa t e r  budg e t  

o f  i r r i g a ted pa s t u r e  and l a nd n e a r  Mu r r ay br id g e , S o u th 

A u s t r a l i a .  Ag r l .  Me t .  4 : 1 7 7 - 1 8 8 . 

Hood , A . E . M . 1 9 7 6 . The l ea c h i ng o f  n i t r a t e s  f r om 

i n te n s i ve l y  m a n a g e d  g r a s s l a nd a t  J e a l o t t ' s  H i l l . p . 2 0 1 - 2 2 1 .  

I n  Ag r i c u l tu r e  and wa t e r  q u a l i ty .  MAFF Tech . Bu l l .  3 2 . 

HMS O , L o nd o n . 

Ho u l s t o n , J . R . , a nd B . W . Sh i l to n .  1 9 5 8 . Su l ph u r  i so t o p e  

v a r i a t i o n s  i n  n a t u r e pa r t  4 .  Mea s u r emen t o f  s u l ph u r  

i so to p i c  r a t i o  b y  m a s s  spec t r ome t r y . 

1 : 9 1 - 1 0 2 .  

N . Z .  J .  S c i .  

J a c kman , R . H . 1 9 6 4 . Acc um u l a t i o n o f  o rg a n i c  m a t t e r  i n  

s ome New Z ea l a nd s o i l s  u nd e r  perma n e n t  pa s t u r e . I I .  Ra t e s  

o f  m i ne r a l i sa t i o n o f  or g a n i c  ma t te r  a nd supply o f  a v a i l ab l e  

n u t r i en t s . N . Z .  J �  Ag r i c .  Re s .  7 : 4 7 2 - 9 . 



J a n s s o n , S . L . 1 9 5 8 . T r ac e r  

t r a n s f o rm a t i o n s  i n  s o i l  w i th 

s t ud i e s  

spec i a l  

m i n e r a l i s a t i o n  - i mm ob i l i s a t i o n  r e l a t i o n sh i p .  

Ag r .  C o l l . ,  Sweo e n . 2 4 : 1 0 1 - 3 6 1 . 
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o n  n i t r ogen 

a t te n t i o n to 

Ann . Roy . 

J a n s s o n , S . L . 1 9 7 1 .  U s e  o f  N - 1 5  i n  s t ud i e s  o f  s o i l  

n i t r o g e n . p . l 2 9 - 1 6 6 .  I n  A . D . Mc La r en and J . Sk u j i n s  ( ed . )  

S o i l  B i o c h em i s t r y  I I .  Ma r c e l  D e k k e r  I nc . , New Y o r k . 

J e n k i n s o n , D . S .  1 9 6 6 .  The p r im i ng a c t i o n . p . l 9 9 - 2 0 8 . 

I n  The u s e  o f  i s o t o p e s  i n  s o i l  o r g a n i c  m a t t e r  s t ud i e s . 

FAO/ I A E A , Pe r g amon P r e s s , I nc . ,  New Yo r k . 

J o h n s to n , A . E .  1 9 7 6 .  Add i t i o n s  and r emov a l s  o f  N and P 

i n  l on g  t e rm e x p e r ime n t s  a t  Ro thamsted a n d  Wob u r n  a nd the 

e f fec t o f  the r e s i d u c s  on t o t a l  s o i l  N a nd P .  p . l l l - 1 4 4 . 

I n  Ag r i c ul t u r e  a nd wa t e r  qua l i ty .  

MAFF , HMS O ,  L o nd o n . 

Techn i c a l  Bu l l .  3 2 ,  

J o n e s , M . B . , C . C . De l w i che , and W . A . W i l l i am s . 1 9 7 7 .  

Uptake a nd l o s se s  o f  N - 1 5  a pp l i ed t o  annua l g r a s s  a nd c l over  

i n  l y s i m e te r s .  Ag r o n . J .  6 9 : 1 0 1 9 - 1 0 2 3 .  

Ka n c h a n a s u t , P . , a nd D . R . Sc o t te r . 1 9 8 2 .  

p a t te r n s  i n  s o i l  und e r  p a s t u r e  and c r o p . Au s t . 

Res . 2 0 : 1 9 3 - 2 0 2 .  

a nd J . Ba g 1 ey . 

Leach i ng 

J .  So i l  

1 9 7 8 .  Kan em a s u , E . T . , 

E s t ima t i ng w a t e r  

V . P . Ra smu s s e n , 

r equ i r em e n t s  f o r c o r n  w i th a " poc k e t "  

c a l c ul a t o r: . B u l l e t i n  6 1 5 ,  Ag r: i .  Expt . S t a . , Kan s a s  

Un i v e r s i ty .  

Ke e n e y , D . R . 1 9 8 2 .  N i t r o g e n  man a g emen t f o r:  ma x i mum 

e f f i c i e nc y  a nd 

F .  J .  S te v e n s o n  ( ed . )  

m i n i m um p o l l u t i on .  p . 6 0 5 - 6 4 9 .  I n  

N i t r og e n  i n  ag r i c u l tur a l  s o i l s .  

Ag r o n omy 2 2 .  Am .  Soc . Ag r: o n . ,  Mad i so n , W i se . 



K e e n ey , D . R . , a nd A . N . Macg r eg o r . 1 9 7 8 .  
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S h o r t- t e rm 

cyc l i n g  of N- 1 5  u r e a  i n  a r yeg r a s s - wh i te c l o v e r  pa s t u r e . 

N . Z .  J .  Ag r i c . Re s . 2 1 : 4 4 3 - 8 .  

Ke e n ey , D . R . , and M . J . Ted e s c o . 1 9 7 3 . Samp l e 

p r e pa r a t i on f o r  a nd n i t r og en i s o to pe a n a l y s i s  by t h e  NO l - 4  

em i s s i o n spec t r o s c o pe . An a l . Ch i m . Ac ta 6 5 : 1 9 - 3 4 .  

Ke eney , D . R . , a nd J . M . B r emne r . 1 9 6 7 .  D e t e rm i n a t i o n and 

i s o t o pe r a t i o  a n a l y s i s  o f  d i f fe r e n t  f o rms of  n i t r og e n  i n  

so i l s :  4 .  M i n e r a l i s a b l e  n i t r og en . So i l .  Sc i .  Soc . 

Pr o c . 3 1 : 3 4 - 9 . 

Am .  

Ke r r , J . P . , and B . E . C l o th i e r . 1 9 7 5 .  Mod e l l i n g  

evapo t r a n s p i r a t i o n  o f  a ma i z e c r op .  P r o c . Ag r on . S o c . 

N . Z . , 5 : 4 9 - 5 3 . 

K i r kham , D . , and �v . V.  B a r  tho l ome\v . 1 9 5 4 . Equ a t i o ns f o r  

f o l l o w i ng 
'
n u t r i e n t  t r a n s f o rm a t i o n s  i n  s o i l , u t i l i z i ng t r a c e r  

d a t a . S o i l  Sc i .  Soc . Am . Pr o c . 1 8 : 3 3 - 4 . 

K i s se l , D . E . , S . J . Sm i th ,  a nd D . W . D i l l ow . 1 9 7 6 .  

D i s po s i t i o n  o f  f e r t i l i ze r  n i t r a te app l i e d  to swe l l i ng c l a y  

s o i l  i n  the f i e l d . J .  Env i ro n . Qu a l . ,  5 : 6 6 - 7 1 .  

K i s se l , D . E . , S . J . Sm i th ,  W . L . Ha r g r o v e , and D . W . D i l l ow . 

1 9 7 7 .  Immob i l i s a t i o n  o f  f er t i l i z e r  n i t r a te a pp l i ed t o  a 

s we l l i ng c l ay s o i l  i n  the f i e l d . So i l  Sc i .  Soc . 

4 1 : 3 4 6 - 9 .  

Am . J .  

K i s s e l , D . E . , a nd S . J . Sm i th .  1 9 7 8 .  Fa te o f  f e r t i l i z e r  

n i t r a te appl i ed to c o a s t a l  be rmud ag r a s s  o q  a s we l l i ng c l a y  

s o i l . So i l  Sc i .  Soc . Am .  J .  4 2 : 7 7 - 8 0 .  

Kowa l e n k o , C . G . , a nd D . R . Came r on . 1 9 7 8 .  N i t r o g e n  

t r a n s f o rm a t i o ns i n  s o i l  - pl a n t sys tems i n  thr ee yea r s  o f  
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f i e l d  e x p e r ime n t s  u s i ng t r ac e r  a nd non- t r a c e r  me thod s on a n  

ammo n i um- f i x i ng s o i l . Can . J .  So i l  S c i .  5 8 : 1 9 5 - 2 0 8 .  

Kund l e r , P . 1 9 7 0 .  U t i l i s a t i o n , f i x a t i o n , a nd l o s s  o f  

f e r t i l i ze r  n i t r o g en . ( Rev i ew o f  i n t e r n a t i o n a l  r e s u l t s  o f  

t h e  l a s t 1 0  yea r s  b a s i c r e s e a r ch ) . A l b r ech t - Th a e r -Arch . 

1 4  ( 3 ) : 1 9 1 -2 1 0 .  

Ladd , J . N . , J . W . Pa r s o n s , and M . �� a t o . 1 9 7 7 .  S t ud i e s  o n  

n i t r og e n  in�ob i l i s a t i o n a nd m i n e r a l i s a t i o n  i n  c a l c a r e o u s  

s o i l s : I I .  M i ne r a l i s a t i o n o f  i mmob i l i s ed n i t r o g e n  f r om 

s o i l  f r ac t i o n s  o f  d i f f e r e n t  p a r t i c l e  s i z e a nd d e n s i ty .  So i l  

B i o l . B i o chem . 9 : 3 1 9 - 3 2 5 .  

L a dd , J . N . , J . M . Oad e s , a nd M . Am a t o . 1 9 8 la . M i c r ob i a l  

b i oma s s  f o rmed f r om C - 1 4 ,  N - 1 5  l abe l l ed p l an t  ma ter i a l , 

d ec omp o s i ng i n  s o i l s  i n  the f i e l d . S o i l  B i o l . B i o chem . 

1 3 : 1 1 9 - 1 2 6 .  

Ladd , J .  N . , J . M . Oa d e s , a n d  M . Am a t o . 1 9 8 lb . 

D i s t r i b u t i o n  a nd r e c o very o f  N f r om l eg ume r e s i d u e s  

d e c ompo s i ng i n  s o i l s  s o wn t o  whe a t  i n  t h e  f i e l d . S o i l  B i o l . 

B i o c h em . 1 3 : 2 5 1 - 6 . 

La u r a , R . D .  1 9 7 4 . E f fe c t s  o f  neut r a l  s a l t s o n  c a r b o n  

a nd n i t r o g e n  m i n er a l i s a t i o n  o f  o r g an i c  m a t te r  i n  s o i l s . 

P l a n t  S o i l  4 1 : 1 1 3 - 1 2 7 . 

L a u r a , R . D . 1 9 7 5 . 

f e r t i l i z e r s .  So i l  Sc i .  

On the 11 pr im i ng e f f e c t 11 o f  

S o c . Am .  P r o c . 3 9 : 3 8 5 .  

ammo n i um 

L e g g , J . O . , and F . E . A l l i s on . 1 9 5 9 .  Rec o v e r y o f  N - 1 5 

t a g g ed n i t r og e n  f r om a mmo n i um- f i x i ng so i l s . S o i l  S c i .  S o c . 

Am .  P r o c . 2 3 : 1 3 1 - 4 . 

Legg , J . O . , a n d  G . S t a n f o r d . 1 9 6 7 .  U t i l i s a t i o n  o f  s o i l  

a nd f e r t il i z e r  N by o a t s  i n  r e l a t i on t o  the a v a i l ab l e  N 

s t a t u s  o f  s o i l s .  S o i l  Sc i .  S o c . Am .  P r o c . 3 1 : 2 1 5 - 9 . 



Legg , J . O . , a nd 

bud g e ts . p . 5 0 3 - 6 6 .  

Ag r i c u l t u r a l  So i l s .  

Mad i s o n , \H s c . 
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J . J . Me i s i ng e r . 1 9 8 2 .  So i l  n i t r og e n  

In F . J . S t ev e n s o n  ( ed . ) . N i t r og en i n  

Ag r o n omy 2 2 .  Am .  Soc . Ag r o n . ,  

Log a n , T . J . , G . W . Ra n d a l l ,  a nd D . R . T i mmo n s .  1 9 8 0 . 

N u t r i e n t  c o n t e n t  o f  t i l e  d r a i na g e  f r om c r o p l a nd i n  the n o r th 

c e n t r a l  reg i o n  of  USA . Res . B u l l .  1 1 1 9 .  Oh i o  Ag r l . Re s .  

Dev el opment  c e n t e r . Oh i o . 

Low , A . J . , and  F . J . P i p e r . 1 9 5 7 . N i t r o g en , s u l ph u r , a n d  

c a rbon u p t a k e  f r om s om e  n i t r og e no u s  f e r t i l i z e r s  u s i ng N - 1 5 ,  

S - 3 5 ,  and C - 1 3  a s  t r ac e r s .  J .  Ag r .  Sc i .  4 9 : 5 6 - 5 9 .  

Ludecke , T . E . , a nd K . C . Th am . 1 9 7 1 .  ·sea s o n a l v a r i a t i on s  

i n  the l ev e l s  o f  m i n e r a l  n i t r o g e n  i n  two s o i l s  und e r  

d i f fe r e n t  m a n ag em e n t  s y s tem s . 

1 : 2 0 3 - 2 1 4 .  

P r o c . l>.g r o n . S o c . N . Z .  

Ma c Ke n z i e , A . J . , and  F . G . Vi e t s . 1 9 7 4 . Nu t r i e n t  a n d  

o ther c hem i c a l s  i n  ag r i c u l t ur a l  d r a i n a g e  w a t e r s . p . 4 8 9 - 5 1 1 .  

I n  J . v a n  Sch i l f g a a rd e  ( ed . )  Dr a i n a g e  f o r  a g r i c u l tu r e . 

Ag r o nomy 1 7 .  Am .  Soc . Ag r o n . ,  Mad i s o n , W i se .  

Ma r t i n , A . E . , and G . W . Sk y r i ng . 1 9 6 2 . L o s s e s  o f  

n i t r og e n  f r om s o i l  - p l a n t  s y s t em .  p . l 9 - 3 4 .  I n  A r ev i e w  o f  

n i t r o g e n  i n  the t r o p i c s  w i th pa r t i c u l a r  r e fe r e n c e  t o  

pa s t ur e s . Commo nw . B u r . Pa s t . F i e ld C r ops , Tech . B u l l . 

4 6 . , Hur l ey ( E ng l and ) . 

Ma r t i n , A . E . ,  E . F . He n z e l l ,  P . J . Ro s s  and K . P . Ha yd oc k . 

1 9 6 2 �  I s o to p i c  s t ud i e s  o n  the u p ta k e  o f  n i t r o g e n  by pa s t u r e  

g r as s e s . I .  Rec o v e r y  o f  fer t i l i ze r  n i t r og e n  f r om the s o i l  : 

p l a n t  s y s tem u s i ng rhodes g r a s s i n  po t s . Au s t .  J .  S o i l  

Re s .  1 : 1 6 9 - 1 8 4 . 
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Mc i l r oy , I . C . , a nd D . E . Ang u s . 1 9 6 4 .  G r a s s , w a t e r , a nd 

s o i l  evapo r a t i o n a t  Aspend a l e .  Ag r .  Me t eo r o l . 1 : 2 0 1 - 2 2 4 . 

McLaren , A . D .  1 9 6 9 .  S te ady s t a te s t ud i e s  o f  

n i t r i f i c a t i o n  i n  s o i l : The o r e t i c a l  c o n s i d er a t i o n s . So i l  

Sc i .  Soc . Am . P r o c . 3 3 : 2 7 3 - 6 . 

Mc La ren , A . D .  1 9 7 1 .  K i ne t i c s  o f  n i t r i f i c a t i o n  i n  .so i l : 

G r owth o f  t h e  n i t r i f i e r s . 

3 5 : 9 1 - 5 . 

S o i l  Sc i .  Soc . Am .  P r oc . 

Mc Ne a l , B . L . , a nd P . F . Pr a t t . 1 9 7 8 .  Leac h i ng o f  n i t r a te 

f r om s o i l s .  p . l 9 5 - 2 3 0 .  I n  

i r r i g a ted ag r i c u l t u r e .  P r o c . 

M a n a g ement o f  n i t r og e n  i n  

Na t l . Co n f .  1 5- 1 8  M a y  1 9 7 8 .  

U n i v e r s i ty o f  C a l i fo r n i a ,  R i ve r s i d e . 

Meg u s a r . F .  

c a u s ed by the 

1 9 6 8 .  Depr e s s i ng e f fec t s  o n  m i n er a l i s a t i o n 

add i t i o n  o f  m i n e r a l  n i t r og e n  t o  s o i l . 

p . 1 4 3 - 1 4 9 .  I n  I s o t o pe s  a nd r ad i a t i o n  i n  s o i l  o r g an i c  m a t t e r  

s t ud i e s . I A E A .  V i e n n a . 

Meh r an , M . , and K . K . Ta n j i .  1 9 7 4 . Computer  mod e l l i ng o f  

n i t r og e n  t r a n s f o rm a t i o n s  i n  s o i l s .  J .  Env i r o n . Q u a l . 

3 : 3 9 1 - 3 9 5 .  

Me n z i e s , I . G . 1 9 8 0 . T r end s  i n  n i t r og e n  fe r t i l i ze r  u s e . 

N . Z .  Ag r i c .  Sc i .  1 4 : 1 0 5 - 8 .  

Meye r , G . W . , B . D . McCa s l i n ,  a n d  R . G . Ga s t . 1 9 7 4 .  Samp l e  

p r e pa r a t i o n  a nd N - 1 5  a na l y s i s  u s i ng a S t a t ro n  NO l - 5  o p t i c a l  

a n a l y ze r . So i l  S c i .  1 1 7 : 3 7 8 - 3 8 5 . 

M i l l e r , M . H .  1 9 7 9 .  Con t r i b u t i o n  o f  n i t r og en a nd 

pho spho r u s  t o  s ub s u r f a c e  d r a i n a g e wa t e r  f r om i n te n s i ve l y  

c ro pped m i ne r a l  a nd o r g a n i c  s o i l s  i n  On t a r i o .  J .  

Qua l . 8 : 4 2 - 8 . 

E nv i r o n . 



Mye r s , R . J . K . , a nd E . A . Pa u l . 1 9 7 1 .  
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P l a n t  u p t a k e  a nd 

i mmob i l i s a t i o n  o f  N - 1 5  l ab e l l ed amm o n i um n i t r a te i n  a f i e l d  

e x pe r iment  w i th whe a t . p . 5 5 - 6 4 . 

S o i l - P l a n t  S t ud i e s . I A EA . Vienna . 

I n  N i t r og e n - 1 5  i n  

Na Nag a r a , T . , R . E . Ph i l l i ps , a nd J . E . Legge t t .  1 9 7 6 . 

D i f f u s i o n  and m a s s  f l ow o f  n i t r a te N i n t o  c o r n  r o o t s  und e r  

f i e l d c o nd i t i on s . Ag r o n . J .  6 8 : 6 7 - 7 2 . 

Ne l s o n , D . vl .  1 9 8 2 . G a s e o u s  l o s s e s  o f  n i t r og e n  o th e r  

t h a n  th r o ugh d en i t r i f i c a t i o n . p . 3 2 7 - 3 6 2 .  I n  F . J . S t e v e n s o n  

( ed . ) . N i t r ogen i n  Ag r i c u l t u r a l  So i l s , Ag r o nomy 2 2 .  Am . 

Soc . Ag r o n . ,  Mad i so n , W i se . 

Nut t a l l , W . F .  1 9 7 3 . Y i e l d  r e s po n s e  � f Conqu e s t  b a r l ey 

a s  a f fec ted by n i t r ogen fer t i l i z e r  a nd so i l  t e s t s  f o r  

ammo n i um a nd n i t r a te n i t r og e n . 

5 3 : 1 6 3 - 8 .  

C a n . 

Nye , P . H . , 

d i f f u s i o n  a nd 

Cong . So i l  Sc i .  

a nd J . A . Sp i e r s . 1 9 6 4 . 

m a s s  f l ow t o  p l a n t  r o o t s . 

3 : 5 3 5 - 5 4 2 .  Bucha r e s t . 

J .  So i l  Sc i .  

S im u l ta n e o u s  

T r an s . 8 th I n t . 

O l s en , S . R . , a nd v7 . D . Kempe r . 1 9 6 8 .  Movemen t  o f  

n u t r i e n t s  t o  p l a n t  r o o t s . Ad v . Ag r o n . 2 0 : 9 1 - 1 5 1 . 

O l s en , R . J . , R . F . He n s l e r , O . J . At t oc , S . A . Wi t z e l , a nd 

L . A . Pe te r s o n . 1 9 7 0 . Fe r t i l i ze r  n i t r og e n  and c r o p  r o t a t i o n  

i n  r e l a t i o n  t o  m o v em e n t  o f  n i t r a te n i t r og en t h r o u g h  s o i l  

pr o f i l e s . So i l  S c i .  S o c . Am . Pr o c . 3 4 : 4 4 8 - 4 5 2 . 

O l s on , R . A . , a nd L . T . Ku r t z . C r o p  n i t r ogen r eq u i r em en t s , 

u t i l i z a t i o n ,  a n d  f e r t i l i za t i o n . p . 5 6 7 - 6 0 4 . I n  

F . J . S te v e n s o n  ( ed . ) . N i t r og en i n  Ag r i c u l t u r a l  S o i l s .  

Ag r o nomy 2 2 .  Am . Soc . Ag r o n . ,  Mad i s o n ,  W i se . 
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O l s on , R . V . , 

1 9 7 9 .  Fa t e  o f  

L . S . Mu r phy , H . C . Mo s e r , a nd C . W . Swa l l o w . 

t a g g ed n i t r og en app l i ed t o  w i n te r  whe a t . 

S o i l  S c i .  Soc . Am .  J .  4 3 : 9 7 3 - 5 .  

O l s o n , R . V . 1 9 8 0 . Fa t e  o f  t a g g ed n i t r o g e n  

S e  i .  · S o c . 

fe r t i l i z e r  

a pp l i ed 

4 4 : 5 1 4 -7 . 

t o  i r r i g a ted c o r n . So i l  Am . J .  

Ov e r r e i n , L . N . , and  P . G . Moe . 1 9 6 7 .  Fa c t o r s  a f fec t i ng 

u r e a  h yd r o l y s i s  a nd ammon i a v o l a t i l i z a t i o n  i n  s o i l .  S o i l  

S c i .  S o c . Am . Pr o c . 3 1 : 5 7 - 6 1 .  

Owe n s , L . D . 1 9 6 0 .  N i t r og e n  m o vem e n t  a nd 

t r a n s f o rm a t i o n s  i n  s o i l s  a s  e v a l u a ted by a l y s irne t e r  s t u d y  

u t i l i s i ng i s o to p i c  n i t r og en . S o i l  Sc i .  

2 4 : 3 7 2 - 6 . 

S o c . Am .  P r o c . 

P a t r i c k , W . H . , and K . R . Red d y . 1 9 7 6 .  Fa t e  o f  fe r t i l i z e r  

n i t r og en i n  f l ooded r i ce s o i l .  So i l  S c i .  S o c . Am . J .  

4 0 : 6 7 8 - 6 8 1 . 

P e r s c h k e , , H . ,  G . P r o k s c h , E . A . Ke r o e , a nd A . Muehl . 1 9 7 1 .  

Imp r o v em e n t s  i n  the d e te rm i na t i o n  o f  N - 1 5  i n  t he l ow 

c on c e n t r a t i o n  r a ng e by em i s s i o n  spec t r om e t r y . An a l . Ch im . 

Ac t a . 5 3 : 4 5 9 - 4 6 3  • •  

P r i e s t l e y , C . H . B . , a nd R . J . Tayl o r . 1 9 7 2 .  On the 

a s s e s sm e n t  o f  s u r f a c e  he a t  f l ux a nd ev a po r a t i o n  u s i ng 

l ar g e - s c a a l e  pa r am e te r s .  Mo n th . We a th e r  Rev . ,  1 0 0 : 8 1 -9 2 �  

P r u i tt , w . o . , and D . E . Ang u s . 1 9 6 0 .  

l ys i m e t e r f o r  meas u r i ng ev apo t r a n s p i r a t i o n . 

Eng . T r a n s . 3 : 1 3 - 1 5 .  

L a r g e  we i g h i ng 

Am .  S o c . Ag r .  

Q u i n , B . F .  1 9 8 2 . I nd i r ec t ev i d e n c e  f o r  l a r g e - sc a l e  

n i t r og e n  l o s se s  f r om whe a t  io l i ag e  t o  the a tmo s ph e r e .  I n  

N i t r o g e n  b a l a n c e s  i n  New Z e a l a nd ec o s y s t em s . DS I R ,  New 

Z e a l and . pp . 2 0 5 - 8 . 
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Qu i n , B . F . , a nd E . G . D r e w i t t . 1 9 7 9 .  The g r o w t h , 

n i t r o g e n  uptar. e  and y i e l d  o f  s p r i n g - sown whe a t  o n  L i sm o r. e  

s i l t  l o am . Proc . Ag r o n . Soc . N . Z .  9 : 1 3 3 - 8 .  

Qu i n n , B . F . , E . G . Dr ew i t t  and R . C . S t e phen . 1 9 8 2 . A s o i l  

i nc ub a t i on t e s t  f o r  e s t ima t i ng whe a t  y i e ld s  a nd n i t r og en 

r eq u i r ements . P r o c . Ag r o n . S o c . N . Z .  1 2 : 3 5- 4 0 .  

Ra o , K . P . 

b a r l ey . 1 .  

5 7 : 5 5 - 8 . 

a nd D . 'd .  Ra i n s . 

Ki ne t i c s  and 

1 9 7 6 .  N i t r a te ab s o r p t i o n  by 

e n e r g e t i c s . P l a n t  Phys i o l . 

Redd y , K . R . , R . Kha l ee l , M . R . O v e r c a sh , a nd . P . W . We s t e r m a n . 

1 9 7 9 a .  

a n i m a l  

A no n -po i n t  

wa s t e : I .  

s o u rc e  model  f o r  l a nd a r e a s  r ec e i v i ng 

M i n e r a l i s a t i o n  o f  o r g an i c  n i t r og en . 

T r a n s . ASAE 2 2 : 8 6 3 - 8 7 2 . 

Redd y , K . R . , R . Kh a l e e l , M . R . Ov e r c a sh , a nd P . W . We s t e rm a n . 

1 9 7 9b .  A no n-po i n t  s o u r c e  m o d e l  f o r  l a nd a r e a s  r ece i v i ng 

a n i m a l  wa s t e : 

2 2 : 1 3 9 8 - 1 4 0 5 .  

I I .  Amm o n i a  v o l a t i l i sa t i o n . T r a n s . ASAE 

Ro s s , D . J . ,  K . R . Ta te , and  A . Ca i r n s . 1 9 8 2 .  B i ochem i c a l  

cha n g e s  i n  a yel l ow - b r own l o am a nd a c en t r a l  g le y  s o i l  

c o n v e r ted f r om pa s t u r e  t o  m a i ze i n  the Wa i k a to a r ea . N . Z .  

J .  Ag r i c .  Re s . 2 5 : 3 5 - 4 2 . 

Ru s s e l l , E . W .  1 9 7 3 . So i l  cond i t i o n  a nd p l a n t  g ro w th . 

l O t h  e d . ,  Lo ngmans , L o n d o n . 

Ru s s e l l , J . S .  1 9 7 5 .  A m a t hema t i c a l  t r e a tm e n t  o f  t h e  

e f f e c t  o f  c r o pp i ng s y s t �ms o n  so i l  o rg a n i q  n i t r ogen i n  t wo 

l ong t e rm seque n t i a l  e x p e r imen t s . J .  So i l  Sc i .  1 2 0 : 3 7 - 4 4 .  

S abey , B . R . , L . R . F r ed e r i c k , and W . V . Ba r tho l omew . 1 9 5 9 . 

The f o rm a t i o n  o f  n i t r a te f r om amm o n i um n i t r o g e n  i n  s o i l s .  
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I I I .  I n f l uence o f  t empe r a t u r e  a nd i n i t i a l popul a t i o n o f  

n i t r i fy i ng o r g a n i sms o n  the max imum r a te and d e l a y p e r i o d . 

S o i l  Sc i .  Soc . Am . P r o c . 2 3 : 4 6 2 - 5 . 

S a n kh a yan , S . D . , and U . C . Sh uk l a .  1 9 7 6 . Ra t e s  o f  u r e a  

h yd r o l y s i s  i n  f i ve s o i l s  o f  I nd i a .  Geod e rma 1 6 : 1 7 1 - 8 . 

S a x t o n , K . E . , G . E . S c h uman , ·and  R . E . Bu r we l l . 1 9 7 7 .  

M od e l l i ng n i t r a te m o v eme n t  a nd d i s s i pa t i o n  i n  f er t i l i zed 

s o i l s .  S o i l  Sc i .  S o c . F� . J .  4 1 : 2 6 5 - 2 7 1 .  

1 9 7 8 .  P r e f e r en t i a l  s o l u t e  m o v emen t S c o t ter , D . R .  

t h r o ug h  l ar g e r  s o i l  v o i d s .  I • Some c ompu t a t i o n s  us i ng 

s impl e theory . Au s t .  J .  So i l  Re s . 1 6 : 2 5 7 - 2 6 7 .  

S c o t t e r , D . R . , B . E . C l o t h i e r  and M . A . Tu r n e r . 1 9 7 9 .  The 

s o i l  wa t e r  b a l ance i n  a F r ag i a q ua l f a nd i t s e f f e c t  o n  

p a s t u r e  g r owth i n  c en t r a l  New Z e a l and . Au s t . J .  S o i l  R e s . 

1 7 : 4 5 5 - 4 6 5 .  

S c o t t e r , D . R .  and P . Ka nchan a s u t . 1 9 8 1 .  An i o n  movem e n t 

i n  a s o i l  und e r  pa s t u r e . Au s t .  J .  S o i l  Res . 1 9 : 2 9 9 - 3 0 7 .  

S ea r s , P . D . , V . C . Good a l l , and R . H . J a c kman . 1 9 6 5 . 

P a s t u r e  g rowth a nd s o i l  f er t i l i ty .  I X .  Repe a ted c r o pp i ng 

o f a s o i l  prev i o us l y  und e r  h i g h qua l i ty pe rm a ne n t  p a s t u r e . 

N . Z .  J .  Ag r .  Re s . 8 : 4 9 7 - 5 1 0 .  

S e l i m , H . M . , and I . K . I s ka n d a r . 1 9 8 1 . Mod e l l i ng n i t r o g e n  

t r an s po r t  and t r a n s f o rm a t i o n s  i n  s o i l s : 

c o n s i d e r a t i o n s . So i l  S c i .  1 3 1 : 2 3 3 - - 2 4 1 . 

I .  Theo r e t i c a l  

Sha f f er , M . J . , and S . C . Gupta . 1 9 8 1 .  Hyd r o s a l i n i ty 

m od e l s a nd f i e ld v a l i d a t i o n . p . l 3 7 - l 8 l . I n  I . K . I skand a r  

( ed . )  Mod e l l i ng w a s te wa t e r  r e n ov a t i o n  by l a nd t r e a tmen t .  

J o h n  Wi l ey and S o n s , I nc . ,  New Yo r k .  
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Sh a r p l e y , A . N . , a n d  J . K . Syer s .  1 9 8 1 .  Amo u n t s  a nd 

r e l a t i v e s i g n i f i c a n c e  o f  r un o f f  type s i n  the t r a n s po r t  o f  

n i t r og e n  i n to a s t r e am d r a i n i n g an a g r i c u l t ur a l  wa t e r s h ed . 

Wa t e r , A i r , a nd So i l  Po l l u t . 1 5 : 2 9 9 - 3 0 8 .  

S h i ng o  M i t s u i . 1 9 6 8 .  U r e a , i t s c h a r ac ter i s t i c s  a nd 

e f f i c i e n t  u s e  a s  fe r t i l i ze r  i n  Japan . Pub l i shed by U r e a  

Re s e a r c h  Or g a n i s a t i o n  o f  J a p a n  ammon i um s u l ph a t e  i nd u s t r y  

a s s o c i a t i o n ,  Tokyo . 

Sh u f o rd , J . W . , D . D . F r i t t o n , and D .  E.  Bake r . 1 9 7 7 .  

N i t r a t e n i t r ogen 

f i e l d  s o i l . J .  

a nd ch l o r i d e  m ovem e n t  t h r o ugh u nd i s t u rbed 

Env i r o n . Qu a l . 6 : 7 3 6 - 9 . 

Sm i th , S . J . , and  R . J . Dav i s .  1 9 7 4 .  Re l a t i ve movem e n t  o f  

b r om i d e  a nd n i t r a te th r o u g h  s o i l s .  J .  Env i r o n . Qu a l .  

3 : 1 5 2 - 5 .  

Sm i th , C . J . , a nd P . M . Ch a l k . 1 9 8 0 . Compa r i s o n  o f  the 

e f f i c i e ncy o f  u r e a , a q u eo u s  ammon i a  a nd amm o n i um s u l ph a te a s  

n i t r og en f e r t i l i z e r s . P l a n t  a nd So i l , 5 5 : 3 3 3 - 7 .  

S o p e r , R . J . ,  G . J . Ra c z , a nd P . I . Fehr . 1 9 7 1 .  N i t r a te 

n i t r og en i n  the s o i l  a s  a m e a n s  o f  p r ed i c t i ng the fe r t i l i z e r  

n i t r og e n  r e qu i r em e n t s  o f  b a r l ey . Can . J .  S o i l  Sc i .  

5 1 : 4 5- 9 . 

S ta n f o r d , G .  1 9 8 2 .  

a v a i l ab i l i ty .  p . 6 5 1 - 6 8 8 .  

As s e s smen t o f  so i l  n i t r o g e n  

I n  F . J . S t eve n s o n  ( ed . )  N i t r og e n  

i n  a g r i c u l t u r a l  s o i l s .  

Mad i s o n , W i se .  

Ag r o nomy 2 2 . A..rn • S o c . Ag r o n . 

S t a n f o r d , G . , a nd E . Ep s te i n . 1 9 7 4 . N i t r og en 

m i ne r a l i sa t i o n  - wa t e r  r e l a t i on s  i n  s o i l s . So i l  Sc i .  S o c . 

Am .  P r o c . 3 8 : 1 0 3 - 6 . 
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The n i t r og en e c o n omy o f  c r op 

b a l ances in New Z e a l a n d  ec o s y s tems . 

D S I R ,  New Z e a l and . pp . l 5 7 - 1 6 2 .  

S t ee l e , K .  \v . ,  D . M . Co o pe r , a nd C . B . Dy s o n . 1 9 8 2 . 

E s t im a t i ng n i t r o g e n  f e r t i l i z e r  r e q u i r emen t s  i n  m a i z e g r a i n  

p r o d uc t i o n . I .  De t e r m i n a t i o n o f '  a v a i l ab l e  s o i l  n i t r og en 

a nd p r ed i c t i o n  o f  g r a i n  y i e ld i nc r e a s e  t o  a pp l i ed n i t r og en . 

N . Z .  J .  Ag r . Re s .  2 5 : 1 9 9 - 2 0 6 .  

S t e phen , R . C .  1 9 8 2 .  N i t r o g e n  f e r t i l i z e r s  i n  c e r e a l  

p r o d uc t i o n . p .  7 7 - 9 4 .  I n  P . B . Lynch ( ed . )  N i t r og en 

f e r t i l i z e r s i n  New Z e a l a nd a g r i c u l t u r e . N Z I A S , We l l i ng to n . 

S t e wa r t , B . A . , D . D . John s o n  and L . K . P6r t e r . 1 9 6 3 . The 

a v a i l ab i l i ty o f  

d e c ompo s i t i o n o f  

2 7 : 6 5 6 - 9 .  

f e r t i l i z e r  n i t r og e n  

s t r aw .  So i l  Sc i .  

immob i l i s ed 

Soc . Am .  

d u r i ng 

P r o c . 

S t o j a n o v i c , B . J . , and  F . E . B r o ad b e n t .  1 9 5 6 .  

I mmob i l i s a t i o n  a n d  m i n e r a l i s a t i o n  o f  n i t r og e n  d u r i ng 

d ec ompo s i t i o n  o f  p l a n t  r e s i d u e s  i n  so i l . So i l  Sc i .  Soc . 

Am .  P r o c . 2 0 : 2 1 3 - 8 . 

S to r r i e r , R . R .  1 9 6 5 .  The a v a i l ab i l i ty o f  m i ne r a l  

n i t r og en i n  a whea t s o i l  f r om s o u th e r n  New So u th Wa l e s . 

Au s t .  J .  E x p .  Ag r i c .  An i m . H u sh . ,  5 : 3 2 3 - 3 2 8 .  

T a c k e t t , J . L . , E . B u r ne t t , and D . W . F r y r e a r .  1 9 6 5 .  A 

r ap i d  p r o c ed u r e  f o r s ec u r i ng l a r g e , und i s t u r b ed s o i l  c o r e s . 

S o i l  Sc i .  Soc . Am .  P r o c . 2 9 : 2 1 8 - 2 2 0 . 

T a n j i , K . K . 1 9 8 1 .  App r o a c h e s  a n d  

m od e l l i ng . p . 2 0 - 4 1 .  I n  I . K . I s k a nd a r  

ph i l o s o ph y  i n  

( ed . )  Mod e l l i ng 

w a s t e wa t e r  r en o v a t i o n by l a nd tr e a tm e n t  o f  wa s t ewa te r . John 

W i l e y  a nd Son s , I nc . ,  New Yor k . 
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1 9 8 2 .  Mod e l l i ng o f  the so � l n i t r og e n  c yc l e .  

p .  7 2 1 - 7 7 2 . I n  F . J .  Stev e n s o n  ( ed . )  N i t r o g e n  i n  

Ag r i c u l t u r a l  So i l s .  Ag r o nomy 2 2 .  Am e r i c an Soc i e t y o f  

A g r o nomy , Mad i s o n , Wi s e . 

T a n j i , K . K . a nd S . K . Gup t a . 1 9 7 8 .  Computer s i mu l a t i o n  

mode l l i ng for n i t r og e n  i n  i r r i g a ted c r o p l a nd s . p . 7 9 - 1 3 0 .  I n  

D . R . N i e l son a nd J . G . HacDo n a l d  ( ed . )  N i t r o g e n i n  the 

e nv i r o nro e n t , Vo l . I . Ac adem i c  P r e s s , I nc . ,  Londo n . 

T a n j i , K . K . , F . E . B r o adben t ,  

1 9 7 9 .  An ex t e n d ed v e r s i o n  o f  

M . Me h r a n , and 

a c o n c e p t u a l  

M .  F r i ed . 

m o d e l  f o r  

ev a l ua t i ng ann u a l  n i t r og en l e a ch i ng l o s s e s  f r om c r o p l and s .  

J .  Env i r o n . Qua l . 8 : 1 1 4 - 1 2 0 .  

T a n n e r , C . B .  1 9 6 7 .  Mea s u r ement  o f  

p . 5 3 4 - 5 7 4 .  I n  R . M . H a g a n , H . R . Ha i s e , 

( ed . ) , I r r i g a t i o n  o f  Ag r i c u l t u r a l  Land s , 

Soc . Ag r on . , Mad i s on , W i se .  

evapo t r a n s p i r a t i o n . 

a nd T . W . Edm i n s t e r . 

Ag r onomy 1 1 , Am .  

Tay l or , A . O . , a nd K . A . Hu g h e s . 1 9 7 8 .  Conserv a t i o n b a s ed 

f o r a g e  c r op s y s t ems 

pa s t ur e . Proc . Ag r o n . 

f o r  m a j o r  o r  c omp l e te r e p l a c em e n t  o f  

Soc . N .  z .  

Terman , G . L . , and S . E . Al l en .  

8 :  1 6 1 - 6 . 

1 9 7 0 .  L e ac h i ng o f  

s o l u ab l e  and s l ow - r e l e a s e  N a nd K f e r t i l i ze r s  f r om l a k e l and 

s a nd u nd e r  g r a s s  a nd f a l l ow .  S o i l  and Crop Sc i .  Soc . o f  

F l o r i d a  P r o c . 3 0 : 1 3 0 - 1 4 0 . 

Thoma s , G . W .  1 9 7 0 . So i l  and c l im a t i c  f a c t o r s  wh i ch 

a f f e c t  n u t r i e n t mob i l i ty .  p . l - 2 0 .  I n  O . P . Eng e l s ted ( ed . )  

Nut r i e n t  mob i l i ty i n  s o i l s :  Acc umu l a t i o n  and l o s s e s . S o i l  

Sc i .  S o c . Am . , Spec i a l  Pub . 4 .  Mad i s o n , Wi se . 

Thom a s , G . W . , and R . E . Ph i l l i ps . 1 9 7 9 .  Co n seque nc e s  o f  

wa t e r  m ovemen t i n  mac r o po r es . J .  Env i ro n . Q ua l . 

8 : 1 4 9 - 1 5 2 . 



Pag e 1. 9 3  

T i l l o t s on , W . R . , a nd R . J . Wa g e n e t . 1 9 8 2 .  S i mu l a t i o n  o f  

f e r t i l i z e r  n i t r o g e n  u nd e r  c r o pped s i t u a t i o n s . S o i l  Sc i .  

1 3 3 : 1 3 3 - 1 4 3 .  

Tom l i n s o n , T . E .  1 9 7 0 .  U r e a -A g r o n om i c  Impl i c a t i o n s . 

P r o c . F e r t .  Soc . ( Lo nd o n )  : 1 1 3 .  

T u r n e r , M . A . , D . R . Sc o t t e r , D . G . B owl e r , a n d  R . W . T i l lman . 

1 9 7 7 .  Wa t e r  h a r ve s t i ng : c o ncept  a nd u s e  i n  a h um i d  

c l i m a t e . D S I R ,  N . Z . , I n f o rm a t i o n Se r i e s  No . 1 2 6 : 1 6 8 - 1 7 4 . 

W a g e n e t , R . J . , J . W . B i g g a r , a nd D . R . N i e l se n . 1 9 7 7 .  

T r ac i ng the t r a n s f o rm a t i o n s  o f  u r ea fe r t i l i ze r  d u r i ng 

l ea ch i ng .  S o i l  Sc i .  Soc . Am . J .  4 1 : 8 9 6 - 9 0 2 . 

Wa l ke r , T . W . , and T . E . Lud ec k e . 1 9 8 2 . An e c o n om i c  

e v a l ua t i o n  o f  the u se o f  n i t r og en fe r t i l i z e r s  o n  f i e l d  c r o p s  

i n  N e w  Z e a l and . p . 9 5 - 1 2 0 . I n  P . B . Lynch ( ed . )  N i t r o g e n  

f er t i l i z e r s i n  New Z e a l a nd a g r i c u l t u r e . N Z I AS , We l l i ng ton . 

Wa t a n ab e , I . , and B . C . Pad r e .  1 9 7 9 .  I n o r g a n i c  n i t r o g e n  

m o v em e n t i n  t r o p i c a l  s o i l s . I I .  The f a te o f  a mmon i um 

f e r t i l i z e r  i n  we l l  a n d  p o o r l y  d r a i ned s o i l s  i n  the r a i ny 

s e a s o n . S o i l  S c i .  a nd P l a n t  N u t r . ,  2 5 : 6 2 7 - 6 3 5 .  

Wa t t s , D . G . , a nd R . J . Ha n k s . 1 9 7 8 .  A s o i l  w a t e r  

n i t r o g e n  m od e l  f o r  i r r i g a ted c o r n  o n  sand y  s o i l s . S o i l  Sc i .  

S o c . Am . J .  4 2 : 4 9 2 - 4 9 9 .  

We s t e rm a n , R . L . , L . T . Ku r t z , a nd R . D . Ha u c k . 1 9 7 2 . 

Rec o v e r y  o f  N - 1 5  fe r t i l i z e r  i n  f i e l d  exper imen t s . S o i l  Sc i .  

S o c . Am .  P r o c . 3 6 : 8 2 - 6 . 

We s te rm a n , R . L . , a nd L . T . Ku r t z . 1 9 7 3 . Pr im i ng e f fec t  

o f  N - 1 5  l ab e l l ed f er t i l i z e r  o n  so i l  n i t r og e n  i n  f i e l d  

e x p e r imen t s . S o i l  S c i .  S o c . Am . Proc � 3 7 : 7 2 5 - 7 . 
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We s terman , R . L . , a nd T . C . Tuck e r , 1 9 7 9 .  I n  s i t u 

t r a n s f o rma t i o n s  o f  n i tr o g en - 1 5  l ab el l ed ma t e r i a l s  i n  Sono r a n 

d e s e r t  s o i l s . So i l  Sc i .  S o c � Am .  J .  4 3 : 9 5 - 1 0 0 . 

Wh i te , R . E . , S . R . h'e l l i ng s , and J . P . Be l 1 .  1 9 8 3 . 

S e a s o n a l  v a r i a t i on s  i n  n i t r a te l e ac h i ng i n  s tr uc t u red c l a y 

s o i l s  u nder  m i x ed . l a n d  use . Ag i c . Wa t e r  Ma n ag e .  

7 : 3 9 1 - 4 1 0 .  

Z amya t i na , V . B .  1 9 7 1 .  N i t r og en b a l a n c e  s t ud i e s  u s i ng 

N - 1 5 l ab e l l ed f er t i l i z e r s  based o n  N - 1 5  s t ud i e s i n  the US S R .  

p . 3 3 - 4 5 .  I n  N i t r og en- 1 5  i n  s o i l , p l a n t  s t ud i e s . 

V i e n n a . 

! A E A , 
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A P PEND I X  1 

P R E L I M I NA R Y  S T UD I E S US I NG S O I L  CYL I NDERS AND EM I S S I O N 

S P EC TROMETRY TO I NVES T I GATE T H E  FATE OF N - 1 5 UREA 

APPL I E D TO A DO UBLE CROPP I N G S Y S TEM 

A l . l I N T RODUCT I ON 

The pu r po se o f  th i s  p r e l im i n a r y  i nv e s t i g a t i o n wa s t o  

m e a s u r e  t h e  N - 1 5  m a s s  ba l a nc e  a t  v a r i o u s  s t a g e s  o f  c r o p  

g r owth , i n  o rd e r  t o  und e r s t a nd b e t t e r  the f a te o f  a pp l i e d  N 

a nd t h e  l i ke l y  pa thwa y s  o f  maj o r  fe r t i l i z er  N 

t r a n s fo rm a t i o ns . An ad d i t i o n a l  pur po se wa s t o  e v a l ua t e  the 

u s e  o f  em i s s i o n  spec t r om e t r y  f o r  N - 1 5  a s s a y  in N - 1 5  b a l a nc e  

s t ud i e s . 

A l . 2  M E T HODS AND MATE R I ALS 

At the T i r i t e a  Re s e a r c h  Area ( se e  Ch apte r 7 ) , two 

e x per ime n t s  wi th e i t h e r  b a r l e y  or  o a t s  as  t e s t  c r ops , wer e 

c onduc t ed d u r i ng the s umme r  b a r l ey c r op s e a s o n  o f  1 9 7 8 - 7 9  

a nd w i n te r  oa t c r o p  s e a s o n  o f  1 9 7 9 .  I n  b o th e x pe r imen t s , 

twe n ty s o i l  cyl i nd e r s we r e  e s t a b l i shed i n  the f i e ld , i n  pa r t  

o f  a ma i n  pl o t , r e c en t l y  s own w i th e i th e r  b a r l e y  o r  o a t s . 

The s o i l  c y l i nde r s  we r e  PVC p i pe s , f o r ced i n t o  the s o i l  

d u r i ng t h e  f i r s t week o f  p l um u l e  eme r g e nc e , a r o u nd s i ng l e  

b a r l ey p l a n t s  o r  a r o und t h r ee o a t  p l a n t s . The s o i l  

c y l i nd e r s  f o r  the s um...mer e x pe r ime n t  we r e  7 5  mm i n  d i am e t e r  

a nd 1 5 0  mm i n  depth ; a nd f o r  t h e  wi n te r  e x pe r ime n t l O O  mm 

i n  d i ame t e r  a nd 4 5 0 �n i n  d e p th . I n  b o t h  e x per imen t � , u r e a , 

equ i v a l e n t  o f  4 6  mg N ,  a nd e n r i c hed w i th 3 0  a t om pe r c e n t 

N - 1 5 ,  wa s m i xed w i th s ome s o i l  a s  a n  e x t e nd e r  a nd wa s 

s ur f a c e  a pp l ied t o  e a c h  s o i l  cyl i nd e r . Th i s  r a te 

c o r r e s po nd s  to appr o x ima t e l y  l O O  kgN/ha f o r  s umme r  b a r l ey 

a nd 6 0  k g N/ha f o r  w i n te r  o a t s . 



A t  app r o x ima t e l y  m o n t h l y  i n t e r v a l s , 

Pa g e  1 9 6  

4 o r  5 r a nd om l y  

cho s e n  so i l  c y l i n d e r s  we r e  r emov ed f r om f i e ld ( 4  d u r i ng the 

w i n t e r  e x pe r i m e n t  and 5 d u r i ng the s umme r  e x pe r imen t ) . 'l'he 

p l a n t s  in the s o i l  c y l i nd e r s we r e  h a r ve s t ed p r i o r  to 

r em ov a l . The s o i l  c y l i nd e r s  wer e c u t  i n to s ec t i on s , i n  

d ep th i nc r emen t s  o f  5 0  mm ( fo r  the summe r  e x pe r imen t )  o r  7 5  

mm ( f o r  the w i n te r  e x p e r i me n t ) . The so i l  f r om each s ec t i o n  

wa s hand m i x ed a n d  s u b- samp l e s  we r e  take n f o r  N - 1 5 a n a l y s i s . 

P l a n t  s ampl e s  w e r e  d r i ed a nd g r o u nd . 

The so i l  i no r g a n i c  N ( th a t  i nc l ud e s  ammon i um ,  n i t r i te 

a nd n i t r a te ) wa s e x t r ac ted i n  2 M po t a s s i um c h l o r i d e  ( KC l ) 

a nd s team d i s t i l l e d  f o l l ow i ng the p r o c ed u r e  d e s c r i b e d  by 

B r emner  a nd Ke eney ( 1 9 6 6 ) . P l a n t  a nd KC l - e x t r a c te d - so i l  

s amp l e s  we r e  a n a l y s ed fo r t o t a l  N f o l l o w i n g  the p r o c ed u r e  o f  

B r em n e r  ( 1 9 6 5 a ) . F o r  N - 1 5  a n a l y s i s  by em i s s i o n 

spec t r ome tr y ,  e l ec t r o d e l e s s  d i sc h a r g e  t ub e s  we r e  prepa r ed i n  

d up l i c a te , f r om the N - 1 5  d i s t i l l a tes  ( pl a n t  a n d  s o i l ) , 

f o l l ow i ng a mod i f i ed Dum a s  method . Th i s  mod i f i e d  D um a s  

m e thod i nv o l v ed d e g a s s i ng t he o x i d e s  o f  c opper a nd c a l c i um 

( r eag e n t s  o f  t h e  D um a s  m i x t ur e )  s e pa r a t e l y  by h ea t i ng i n  

m u f f l e  f ur n a c e s  a t  6 0 0  a nd 1 0 0 0  C r e s pec t i ve l y  a nd p l ac i ng 

them a s  a m i x t u r e  i n to the d i scha r g e  t ub e . Apa r t  f r om th i s  

m od i f i c a t i on ,  the p r oc ed u r e  d e s c r i b ed by F i ed l e r  a nd P r o k sch 

( 1 9 7 5 )  wa s fo l l owed . Em i s s i o n  spec t r ome t e r  mod e l  S t a tr o n  

N O l - 5  wa s u s ed t o  mea s u r e  the N i so tope r a t i o s . 

A l . 3  RESULTS AND D I SC US S I ON 

The r e s u l t s o f  the two e x pe r i m e n t s  a r e  s umma r i se d  i n  

T a b l e  A l . l .  The t o t a l  r ec o very o f  a pp l i ed N i n  p l a n t  a nd 

s o i l  c ompone n t s  v a r i ed be tween 5 0  t o  9 0  p e r cen t .  The 



Tabl e . A1 . 1 Fate of N- 1 5  appl i ed to barl ey and oat crops . Both crops were ferti l i zed wi th u rea , 

equ i va l ent of 46 mg N ,  at 30 atom percent N- 1 5  enri chment . Means and s tandard errors ( i n  paren­

theses ) a re g i ven . Soi l  organ i c  and i norgan i c  N data a re for the top 50 mm ( * ) or 1 50 mm ( # ) 

soi l depth for barl ey , and 450 mm soi l depth for oats . N . D .  s i gn i f i es not detectab l e .  

Form of A�ount of fert i l i zer N recovered ( mg )  

recovered Days after appl i cat i on Days after appl i cat ion  

N ( Sulllller barl ey ) (w i nter oats ) 

13  28 62 120 7 4 1  7 1  98  150  

P l ant  3 7 8 ( 2 . 9 )  10 ( 2 . 2 ) 6 ( 0 . 2 )  10 (  1 .  2 )  1 4 ( 1 . 1 )  1 6 ( 2 . 0 )  1 8 ( 2 . 2 )  
* * 

10 ( 1 . 4 )
# 

1 2 ( 1 . 2 )
# 

30 ( 1 .  8 )  2 1 ( 2 . 2 )  1 7 ( 0 . 7 )  1 3 ( 2 . 4 ) 7 ( 1 . 1 ) Soi l organ i c  4 ( 1 . 2 ) 6 ( 0 . 4 )  
* * 

Soi l  i norgan i c  3 1 ( 1 . 0 )  19 ( 2 . 2 )  N . D . N . D .  6 ( 1 . 3 ) 1 ( 0 . 2 )  1 ( 0 . 2 )  N . D . N . D .  

Total recovery 38 25 18  22  42 { 2 . 2 ) 32 ( 2 . 5 )  3 2 ( 1 . 4 )  29 (  1 .  9 )  24{ 1 . 8 ) 

Unaccounted for 8 2 1  28 24 4 { 2 . 2 )  14 ( 2 . 5 )  14 ( 1 . 4 )  1 7 ( 1 . 9 ) 2 2 (  1 .  8 )  

-o 
j;U 

1.0 
(t) 
� 
ID 
......, 
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u n a c c o un t ed f o r  c ompo n e n t  o f  the m a s s  b a l a nce i nc r ea sed f r om 

ab o u t  1 0 %  a t  1 week f o l l ow i ng u r e a  appl i c a t i o n  t o  abo u t  5 0 %  

a t  h a rv e s t  o f  t h e  c r op . Me a s u r em e n t  e r r o r  i n  N - 1 5  a n a l y ses  

by em i s s i o n spe c t r orne t r y , wa s n o t  eval ua ted . Th i s  e r r o r  

c ompo n e n t  c o u ld n o t  b e  d ed uc ed f r om the l i te r a t u r e  s i n c e  the 

N - 1 5 s a mp l e s  we r e  p r e pa r ed f o l l ow i ng a p r o c ed u r e  d i f fe r e n t  

f r om t h a t  f o l l o wed b y  o t h e r  wor k e r s .  Howev e r , s i nce abo u t  

9 0 %  r e c o v e r y  o f  the appl i ed N wa s o b t a i ned a t  1 week 

f o l l o w i ng u r e a  appl i c a t i o n , i t  i s  s pec u l a t ed tha t 

m e a s u r em e n t e r r o r  a l o n e  c o u l d  n o t  a c c o un t fo r d e f i c i t s a s  

h i g h  a s  5 0 %  i n  the N - 1 5 b a l a nc e . Other N l o s s  m ec h a n i sms , 

pa r t i c u l a r l y  N l e a ch i ng c o u l d  be s i g n i f i c a n t .  

The amo u n t s  a nd the t r e nd s  o f  f er t i l i z e r  N 

i mmob i l i s a t i o n i n t o the s o i l  o r g a n i c  ma t te r , d u r i ng the two 

e x p e r i m e n t s  d i f fe r ed ( Ta b l e  A l . l } . I t  i s  n o t  c l e a r  whe ther 

such d i f fe r en c e s  we r e  r e a l or  r e s u l ted f r om e r r o r s  i n  N - 1 5 

a n a l y se s . The r e s u l t s  o f  N - 1 5 a n a l ys e s  o n  s o i l  s ampl e s  f o r  

t h e  o r g a n i c  f r a c t i o n , shown i n  Tab l e  A l . 2 , i nd i c a t ed tha t 

t h e  N - 1 5 e n r i chme n t  i n  tho s e  s amp l e s  wa s c l o se t o  n a t u r a l  

a b u n d a n c e  l e v e l  o f  N - 1 5 ( 0 . 3 6 6  a tom pe r c e n t ) .  Em i s s i o n  

s pe c t r om e t r i c  a n a l ys e s  o f  N - 1 5  i n  t h i s  r a nge m a y  n o t  b e  

a c c u r a te a s  p o i n ted · o u t  by H a u c k  a nd B r em n e r  { 1 9 7 6 ) , a nd 

t h u s  the c a l c u l a ted amo u n t s  o f  f e r t i l i z e r  N i mmob i l i s ed 

m i g h t  a l so n o t be acc u r a te . F u r ther i nv e s t i g a t i o n s  wo u l d  

t h e r e f o r e  b e  n ec e s s a r y  t o  d e t e rm i ne t h e  p r ec i s i o n  and 

a c c u r a c y  o f  N - 1 5 a s s a y  by em i s s i o n  spec t r ome t r y . 
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Tab l e  A l .  2 N - 1 5  e n r i c hme n t  ( a tom p e r c e n t )  i n  s o i l  o r g a n i c  

N f r ac t i o n , r e s u l t i n g f r om immob i l i sa t i o n  o f  u r e a  N - 1 5 a t  

3 0  a tom p e r c en t e n r i chme n t . Urea was  a p p l i ed a t  s ow i ng t h e  

o a t  c r o p  d u r i ng w i n te r , 1 9 7 9 .  Va l u e s  a r e  m e a n s  a nd s t a n d a r d  

d e v i a t i o n s . 

So i l  A t om % N - 1 5  e n r i chme n t  i n  s o i l  o rg a n i c N 

d e p t h  D a y s  f o l l o w i ng u r e a  app l i c a t i o n 

mm 7 4 1  7 1  9 8  1 5 0  

0 . 6 5 - 0 . 6 4 0 . 5 3 0 . 5 3 0 . 4 4  
0 - 7 5 

+ 0 . 1 3 + 0 . 1 5 + 0 . 0 7 + 0 . 1 0 + 0 . 0 5 

0 . 6 2 0 . 3 7 0 . 4 8 0 . 4 2 0 . 3 9 
7 5 - 1 5 0  

+ 0 . 0 4 + 0 . 0 3 + 0 . 0 9 + 0 . 0 5 + 0 . 1 0 
-

0 . 4 2 0 . 4 2 0 . 4 0  0 . 4 2 0 . 4 1  
1 5 0 - 2 2 5  

+ 0 . 0 4 + 0 . 0 3 + 0 . 0 3 + 0 . 1 0 + 0 . 1 2 
-

0 . 4 6 0 . 4 2 0 . 4 4  0 . 4 3 0 . 3 3 
2 2 5 - 3 0 0  

+ 0 . 0 6 + 0 . 0 6 + 0 . 0 8 + 0 . 0 7 + 0 . 0 9 -

0 . 4 2 0 . 4 7 0 . 5 2  0 . 4 2 0 . 4 3 
3 0 0 - 4 5 0  

+ 0 . 0 4 + 0 . 1 0 + 0 . 0 6 + 0 . 0 7 + 0 . 1 2 -



------------- --- - ----

Tab l e  A1 . 3  E stimated amounts of N ta ken u p  by barl ey and oat crops from so i l and 

fert i l i zer N sources . Means and s tandard errors ( i n parentheses ) are g i ven . 

Fonn of Amount of soi l & fert i l i zer N in  crop ( kg/h a )  

N i n  Days after appl i cat ion Days after appl i cati on 

the ( Summer barl ey )  (wi nter oats ) 

crop 1 3  62 120 7 41  71  98  1 50 

Ferti l i zer N 5 1 7 ( 2 . 3 )  2 1 ( 1 . 7 ) 8 ( 0 . 3 )  1 3 ( 1 . 5 ) 1 8 ( 1 . 5 )  2 1 ( 2 . 4 ) 23 ( 2 . 8 )  

Soi l N 6 29 ( 4 . 5 )  52 ( 5 . 6 )  22 ( 0 . 9 )  23 ( 3 . 3 )  41 ( 3 . 1 ) 85 ( 7 . 5 )  9 3 ( 9 . 3 )  

Tota l N 1 1  46 ( 6 . 3 )  73 ( 6 . 8 )  30 ( 0 . 7 )  36 ( 4 . 8 ) 59 ( 4 . 0 )  106 ( 8 . 7 )  1 1 6 ( 9 . 8 ) 

/ 

-o 
Ql <.Cl 
C'D 
N 
0 
0 
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The N - 1 5  v a l ue s  f o r  the s o i l  o rg a n i c  N f r a c t i o n  shown 

i n  Tab l e  A l . 2 , i nd i c a te tha t the d i l u t i o n  o f  the N-1 5 l ab e l  

c o u l d  b e  many f o l d  s i nce To koma r u  s i l t  l o am h a s  a l a r g e  s o i l  

o r g a n i c  N pool  ( 5 5 0 0  ± 5 0 0  k g  N/ha i n  the t o p  2 0 0  mm o f  so i l  

depth ) . I nve s t i g a t i on s  w o u l d  be requ i r ed t o  d e t e rm i ne the 

i n i t i a l  N - 1 5 enr i chmen t in f e r t i l i ze r  m a t e r i a l , tha t wo u l d  

f ac i l i t a te em i s s i o n  s pec t r om e tr i c  a s say o f  N - 1 5  i n  the 

o r g a n i c  f r ac t i o n  of the Tokom a r u  s i l t  l o am s o i l . 

P l a n t  uptake o f  f e r t i l i z e r  N ,  when e x pr e s s ed a s  kg/ha 

( Tab l e  A l . 3 ) , wa s s im i l a r a t  the t i me o f  f i n a l  h a r v e s t  f o r  

b o th c r o p s , d e s p i te the f a c t  t ha t  the b a r l e y  c r o p  r ece i v ed 

1 . 7  t imes m o r e  fer t i l i z e r  N than the o a t s  c r o p . Th i s  c o u l d  

b e  pa r t l y  d ue t o  d i f fe r e n t  N u p t a ke pa t t e r n s  i n  the b a r l ey 

and o a t  c r ops , and a l s o d ue t o  d i f fe r en c e s  i n  p l a n t  d e n s i ty 

between the s umme r  a nd w i n te r  s o i l  c y l i nd e r s .  The s e  

mea s u r emen t s  o f  p l a n t  N u p take c o u l d  o n l y  be t a k e n  a s  

a pp r o x ima t i o n s , s i nc e  v i s ua l  i n s pec t i o n  d u r i ng t h e  twe l th 

a nd s ub sequent wee k s  o f  the w i n te r  e x p e r imen t , i nd i c a ted 

that  the p l a n t s  g r own in  s o i l  c y l i nd e r s  we r e  s t u n ted i n  

g rowth a s  c ompa r ed w i th p l an t s i n  the s u r r o un d i ng f i e l d . 

The r e l e v a nc e  o f  p l an t  N u p t a k e  d a t a  c o l l e c ted by g r o w i ng 

p l a n t s  i n  s o i l  cyl i nd e r s ,  t o  the p l a n t  N u p t a k e  i n  the ma i n  

p l o t  whe r e  the s o i l  c y l i nd e r s  were l oc a t ed , the r e fo r e , 

need ed to be ev a l ua t ed , i f  sma l l sc a l e  e x pe r imen t a l  d a t a  

wer e t o  be app l i ed t o  the f i e ld s i t ua t i o n . 

A l . 4  CONC LUS I O NS 

The r e s u l t s  o f  th i s  s t u d y  i nd i c a ted tha t  

( 1 )  the to t a l  r e c o v e r y  o f  a pp l i ed N i n  p l a n t  a nd s o i l  

c ompo n e n t i c o u l d  v a r y  be twe e n  S O  t o  9 0  pe r c e n t  d epe nd i ng o n  

when the N - 1 5  b a l a nc e  d e t e rm i na t i o n s  wer e made ; 
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( 2 )  mea s u r emen t e r r o r  i n  N - 1 5  a n a l y s e s  a nd o th e r  N l o s s  

mecha n i sms , s u c h  a s  N l each i ng sh o u l d  b e  i nv e s t i g a t e d  i n  
I 

o rd e r  t o  obta i n  a m o r e  c ompl e t e  N - 1 5 b a l a n c e  shee t ;  

( 3 )  i nve s t i g a t i o n s  wo u ld a l so b e  r eq u i r ed t o  d e t e rm i n e 

t h e  i n i t i a l  N - 1 5  e n r i c hment i n  f e r t i l i z e r  ma t e r i a l , tha t 

w o u l d  f a c i l i t a t e  em i � s i o n spe c t r ome t r i c  a s s a y  o f  N- 1 5  i h  the 

o rg a n i c  f r ac t i o n  o f  the Tokom a r u  s i l t  l o am s o i l ;  

( 4 )  the e s t i m a t e s  o f  p l a n t  N u p t a k e  obta i ned i n  th i s  

s t udy , c o u l d o n l y  be t a ken a s  appr o x i ma t i on s . The r e l ev a nce 

o f  p l an t  N uptake  d a t a , c o l l ec ted by g r o w i n g  p l a n t s  in  s o i l  

c y l i nd e r s , to the p l a n t  N u p t a k e  i n  the ma i n  p l o t  n e ed ed t o  

b e  e v a l ua ted . 
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A P PEN D I X  2 

S PAT I A L  AND ANA LYT I C A L  VA R I AB I L I T Y  ASSOC I A T E D  W I T H  

S O I L  ORGAN I C  N I T RO G EN DET E RM I NAT I O NS I N  F I E LD SO I LS 

A 2 . l  I N T R O D UC T I O N 

The c u r r e n t  p r a c t i c e o f  r e l y i ng on a m e a n  v a l ue f o r  

o rg a n i c  N c o n te n t  i n  t h e  f i e ld s o i l s , i s  o pen to q ue s t i o n i n  

v i e w  o f  l a r g e  v a r i ab i l i t i e s  e n c o un t e r ed i n  so i l  o r g a n i c  N 

d e t e rm i n a t i o n s  ( Bec k e t t  a nd Web s t e r  1 9 7 1 ) . Spa t i a l 

v a r i a b i l i ty o f  s o i l  o r g a n i c  N ,  d e f i n ed i n  t e r m s  o f  the 

s pa t i a l  d i f f e r e nce i n  s o i l  o r g a n i c  N c o n te n t  f r om s i t e to 

s i te in the f i e ld ( B i g g a r  1 9 7 8 ) , i s  mo s t  o f t e n  n o t  

d i s t i ng u i shed f r om ana l y t i c a l  e r r o r s  i n  d e t e rm i n i ng t h e  s o i l  

o r g a n i c  N c o n te n t . An i nv e s t i g a t i o n  wa s t a k e n  up t o  

ev a l ua te t h e  a n a l y t i c a l  e r r o r  a nd the s pa t i a l v a r i ab i l ty 

a s s oc i a t ed w i th s o i l  o r g a n i c  N d e te rm i n a t i o n s . 

A 2 . 2 METHODS AND MAT E R I AL S  

Th i s  i nv e s t i g a t i o n  wa s c a r r i ed o u t  a s  pa r t  o f  a n  

e x p e r i m e n t  d e s c r ibed m o r e  f u l l y  i n  Cha p t e r  3 ( Ex pe r iment  I ,  

d e s c r i bed i n  s e c t i o n 3 . 2 . 1 ) . B r i e f l y , th i s  e x p e r iment  

c on s i s ted of  15  s o i l  c y l i nd e r s  that w e r e  l a i d o u t  in  the 

f i e ld i n  a r and om i sed b l oc k  d e s i g n  ( 5  t r e a tm e n t s  x 3 

b l o c k s ) . S o i l  s amp l e s  ob t a i ned f r om t h i s  e x p e r i m e n t  we r e  

a n a l y s ed f o r  t o t a l  N f o l l ow i ng the p r o c ed u r e  d e s c r i b ed b y  

B r e m n e r  ( 1 9 6 5 a ) . 

A 2 � 3 RESULTS AND D I SCUSS I ON 

The r e s u l t s  o f  s o i l  o r g an i c  N d e t e rm i n a t i o n s  a r e  shown 

i n  T a b l e  A 2 . 1 . The v a l ue s  a r e  m e a n s  [ U ( j ) ] a nd s t a nd a rd 

d ev i a t i o n s  c a l c u l a t ed f r om i nd i v i d ua l k j e l d a h l  N 

d e t e rm i n a t i o n s  [ Y ( i ) ( j ) ]  o f  t h r e e  s o i l  s amp l e s  [ j  = 1 , 2 , 3 ] 
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Tabl e A 2 . 1 S o i l  o r g a n i c  N v a l ue s  ( kg N/ha ) f o r  s o i l  c y l i nd e r s . 

Va l ue s  a r e  m e a n s  and  s t a n d a r d  d e v i a t i o n s  ( S . D • ) 

B l o c k s Row m e a n s  
RO\'lS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

( 1 )  ( 2 )  ( 3 )  + S . D .  

( 1 )  4 8 6 0  + 1 1 3  3 6 3 8  + 1 1 4  5 7 2 4  + 1 1 7  4 7 4 0  + 9 1 3  
- - - -

( 2 )  6 0 1 0  + 1 0 2  4 4 9 6  + 1 1 7  3 9 3 8  + 1 3 5  4 8 1 5  + 9 3 4  
- - - -

( 3 )  3 6 9 3  + 1 5 8  5 3 0 1  + 1 6 2  4 3 8 7  + 1 5 5  4 4 6 0 + 7 1 2  
- - - -

( 4 )  5 0 6 4  + 1 5 6  3 5 8 3  + 1 1 4  5 3 4 8  + 1 0 7  4 6 6 5  + 8 2 8  
- - - -

( 5 )  4 0 7 7  + 9 8  5 7 9 5  + 1 3 7  4 3 1 9  + 1 3 8  4 7 3 0  + 8 1 3  
- - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

B l o c k  

mean 4 7 4 1  + 8 4 4  4 5 6 3  + 9 1 9  4 7 4 3  + 7 0 8 4 6 8 2  + 8 1 4  
- - - -

+ S . D .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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ta k e n  f r om each o f  t he 1 5  s o i l  c y l i nd e r s  [ i  = 1 , 2 ,  • • • •  , 

1 5 ] . U s i ng a l l  the 4 5  N v a l ue s  [ Y ( i )  ( j ) ] ,  a poo l ed m e a n  [ U ]  

a n d  s t a nd a r d  d ev i a t i o n  wa s c a l c u l a ted and fo und to be 4 6 B 2  + 

8 1 4  k g N/ha , i nd i c a t i ng t h a t  the c oe f f i c i e n t  o f  v a r i a nce f o r  

the mea s u r ed d a t a  w a s  1 7 . 4 % o f  the mean  v a l ue . A p o r t i o n  o f  

th i s  v a r i a nce i s  l i k e l y  t o  be a s s oc i a t ed w i th a n a l y t i c a l  

e r r o r s  wh i l e the r e s t  c a n  be a t t r i b u ted to s pa t i a l  

v a r i ab i l i ty a s s o c i a ted w i th the s o i l  o r g a n i c  N c o n ten t i n  

the f i e l d . 

I n  o rd e r  to par t i t i o n  the v a r i a nc e  i n t o  i t s  c ompo n e n t s  

a s impl e s t a t i s t i c a l  m o d e l  wa s a s s umed a s  f o l l o ws : 

Y ( i )  ( j ) = U + A ( i )  + E ( i j ) 

wh e r e  Y ( i ) ( j )  i s  t h e  j th k j e l d a h l  N d e t e rm i n a t i o n  o n  the i th 

s o i l  c y l i nd e r , U i s  the mean v a l ue f o r  so i l  o r g a n i c  N 

c o n ten t , A ( i )  i s  the e r r o r  d ue to i th f i e ld repl i ca t e a nd 

E ( i )  ( j }  i s  the e r r o r  d ue t o  a n a l yt i c a l  r e p l i c a t i o n . U s i ng a 

o n e -way a n a l y s i s  o f  v a r i a n c e  te s t  ( F r e u nd 1 9 6 2 }  o n  t h e  

mea s u r e d  d a ta t h e  e r r o r  a s s o c i a ted w i th a n a l y t i c a l  

d e term i n a t i o n  [ E ( i )  ( j } ] w a s  ev a l ua ted t o  be + 1 3 0  k g N/ha . 

Th i s  s ug g e s ted t h a t the v a r i a nc e  i n  mea s u r ed d a t a  d ue t o  

a n a l yt i c a l  e r r o r s  wa s o n l y  a sma l l  pe r ce n tage ( 2 . 8 % }  o f  the 

m e a n  v a l ue wh i l e the v a r i a n c e  r e p r e se n t i ng s pa t i a l  

v a r i ab i l i ty i n  the f i e l d  wa s l a r g e  ( 1 4 . 6 % } . Th i s  v a l ue fo r 

the s pa t i a l  v a r i ab i l i ty o f  o r g a n i c  N c ompa r e s  we l l  w i th the 

v a l ue s  c omp i l ed by Bec k e t t  a nd Web s t e r  . ( 1 9 7 1 )  f o r  the 

s pa t i a l  v a r i ab i l i ty o f  o r g a n i c  N i n  s o i l s  u nd e r  c r ops . 

A 2 . 4  CONC L US I O N S  

The r e s u l t s o f  th i s  i nv e s t i g a t i o n  showed tha t the 

a n a l y t i c a l  e r r o r s  in  s o i l  o r g an i c  N d e te rm i n a t i o n s  w e r e  



sma l l  ( 2 . 8 % o f  t h e  me a n  v a l ue )  
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c ompa r ed w i th the s pa t i a l  

v a r i ab i l i ty o f  abo u t  1 5 %  o f  the mean v a l ue . Th u s , the  s t ud y 

i nd i c a t ed t h a t  a n a l y t i c a l  m e t h od s  us ed w e r e  r e l i ab l e  a nd 

a c c u r a te .  Spa t i a l v a r i ab i l i ty o f  a b o u t  1 5 %  i n  f i e l d  

m e a s u r em e n t s  wo u l d  b e  e x p e c t ed . 
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