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SECTION I 

GENERAL INTRODUCTION 

Pursuit of an improved unders tanding of ni trogen 

rel ationships in New Zeal and grass-clover pastures is the 

central theme of the results presented in thi s  report .  

Unl ess indicated otherwise , reference throughout will 

be to well managed semi-permanent swards , developed to 

a h igh level of production , adequately drained and 

fertilised ,  but with l ittle or no fertiliser ni trogen 

applied .  

1 .  Produc tivity of New Zealan d  P as tures 

Unders tanding of pasture produc tion in New Zeal and 

has been reviewed ( Sears 1 9 56 , 1960 , 1962 ; McMeekan 

1 9 6 0; Walker 1 9 62 , 1 9 68; Levy 1 9 7 0 ; Jackman 19 7la , b ;  

Brougham 1 9 7 3 , 1 9 7 7 ) .  Levy ( 1 9 70 } concluded: 1 0f all 

factors affec ting (potential ) plant growth , c l imate has 

the greate s t  influence , and climatical l y  New Zealand i s  

one o f  the mos t  favoured countries in the world ' .  

The farmed area total s some 1 3 . 5  million ha, of 

which about 9 5% is occupied by gra s sland .  About two­

thirds of that comprises sown gras sland ( Levy 1 9 70 ; 

Brougham 1 9 7 3 ) .  Some 4 . 5 mill ion ha of flat and 

downl and occupied by pas toral agricultur� support about 

two-thirds of the country's l ives tock ( Brougham 1 9 7 7 } .  

Intensive gras sland farming i s  conf ined to areas where 

cl imate allows a long seasonal spread of growth , and 

where soi l s  are either highly fertile or made so by 

appropriate fer til iser and l ime practi ces ( L evy 19 70 ) .  

Under thes e  conditions , sward composition is  rel atively 

s imple .  Perennial ryegrass (Lol ium perenne L . ) and 

white clover ( Trifol ium repens L . ) are the predominant 

species in productive , permanent pastures ( loc . c i t . ) ,  

with cocks foot (Dactyl is  glomerata L . ) ,  poa ( Poa spp . ) ,  

Yorkshire fog (Holcus lanatus L . } ,  paspalum ( Paspalum 

dilatatum Noir . ) ,  Kikuyu grass  (Pennis etum clandes tinum 

Hochst . ex Chiov. ) and red clover (T. pratense L . ) also 

making s ignificant contributions to yield in appropriate 
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s i tuations . 

Predominantly ryegrass-white clover pastures on 

l owland occupy the focal pos ition in thi s  review .  

S o i l s  are gener ally ploughabl e, are slightly to 

moderatel y acid and relatively fertile . Average 

s tocking rate is 16 s tock units ( ewe equivalents ) ,  with 

an annual dry herbage ( DM )  intake of  8 . 5 t ,  per hectare 

( Brougham 1 9 7 7 ) . The annual yield of well managed , 

permanent pas tures averages between 11 and 18 t DM/ha 

( Levy 19 70 ) ,  indicating a cons iderable discrepancy 

between average pas ture yield and util isation . 

Very l arge quantities of nitrogen are involved in 

the growth of produc tive grassland . Outs ide New Zeal and , 

DM yield from temperate grass swards has been reported 

to be roughly proportional to the input of fertil i s er 

nitrogen up to yearl y rates of 3 50 to 500 kg N/ha 

( Whitehead 1 9 70 ) . In  New Zeal and , on the other hand, 

intensive l ivestock production sys tems have been 

developed on swards compris ing clovers grown in 

as sociation with temper ate grass species . The 

s ubs tant ial annual turnover of herbage nitrogen in 

grazed pastures , and the rel iance pl aced on symbiotic 

nitrogen f ixation to develop and sus tain pasture 

production , are well recognised ( Melvi lle & Sears 1 95 3 �  

S ears & Evans 1953 � Sears 1 9 5 3 c , 19 56 , 1960 , 1 9 6 2 � 

Walker 1 9 5 6 a , b ,  1 9 6 2 , 1968 � S ear s et al . 1965a � Levy 

1 9 70 � Hoglund et al . 19 79 ) . 

Very l i t tle fertiliser nitrogen has been used .  

Grasses and white clover are normally grown 

together in mixed swards to capitalise on the better 

cool season activity of temperate gras ses ( Mitchel l  

1 9 5 6 ) , the yield advantage of gras s-clover as soc iations 

over a pure clover sward ( Sears et al . 1965a � Harris  & 

Thomas 1 9 7 3 ) ,  and the better seasonal spread of yield 

obtained f rom a mixture than from the component species 

in  pure swards ( Sears 1962 ) .  The attributes of white 

clover as a pasture legume have been reviewed elsewhere 

( Brougham & Jackman 1 9 74 ) , as have the ecology and 

management of white clover-based pastures ( Brougharn et 
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al. 19 78) . 

The equi table c l imate in New Zealand allows almo s t  

a l l  pasture herbage t o  be utilised in s i tu b y  grazing 

animal s . To attain as close a mat ch as pos s ibl e 

between the s easonal pattern of pas ture production and 

animal feed requirements , mating i s  timed so that l ambs 

and calves arrive over late winter- earl y spring .  The 

consequent increase in feed requirements is then met by 

more rapid pasture growth as the season progresses . 

Surplus pasture growth may be conserved as ensilage and/ 

or hay , which i s  fed out during periods of deficit in 

pasture production . Use of feeds tuffs other th an pasture 

and its conservation products is  of  only minor 

importance .  

2 .  Concepts of Nitrogen Rel ationships Based on 

Research in New Zeal and 

Gras s l and research , as oppos ed to ecological 

observation , was initi ated shortly after manufactured 

fertilisers became freely avail able .  New Zeal��d 

research has contr ibuted a great deal to present 

understand ing of nitrogen rel ationships in pastoral· 

agriculture .  Important concepts are l isted below 

( with key references ) .  

( a )  The importance of vigorous clover growth to 

sward production , and of symbiotic nitrogen fixation to 

the performance of grass associate s , was establ ished 

( Sears l 9 5 3 a ,  c ;  Sears et al . 19 5 3 , l965a ) .  

( b )  Redis tribution of the bulk of inges ted plant 

nutri ents in animal excrement was recogni s ed as an 

important componen t of the ' fertil ity cycl e1• At 

l east 80% of inges ted ni trogen was excreted , mainly in 

urine . Thi s  was considered the major pathway for 

transfer of fixed nitrogen from clovers to gras ses 

( Sears et· al . 1948 , 1953 , l965a ; Sears & Goodall 19 51 ; 

Metson & Hurs t  19 5 3 ;  S ears l95 3 c , 19 5 6 ;  Sears & 

Thurston 1 9 5 3 ; Davies et al . 19 6 2 ; Hutton et al . 19 6 7 ; 

Weeda 1 96 7 ,  1 9 7 7 ; During 1 9 7 2 ; MacDiarmid & Watkin 

1 9 7 1 , l 9 7 2 a ,  b ) . 



( c )  A pronounced aggregation of  nitrogen in urin e  

patches and dung pats was recognised . Smal l nitrog en 

los ses through vol atilisation of �onia were observed , 

and leaching of nitrate was suspected, as a cons equence 

of this  aggregation ( Thompson & Coup 1940 , 1943 ; Doak 

1 9 52; Dale 1 9 6 1 ; During & McNaugh t  1 9 61 ; MacD i armid 

& Watkin 1 9 7 2 a ;  Butler & Hopewell , G . W . Butler pers . 

cornrn . ) . 

( d )  Mineral nutri tion was recogni sed as very 

important to clover performance . Within limits imposed 

by ni trogen availabil ity ,  clovers were recognised as 

weaker competi tors than gras s assoc i ates for phosphate , 

sulphur and potass ium ( Sears et  al . 1953; Walker & 

Adarns 1958 ; Mouat & Walker 1 9 5 9 ; Jackrnan 1 9 60b ; 

During 1 9 7 2 ; Jackrnan & Mouat 19 70 ) . 

( e )  Cl imatic limitations to clover growth and 

n i trogen fixation were recognised .  Parall el plot 

s tudies establ ished that whil e  a potential for annual 

f ixation of about 620 kg N/ha exi s ted in Manawatu , onl y  

half that figure was attained in c ool -temperate 

S outhland and even less in the dry Canterbury environment 

( Sears et al . 1953 ) .  

( f )  Below-ground transfer of nitrogen from clovers 

to grasses was found to be import ant , with white clover 

capable of providing over 100 kg N/ha this way in a 

year , to soil and as sociated gras s es . The exten t  of 

death and decomposition of clover root and nodul e 

tis sues was influenced by shading and defol iation , and 

differed between clover spec ies  ( Butler & Bathurs t  19 5 6 ;  

Butler 1 9 5 7 ; Sears et al . 1 9 6 5 a ;  Chu & Robertson 1 9 74 } . 

( g )  A gl asshouse s tudy invol ving labelled �onium 

and nitrate s alts establ ished tha t  when white clover and 

ryegrass were grown together , clover derived littl e of 

its nitrogen by uptake of mineral nitrogen . The 

results were interpreted as indicating that changes in 

clover yield reflected corresponding changes in 

symbiotic nitrogen fixation ( Walker et  al . 1 9 5 6 ; 

Walker 1 9 5 6a ) . 
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( h )  Grazing management was establ ished as an 

important determinant of pasture performance . 

Providing nutrien ts other than nitrogen were adequate , 

contras ting ecological situations were recognised .  

Wi th grass growth l imited by s evere ni trogen s tress , as 

in early pas ture development , grazing managemen t had to 

be directed towards preventing ' shading out ' of the 

weaker grass component , especial ly over summer-autumn � 

in more devel oped , grass-dominant swards the emphas i s  

changed to prevention o f  shading out o f  the more 

pros trate clover componen t by tal l e r  grasses , especiall y  

over winter- spring . Sys tems o f  grazing management that 

involved frequent defol iation in spring , foll owed by 

l e s s  frequent grazing as drier weathe r occurred , 

encouraged s trong growth of white c lover ( S ears 1 9 5 6 , 

1 9 6 2 � Brougham 19 6 6 ,  19 7 3 ; Brougham & Jackman 19 7 4 ; 

Brougham et  al . 19 7 5 ,  1978 ) . 

( i )  Organic matter s tudi es establ ished that wel l  

managed , gras s-clover pastures wer e  fertility-building . 

Different ecological situations were recognised . 

Where res ident organic matter was o f  the mor-type 

( B arratt 1 9 6 6 ) , charac ter istic of soi l s  under scrub or 

r egressed grassland in wetter area s, good pasture 

husbandry resul ted in narrowing of soil carbon/nitrogen 

ratio and progress ive conversion to mul l  over a period 

of 20 to 30 years . Where soil organic matter co ntent 

had been reduced by cultivation of  fertile soils , 

r eins tatement of well managed pas ture resul ted in 

accumul ation of mul l  organic matter over the ensuing 

decade or s o .  I n  both s i tuations , soil nitrogen 

accumulated at maximum annual rates of about 1 10 to 1 2 0  

k g  N/ha , foll owing a classi c al asymptotic pattern towards 

' s teady-state• organic matter l evels . Littl e  change 

was recorded below 15 cm, and allophane-l ike coll o ids 

were cons idered to enhance organic matter accumulation . 

Yearly accumul ation of 1 90 kg N/ha was recorded in an 

impover ished soil below cut sward s , but 310 kg N/ha when 

herbage was dried , ground and returned to plots 

( B aumgart & Browning , cited by Dixon & Jackman 19 5 4 ;  
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Walker et al . 1 9 59 7 Jackrnan 1 9 60 a ,  19 64a , b �  Sears et 

al . 1965a ) . 

( j )  Fertiliser nitrogen s tud ies gave no support to 

its use . Appl ic ation of ni trogen at rates from 40 to 

1 50 kg N/ha , general ly in the late winter-early spring 

period , increased grass yields , but a subsequen t 

' s lumping ' in c l over performanc e over the warm season 

resul ted in an overall DM response which was smal l , 

or even negative , from cut swards ( Hudson & McPherson 

19 3 3 �  Hudson 1 9 3 4 7  Sears 19 5 3b �  Walker et al . 1 9 5 3 7 

Scott 1963 ) .  Thos e results were s omewhat at divergence 

wi th recommendations drawn from the very large number of 

field trial s conduc ted by s taff of the Department of 

Agri cul ture .  I t  was general ly concluded that rel atively 

smal l , tactical dress ings of ni trogen had a place on 

heavily stocked farms , to offset feed shortages over the 

late autumn-winter-early spring per iod . Following 

prescribed use· of nitrogen, appropr ia te pas ture 

management could prevent any s erious slumping in 

subsequent pas ture performance (Hudson & Woodcock 19 3 1 � 

Lynch 19 5 3 7 Larnrnerink 1959 � Dur ing & Weeda 1968 � 

Ell iott 1 9 69 � Curnberland e t  al . 1 9 70 � During 19 7 2 � 

O ' Connor & Curnberl and 1973 7 o•connor 1979 ) . 

3 .  Recent Developments in Farming and Research 

( a )  Farming patterns 

Over the pas t 1 5  years , a swing away from 

supplementary forage cropping to ' all gras s ' managemen t 

s ys tems has been apparent ( Stephen & McDonald 19 7 8 ) .  

An important practical consequence is  that so ils and 

pastures are general ly at a more advanced stage of 

development than was the case When much of our pioneering 

research was being carried out 1 5  to 20 years ago . Soil 

organic matter l evel s are at or approaching a s teady­

s tate , and pastures are markedly grass dominan t .  

A better unders tanding o f  n itrogen rela tionships in 

developed pastu res is needed . While appropriate for 

the time , mos t of our earl ier research concen trated on 

developing swards . 



- 8 -

( b ) Fertil iser nitrogen 

Nitrogen use on pastures varies according to 

prevailing cos t-pr ice rel ationships . Throughout the 

19701s, use on grassland has total led some 10 000 to 

20 000 t N each year . Mos t  of that is used tactical l y ,  

a s  relatively small dress ings to all eviate anticipated 

feed shortages on heavily s tocked farms , under climat ic 

c ondit ions allowing a ni trogen response ( Field & Ball 

1978 ). While most dairyfarmers involved in year-round 

fresh milk production use some ni trogen to stimulate 

cool -s eason pasture growth , it would be common practi ce 

on onl y about 10 to 15% of factory-supply dairyfarms . 

However ,  a recent survey of top producers in the latter 

group revealed that over 8�/o use fertiliser ni trogen , 

some regul arly and some only occasionally ( Hutton 1977). 

Us e of fertil i s er ni trogen on sheep or mixed sheep and 

beef farms appears to be the except ion rather than the 

rul e .  The wri ter knows of no farming situation in New 

Zealand where grazed pas tures regul arly recei ve more 

than 50 kg N/ha over a year , few wh ere regul ar inputs 

would average more than 25 kg N/ha each year over the 

entire farmed area , and many where none is used at al l .  

A significant par t of the ni trogen used on gras sl and i s  

as soci ated with small seed produc tion . 

( c ) Research findings and concepts 

Important developments have taken place in rel ated 

research . Adopting a mass bal ance approach , All i son 

( 1955, 196 5. 1966 ) has contribu ted a great deal to 

unders tanding of nitrogen rel ationships ln many 

agricultural systems . Conservation of matter dic tates 

that nitrogen inputs and outgoings mus t bal ance , after 

allowance for any change in ni trogen retent ion within an 

ecosys tem .  Even under intens ive pas toral farming , 

ni trogen re tent ion and outgoing in lives tock growth and 

produc t  removal i s  small; some 15 to 30 kg N/ha each 

year with sheep or beef farming , and 45 to 75 kg N/ha 

annually wi th dairyfarming ( Whi tehead 1970; Henzell & 
Ros s 1973 ) .  Li ttle i f  any soil nitrogen is 

accumulating in ferti le gras s l and soil s ,  so onl y  a 
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relatively smal l annual input of nitrogen would be 

required to meet known retention and outgoings . 

Henzell ( 1 9 70} has seriously ques tioned the 

large es timates obtained for symbiotic fixation by 

pasture legume s , from studies involving any form 

of • cutting and removal ' management , and using a 

ni trogen bal ance on the soil-plant complex . 

Estimates for annual inputs of 500 to 700 kg N/ha , 

now incorporated into our gras s l and l iterature , 

were obtained in this way ( Sears & Melville 1 9 5 3 ; 

Sears & Evans 1 9 5 3 ; Sears et al . 1 9 5 3 , 1965a) .  

Inabi lity to measure symbiotic fixation in grazed 

pas tur es has been ci ted as a s erious impediment 

to better unders tanding of ni trogen rel ationships 

in pastoral ecosys tems (Henzell 1 9 7 0 ) .  However , 

recent development of two qui te dif ferent 

techniques has all owed prog ress in thi s  respect . 

By l abel l ing the soil mineral nitrogen pool at 

frequent interval s with a minute quantity of 

stabl e isotope , the proportion of legume ni trogen 

obtained from the soil can be estimated (Val l i s  

e t  al . 1 9 6 7 ,  1 9 7 7 ) . The acetyl ene reduction 

assay of ni trogen fixation ( N2 ( c 2H 2 ) fixati on ; 

Hardy et al . 1968 ) has al so been developed for 

field use in New Zealand ( S incl air 1 9 7 3 , 1 9 7 5 ; 

S inclair et  al . 1 9 7 6 ; Hoglund & Brock 1978 } . 

Doubtle s s  these techniques will be refined with 

time . Meanwhile , thei r application to s tudies 

in gras s-clover as soci ations in this country 

( Edmeades & Goh 1 9 7 8 ; Hoglund et al . 19 7 9 ) 

has provided estimates for fixation by white clover 

which are only a half or l es s  of  those derived from 

earlier mowing s tudi es . 

Under s tanding of nitrogen rel ationships would 

be more s imple if clovers did meet almos t al l 

/ 1 their nitrogen requirements by symbiotic fixati on , 
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as has been contended . Citing many exceptions , 

Val lis  ( 19 7 8 ) ques tioned the premi s e  that 

pasture l egumes invari ably obtain l ittle of 

their nitrog en by uptake of mineral nitrogen . 

White clover in clover-dominant swards obtained 

more than 40% of its ni trogen from the soil , in 

a Queensl and s tudy ( Val l i s  et al . 1 9 7 7 ) .  

Edmeades & Gob ( 19 78 )  found that white clover 

obtained between 12 and 18% of total nit rogen 

from soil , throughout a year in C anterbury . 

Dis tinct seasonal contrast in ' fi xation 

efficiency • ( Hoglund et al . 1 9 7 9 ) has also been 

observed , wi th efficiency much higher for clover 

growth over winter than during summer or autumn . 

Recent s tudies in Manawatu , involving 

appl ication of a mas s  balance approach to areas 

of developed pasture influenced by urine , have 

exposed an avenue for subs tanti a l  nitrogen 

losses from the soil-plant compl ex in grazed 

ecosys tems . Urine was appl ied to plots at 

rates cons idered l ikely to repres ent in vivo 

sheep and c attl e  ur ine patches ( 300 and 600 kg 

N/ha � B al l  et al . 19 79b ,  and unpubl ished data ) . 

Ammonia vol atil i s ation , herbage nitrogen yield , 

N2 ( c 2H2 ) fixation and mineral nitrogen 

trans formations throughout the soil profile 

were then moni tored , duri ng s eparate runs under 

contras ting c l imatic condition s . Depending on 

urine rate and weather condi tions , between 5 

and 80% of urinary nitrogen volatilised as 

ammoni a .  Soil total nitrogen did not increase 

below the urine- treated swards .  Compari son 

wi th values obtained from a control sward 

indicated that only some 20 to 4�� of urinary 

nitrogen could be accounted for , either removed 

in cut herbage or present a s  ni trate at depth 

below the treated swards , three to five months 

after urine depos i tion ( loc . cit . ) .  
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Ten years ago , the wri ter discus sed the 

changing pattern of nitrogen rel ationships in 

developing pastures ( Ball 1969 ) and pointed out 

that nitrogen inputs by symbiotic fixati on mus t  

decl ine a s  pasture development proceeds . Not 

onl y does the annual yield of clover decl ine , 

but whi te clover would also obtain a greater 

proportion of its ni trogen from the soil , it 

was reasoned ( loc . cit . ) .  There is now an 

additional concept to superimpos e on that 

developed earl ier . The progress ive increase 

in stocking rate normally as soci ated with 

pas ture development results in formation of an 

increasing quantity of urinary ni trogen within 

the ecos ystem . As subs tanti al losses of 

ni trogen have been as sociated with aggregation 

of ni trogen into urine patches, it  fol lows that 

this  avenue for ni trogen outgoings from the 

ecosys tem becomes quanti tatively more important 

as l ives tock dens i ty increas es . Ni trogen 

removal in animal products and any transfer of 

animal excrement to unproduc tive parts of the 

ecos ys tem would add to those outgoings . 

Wi thin the conceptual framework of a mas s 

bal ance for nitrogen , i t  is  contended th at the 

plateau to produc tion from gras s -clover pastures 

( Sears 1960) is  finally impos ed by nitrogen 

rel ationships . As development proc eeds , the 

increasingly vigorous growth of tall er grasses 

suppresses whi t e  clover performance , so nitrogen 

inputs by symbiotic fixation decl ine . 

Superimpos ed i s  an increasing outflow of 

nitrogen from the ecosys tem , as l ives tock 

densi ty increases . I t  appears axiomatic that 

wi thin limi t s  imposed by cl imate , sp ecies and 

management ,  chronic nitrogen s tress on grass 

growth mus t  impose an upper limi t to total forage 
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production from grazed grass-clover pas tures . 

I t  was reasoned previously tha t ,  with 

exi s ting specie s , any increase in pas tur e 

produc tion beyond this plateau would r equire 

recourse to fertili ser ni trogen ( Ball 1969 ) . 
In the decade s ince that view was formul ated a 

number of detailed studies have recorded herbage 

yield responses to fertil iser nitrogen , in a 

variety of farming si tuations throughout th e  

country : dairyfarming ( Ball 1970 � During 

1 9 7 2 � Holmes & Wheel er 1 9 7 3 � Cumberland et  al . 

1 9 70 � 0 1 Connor & Cumberl and 1 9 7 3 ) �  sheepfarming 

(Harri s  et al . 1 9 7 3 ; Scott 19 7 3 � S teele 1 9 7 6 ; 

Ball et al . 1 9 78 ) ; beef ( Sherlock & 0 1 Connor 

1 9 7 3 ) ,  and moi s t  hill country ( Ball et al . 19 7 6 ; 

Luscombe 19 79) .  Considered col lectivel y ,  

these result s  support the vi ew that an upper 

l imit to total forage production from wel l  

managed , gras s-clover pastures i s  imposed by 

chronic nitrogen stres s on grass  growth . 

4 .  Experimental Objecti ves 

This s tudy was undertaken to gain additional 

information on ni trogen relationships in a 

rel atively mature , highly produc tive ryegrass-

white clover assoc i ation . Becau s e  of a dichotomy 

of  views regarding appl ic ati on of resul t s  from cut 

swards to grazed ecosys tems , sward per formance and 

soil nitrogen were monitored under both graz ing 

and mechanical defoliation . At the s ame time , 

a range of nitrogen treatments was included to 

test the hypothes i s  that soil ni trogen avail abili ty 

imposes an upper l imit to total herbage produc tion 

from gras s-clover a ssoc iations . The range of 

measurements made was to all ow nitrog en bal ances 

to be as s embl ed for the grazed and cut s ys tems . 
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SECTI ON I I  

DRY HERBAGE YIELDS AND SWARD CHARAC TERI STICS 

A INTRODUCTION 

Much of our earl i er research was carried out in mown 

swards ( Walker et al . 19 5 3 ;  Sears et al . 1965a ) .  

Al ternatively,  pas ture performance was monitored by 

repeatedly mowing a central strip in grazed plots ( Sears 

195 3 a ,  c ;  S ears et al . 1 9 5 3 ) .  This was val id for the 

exper imental ob j ectives and reflected the state of 

knowl edge at that time . However , in view of subsequent 

reports of qual itative di fferenc es in sward performance 

under graz ing and mechanical defol iation (Watkin 1 9 5 4 ;  

Brockman e t  al. 1970 ; Sherlock & O ' Connor 1 9 7 3 ;  Ball e t  

al . 1 9 7 6 ) ,  o r  combinations of these (Watkin 1 9 6 2 ) ,  the 

application of some of thos e  results to grazed pastures is 

open to question . I t  is  indeed surpris ing that in a 

country where almos t all forage is harves ted directly by 

grazing animal s ,  so much agricul tural research has been 

conducted under cutting management . New Zeal and 

scien tists have directed l ittle effor t towards as sessing 

the equivalence of pasture performance under graz ing and 

cutting . 

Relative to mechanical harves ting , grazing animal s 

exert a variety of influences on pastures , both 

beneficial and del eterious . These effects have been the 

sub j ect of a recent review (Watkin & elements 1 9 78 ) . 

Mos t  of the mineral s and nitrogen contained in good 

qual ity forage consumed by ruminants are returned to the 

soil-pl ant complex in animal excreta . The influence of 

return of animal excreta has been widely s tudied and the 

benefits to pas ture production are general l y  recogni sed 

( Sears 1 9 5 3c ; Watkin 1 954 ; Jackman 1960 a ;  Levy 1 9 70 ; 

Whi tehead 1 9 70 ; Brockman et  al . 1971 ) .  Because of 

pronounced partitioning of nutrients like l y  to l imit 

pasture growth ( ni trogen , phosphorus , potass ium, sulphur 

and magnes ium ) between urine and dung , the e ffects of 

these two avenues of nutrient return have been sub j ected 

to separate scrutiny in some studies ( Sears 1 9 5 3 a ,  c ;  

Watkin 1 9 54 ; Wolton 1 9 5 5 ) . The del eterious effect of 
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treading damage by grazing animals , on pas ture production 

has been quantified ( Edrnond 1 9 70 ) and discus sed (Watkin & 
el ements 1 9 7 8 ) . While damage is  pos s ible whenever 

pastures are grazed , this effect may dominate only at 

critical times , with soils near saturation . 

The influence of graz ing animal s  as defol iators has 

also been widely s tudied . In  gra s s-clover as sociations 

the effec ts are complex , with importance to l ight 

interception by swards , regrowth rates , competitive 

abil ity of various sward cons tituents , yield and 

botanical compos ition of pas tures ( Brougharn 1960 � Harris 

1978 ; Watkin & elements 1 9 78 ) , soil moisture 

relationships ( Brougharn 1959) and , because of the 

aptitude of sheep in particul ar for selective graz ing , 

the gras s-clover bal ance in mixed swards ( Brougham 1 9 6 6 ; 

Lanc ashire & Keogh 1968 ) .  Thes e inter-related effects 

have been considered within the context of New Zealand 

farming conditions in formul ating pr inciples of grazing 

management for developing ( Sears 1953c ; O ' Connor 1 9 6 6 ; 

Levy 1970 � Suckl ing 1 9 7 5 ) and developed (Brougharn 1 9 70 ; 

Harris 1 9 78 ) gras s-clover pastures . 

There are few reported comparisons of pas ture 

performance under either grazing or mechanical defol iation , 

with management otherwi se common to both treatments . 

Whitehead ( 1 970 ) has reviewed relevant studies carried 

out in the United Kingdom . I n  many instances , such 

graz ing vs cutting compari sons have been confined to pure 

grass swards , which provide a s impler situation for 

interpretation than do gras s-clover mixtures ( Whitehead 

1 9 70 � Richards 1 9 7 6 , 1 9 7 7 ) .  While in the United 

Kingdom , Watkin ( 1954 ) measured the performance of grass­

clover swards , including responses to fertili ser nitrogen , 

under both sheep graz ing and gangrnowing . Over the first 

year , pasture production was very similar under both 

mowing and normal animal grazing , al though mowing showed 

an advantage during autumn . In the second year 

differences became apparent , with gangmown pastures 

exhibiting the superior yield with no or a low rate of 

fertiliser nitrogen input ,  but superseded by grazed 
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pastures at the heavier rates of ni trogen application . 

I n  an extension to that l ine of investigation under New 

Zeal and conditions , that author ( Watkin 1 9 6 2) measured 

higher dry herbage yields from gangmown pas tures in all 

three years of a study in Canterbury. Yield super ior i ty 

over grazed pastures was largely confined to the s ummer 

per iod , and re sul ted almost entirely from increased 

clover growth . I t  was cons idered that the greater 

clover yields in the mown pas tures reflected both 

improved l ight relationships for clover growth , through / - - -
/ removal of any tall gras s hamper , and selective removal 

of clover tis sues by the graz ing animal s� Fol lowing a 

study of the separate effec ts of cutting and graz ing on 

ni trogen respons es by grass-clover swards , also in the 

United Kingdom ( Shaw et al . 1 9 6 6 ) ,  it  was reported that 

grazed swards had a lower clover content than their mown 

counterparts , at all level s of appl ied ni trogen . This 

depress ion of clovers by graz ing was considered to result 

partly from stimul ation of gras s competit ion by animal 

returns of ni trogen . As that effect did not entirely 

expl ain those results , treading damage and selective 

graz ing by animal s  were also consi dered likely to have 

contributed (loc . cit . ) .  

An infl ated clover content would appear to be 

characteristic of mown swards . Over the three year s of 

Watkin ' s  ( 1 962 } New Zeal and s tudy , the average clover 

content of the grazed and mown pas tures was 17 and 3 1% 

respectively, wi th clover contents fal l ing as the study 

progres sed . S imilarly, the contr ibution by clovers to 

total herbage yield from control swards was 3 5% under 

grazing and 45% under cutting , in the two-year experiment 

conduc ted by Shaw et al . ( 19 6 6 } . However , such an ef fect 

was not recorded in an ear l i er s tudy by Sears and coworkers 

( Sears 1 9 5 3 a , c )  at Palmers ton Nor th . They s tudied the 

response of mixed pas tures to return of animal excreta , 

under both graz ing and mowing , for four year s . Whi l e  no 

averaged effect of defol iation method on the proportion 

of clovers in the swards was apparent , some contras ts 

were noted within individual sub- treatments ( Sears 19 53 a ) : 
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in the ' no return ' s eries , the contribut ion of red clover 

was much greater under mowing than graz ing , where the 

single-crowned pl ants were damaged ' by bo th treading and 

nibbl ing ' �  and where no compl ication arose from the 

presence of red clover , the propor tion of  ground cover by 

white clover was greater under mowing , interpreted as the 

result of less intense defol iation by the mower than 

sheep ( loc . cit . ) .  

Bes ides measurement under mowing , another feature of 

previous New Zeal and studies into nitrogen relationships 

in pas tures has been the emphas is placed on research in 

developing swards . On average , clover s  contributed over 

half the total herbage yield from mixed swards in two such 

studies � the first conduc ted over a four-year 

exper imental period ( Sears 1953a ) and the other , six 

years ( Sears et al . 1965 ) .  Such a high clover/grass 

ratio reflected the poor soil nitrogen status of the two 

s ites , as al so indic ated by the very low average annual 

yi elds of dry herbage (� 2 t/ha ) from pure gras s swards 

receiving no nitrogen as excreta or fertiliser .  This 

emphas is on developing swards was per t inent to the then 

s tate of our pas toral industry . But the relevance of 

those results , particul arly the very high l evel s  of 

ni trogen fixation recorded , to the si tuation in well 

developed pas tures on soils of high ni trogen s tatus , has 

been ques tioned ( Ball 1969 � Ball et al . 1 9 79 a ) . 

The study reported herein was undertaken to gain 

additional information on nitrogen relationships in 

highly produc tive , grass -clover associations . Aspects  

of the performance of a rel atively wel l developed 

ryegrass-white clover sward were monitored under both 

graz ing and mechanical defol iation . At the same time , a 

range of nitrogen treatments was included to tes t the 

view that ni trogen availabil ity imposes an upper l imit to 

total herbage production from a wel l  managed gras s-clover 

as sociation , and to gain information on the nitrogen 

s tatus of the experimental site . In this  section , 

t reatment effects on dry herbage yields and sward 

characteri s t ic s  are reported . Ef fects on herbage 



- 1 7  -

nitrogen , and mineral characteristics of herbage and soil , 

are considered in Section I I I . Treatment effects on soil 

nitrogen , and nitrogen bal ances in the grazed and cut 

assoc i ations , are considered in Section IV.  

B MATERIAL S  AND METHODS 

1 S i te and Cl imate 

This  s tudy was carried out at Gras slands Divis ion , 

Palmers ton Nor th , during the period autumn 19 7 2  to wi nter 

1 9 7 5  inclusive . A detailed account of the experimental 

s ite , its hi story and preparation for this  s tudy has been 

given ( Ball et al . 19 78 ) . Details of cultural 

modi fications to soil at the s i te are considered in 

Section I V ,  A .  The recent alluvial soil ( Manawatu fine 

s andy loam �  Cowie 1 9 7 2 ) was freely drained and incl ined 

to drough t .  Wnen measurements began , the area supported 

a vigorous tGras slands Ariki 1 ryegras s ( Lol ium 

[<multiflorum x perenne ) x perenne U- 1Gras s l ands Huia1 

white clover sward , which had been grazed by she ep for 

the two years from sowi ng .  

Basal fertilisers were appl ied twice each year 

throughout the experiment , wi th the aim of precluding 

nutrient deficiencies other than ni trogen . Chemical 

analyses carried out on replicated soil s amples before 

the s tudy commenced , indicated a rel atively fertil e ,  

uniform s i te ,  exhibiting marginal phosphorus deficiency 

( Ball et al . 1978 ) . Accordingly, potassi c superphosphate 

was appl ied each autumn ( 2 2 . 5  kg P/ha , 1 2 0  kg K/ha and 

2 7 . 5  kg S/ha ) and superphosphate each spring ( 45 kg P/ha 

and 5 5  kg S/ha ) .  

To preclude sward failure through atypically dry 

condi tions , supplemental irrigation was u s ed . Water was 

appl i ed to equate the monthly water receipt with its long 

term average rainfall if , and only if , that month ' s  

rainfal l was less  than two-thirds of its average , soil 

mois ture was less than two-thirds of estimated field 

capac ity and there was no immediate prospect of heavy 

rain . Following these criteria , water was applied on 
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the following dates at the nominal r ates indic ated : 

Year I ;  Nov . -Dec . ,  51 mm ;  Feb . , 3 2  mm ; 

Mar . , 5 7  mm . 

Year I I ; Feb . , 51  mm ; Mar . , 51  mm . 

Year I I I ; Nov . -Dec . ,  2 5  mm ; Feb . , 51 mm ; 

Mar . , 45 mm . 

Owing to failure of the irrigation sys tem , the s tated 

pol icy was not adhered to in Year I I . 

Temperature and water relations over the experimental 

period are pres ented in Tabl e 1 .  The outs tanding 

c l imatic feature during the s tudyWls the very dry 

conditions encountered during the l at ter hal f of Year I I . 

An estimated water deficit of 1 70 mm over mid spring-mid 

summer was fol lowed by a further estimated def icit of 

1 0 2  mm over mid summer-mid autumn . Average topsoil 

moisture l evel fell to hal f estimated field capacity over 

the mid spring-mid summer per iod and at one s ampling 

( 2 8 January 1974 ) had fal l en to 7% . Considerable pl ant 

death occurred . 

General views of the experimental area are pres ented 

1n Fig . 1 .  The upper photograph was taken during early 

development of the experimental sward . The lower 

photograph , taken during summer of year I ,  clearly 

i l lustrates a benefit from the supplemental irrigation 

policy adopted . Both views incorporate l it tl e  more than 

hal f the entire experimental site . 

2 Treatments 

( a )  Method of defol iation : the performance of 

swards was compared when sub j ected to grazing by sheep , 

or continual mechanical defol iation . 

Under grazing, l arge plots ( 0 . 0 2 5  ha ) were 

periodically mob-stocked with dry sheep . Pas ture yields 
2 

were recorded under three , 2 m cages located at random 

wi thin each plot immediately before grazing . Sampl ing 

was , as nearly as pos s ible , at the mid point of each 

grazing and normally took two days . Samples were 

harves ted wi th an electric shearing handpiece , below which 

an ad j us table skid was attached , to leave s tubble 



TABLE 1 - Climatic data (from Grasslands Division's recording station) and soil moisture levels 

over the e�erimenta1 eeriod 

Water relations (mm) 
Temperatures (°C)t �· 11 t-3 rt "CC :? Soil moisture 

(1) 0 11 0 
1-'• 0 rt PI rt HI (g water/lOO g ::s (1) PI ::s (1) 1-'· 
HI 1-'· ..... {Jl ::s 0 
PI '0 '0 rt 1-'· dry soil) ..... rt � 1-'· 1-'· rt ..... PI 11 PI § rt PI 1-' 

Screen Grass Soil (1) rt Depth {ern) 
11 1-'• (1) 

0 < 
Min. Max. Mean Min. 0.1 m ::S PI 

:t? 0-15 15-30 

Years 

I 18.4.72-17.4.73 17.3 8.8 13.1 5.9 12.3 740 880 688 

II 18.4.73-8.4.74 18.0 9.7 13.8 6.6 12.6 727 829 770 

Ill 9.4.74-15.4.75 18.3 10.1 14.2 7.4 13.1 1096 1217 876 

Autumn-winter 

I 18.4. 72-1.8.72 . 13.6 5.1 9.4 1.9 7.8 277 277 83 - 25.2 ± 0.4 25.4 ± 0.4 

II 18. 4. 73-31.7.73 14.2 6.7 10.4 3.7 8.1 271 271 82 - 25.0 ± 3.2 23.7 ± 2.3 

Ill 9.4.74-14.8.74 14.3 7.1 10.7 4.6 9.2 526 526 126 - 26.6 ± 3.1 24.2 ± 2.5 

IV 16.4.75-12.8.75 13.9 6.0 9.9 3.7 8.3 406 406 117 - 28.1 ± 1.8 25.8 ± 0.9 1-' 
Winter-sering 00 

� 
I 2.8.72-25.10.72 14.7 6.9 10.8 3.9 9.2 195 195 98 - 21.4 ± 4.6 21.4 ± 4.4 

II l. 8. 73-16.11.73 16.1 8.4 12.2 5.4 11.1 297 297 153 - 25.0 ± 5.5 24.3 ± 4.7 

III 15.8.74-19.11.74 16.3 8.4 12.3 5.6 11.3 353 353 187 - 26.5 ± 3.0 24.2 ± 1.8 

SQring-surnrner 

I 26.10. 72-10.1.73 20.3 11.4 15.8 9.0 16.5 90 141 226 85 19.4 ± 2.9 20.5 ± 2.4 

II 17.11.73-16.1.74 21.4 12.3 1.6.9 8.8 17.1 72 72 242 1.70 14.4 ± 4.9 15.8 ± 3.3 

Ill 20.11..74-21.1.75 23.8 1.3.8 18.8 10.7 18.4 99 124 285 1.61. 1.6.1. ± 6.0 15.9 ± 4.1 

Summer-autumn 

I 11.1. 73-17.4.73 21.3 12.5 16.9 9.6 16.6 178 267 280 13 16.1 ::!: 4.6 17.1 ::!: 4.4 
II 17.1.74-8.4.74 22.9 13.1 18.0 10.2 17.0 88 190 292 102 15.4 ± 4.6 16.7 ± 4.4 
III 22 .1. 75-15.4. 75 22.4 13.7 18.1 11.1 16.9 118 214 278 64 1.6.4 :!: 4.4 15.9 ± 3.5 

t weighted means. t raised pan evaporation X 0.8 
S arithmetic means {::!: standard deviations) from regular samplings. 
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FIGURE 1 - General v1ews acros s the experimental area 

Dur ing developmen t ; winter 1970 

Experiment 1n  progress; summer 1973 



- 1 9  -

approximately equal to that l eft by the sheep . Samples 

from cages within plots were bulked 'and weighed , and sub­

s amples were taken for dry matter ( DM )  determinations and 

botanic al analyses . 

For continual mechanical defol iation ( cutting) , 

3 . 7 2 m2 small plots were maintained within the framework 

of the experiment . They were protected from grazing , 

and herbage was harves ted at the same time and in the s ame 

manner as was that from the grazed plots . A petro l ­

driven vacuum cl eaner , o f  the type used to pick up l eaves 

and litter in publ ic areas , was used to gather up cut 

herbage in all treatments . 

( b) Nitrogen treatments : 7 were imposed . 

1 ( NO) 

2 ( N56) 

3 ( Nll2) 

4 ( N224) 

= grass-clover , control sward ; 

= grass-clover sward receiving a total of 

56  kg N/ha , in spl it dres sings over the 

period l ate autumn to early summer ( c  

9 months) ; 

= gras s-clover sward receiving a total of 

112  kg N/ha , in spl it dressings as above ; 

= gras s-clover sward receiving a total of 

2 2 4  kg N(ha, in spl it dressings as above ; 

5 ( N448) = gras s-clover sward receiving a total of 

448 kg N/ha , in spl it dress ings as above ; 

6 ( N45 x 10) = gras s clover sward receiving a total of 

448 kg N/ha in equal spl its throughout the 

whole year ; 

7 ( Gras s) = a sward ma intained free of clovers , and 

receiving no fertiliser nitrogen . 

All were measured under grazing , but only treatments 1 ,  3 ,  

5 and 7 under cutting . 

Treatments 1 to 5 were designed to cov�r nitrogen 

responses over the periods of the year when such responses 

had been shown to be mos t  l ikely in thi s locality ( Ball 

1 9 7 0 a ,  b, 1973 ; Ball & Field in pre s s ) .  Treatment 6 

was included to assess the extent of any respons e  over 

the dry mid summer-mid autumn period . The purpose of 

treatment 7 was primarily to obtain information relevant 

to the nitrogen relationships considered in Section IV . 

Nitrogen was appl i ed as l ime-ammonium ni trate 
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( 2 3% N) throughout ,  to minimise soil pH shi fts among 

treatments . In treatments 2 to 5 (N56 to N448) the 

annual ni trogen input was spl it in the following manner : 

2 0% after a close defol iation in l ate autumn , 10% 

following defol iation near mid winter , 2 �� at the s tart 

of  regrowth over l ate winter , then the remaining 50% as 

spl it dre s s ings after e ach of the 4 or 5 defol iations 

over the spring-early summer period . In  treatment 6 

( N45 x 10) nitrogen was applied throughout the year , in 

equal splits  after each defol iation . Clovers were 

r emoved from the original sward to create treatment 7 

( Grass) , by spraying wi th 1 Tordon 7 5T '  ( a  commercial 

formul ation of 20% a . i .  2 ,  4 , 5-T ( 2 , 4 , 5- trichlorophenoxy­

acetic acid) as the amine s alt , wi th 7 . 5% a . i .  picloram 

( 4-amino- 3 , 5 , 6-trichloropicolinic acid)) . This was 

appl ied at 2 . 1  1/ha diluted to 3 40 1/ha in water , us ing a 

tractor-mounted boom spray ,  at the s tart of the s tudy . 

Subsequently,  volunteer clover plants were hand-weeded or 

spot-sprayed as necessary . 

In the final year of  the experiment a subs idiary 

s tudy was undertaken to check for possibl e effects from 

the herbic ide used , on sward performance . A pair of 

smal l plots ( each 1 . 86 m2) was randomly located within 

each repl icate of the control pas ture . The grass-clover 

swards had been grazed up to that point , when clovers 

were removed by either appl ication of herbic ide , as 

practised in the main exper iment , or hand-weeding . 

Plots were protected from graz ing and sward performance 

was monitored under cutting for 12 months . 

3 Experimental Procedure 

The interval between defol iations varied with 

s easonal changes in pas ture growth rate , following 

guidelines for grazing management in this  environment 

( Brougham 1 9 70) . A long spell of about 10 weeks was 

given over the late autumn- earl y winter period � 3-4  

weeks over spring- early summer � and as l ittle as two 

weeks dur i ng the mid autumn ' cl ean up • .  Over the first 

year there were 1 2  defol iations . This was r educed to 10 
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i n  the subsequent two years , because of dry summer-early 

autumn condit ions . The ni trogen appl ication rate in 

treatment 6 ( N45 X 10 ) was ad j usted accordingly .  

For the grazed swards , s tocking rates were 

c alcul ated in rel ation to expected yields , with all plots 

grazed at the same time over 3 - 5  days . Towards the end 

of  each graz ing , sheep numbers were ad jus ted in an 

attempt to leave a uniform s tubble of 1-2 cm on all plots . 

Sheep were pre-fed on pasture of the rel evant treatments 

for 24- 3 6  h immediately before each grazing , and were 

managed to ensure that they entered and left the plots in 

a relatively empty s tate , to minimi se fer tility trans fer . 

The area was fenced so that plots were either 

neighbouring ,  or surrounded by an enclosed race . 

Additional sheep were held on these races to avoid any 

c amping tendency among sheep occupying peripheral plots . 

Water was availabl e to s tock at all t imes . 

Cut swards were protected during grazing by large 

c age exclo sures . Thes e  were positioned jus t  before each 

graz ing , and removed immediately afterwards . A 

protective wire was fitted 2 5  cm out from the cage wall s  

to prevent sheep from loafing and excreting near the plot 

edge s . 

To record any change in pl ant popul ations , sward 

' plugs ' ( Mitchell & Gl enday 1 9 5 8 ) were taken from 4 

treatments (NO ,  Nl l 2 ,  N448 and Gras s ) for dis s ection in 

l ate autumn each year . Up to 50 plugs were taken from 

each grazed area,  and 3 2  from each of the smaller cut 

plot s . To minimis e  plot damage , the latter were repl aced 

wi th plugs drawn from the protected area abound ing the 

plot s . S ampling took place some 4 to 6 weeks after 

r e ins tatement of a pos it ive soil water bal ance in autumn . 

An addition al set of s amples was taken at the height of 

the growing season , but only from the grazed swards . I t  

was considered that twice-yearly sampling would c reate 

undue disturbance in the cut swards , which were much 

smaller in area . 

The s everely dry condit ions over the latter hal f of 

year II ( Table 1 )  c aused subs tant ial sward damage . All 
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swards were under-drilled with 1 G .  Ariki 1 ryegras s at 

28 kg/ha , on l April 19 74 , using a disc-coulter dri ll 

fol lowed by light chain harrows . Surface soil 

d i sturbance was minimal . Both grass establ ishment and 

clover regeneration were excell ent , resulting in 

reinstatement of a productive ryegrass -white clover sward 

within three months . 

4 Des ign, Stati stic al Procedure and Format of Resul ts 

Treatments were randomly ass igned to plots within 

each of 4 repl icates . The small plots of the ' cutting ' 

treatments were located , us ing randomised co-ordinates , 

within the corresponding grazed areas . 

For 7 months prior to the imposition of treatments , 

data were col lected on species • yields from individual 

plots . Till er populations were al so recorded 

immediately before the experiment commenced . This  

information was used for ad jus tment , by covariance 

analyses , of relevant data der ived over the experimental 

period . 

Analyses of variance were c arried out usi ng a 

s tati stical proc edure which would accommodate the 

unbal anced des ign . Thi s  al lowed tes ts of s ignificance 

for main treatment ( defoliation and ni trogen treatments ) 

effects , but would not allow for interac tions to be 

tested . Because of treatment dif ferences in variance , 

neither s tandard errors nor least signi ficant dif ferences 

were calcul ated . To give an indication of error 

variance , co-efficients of variation (CV ) have been 

t abul ated . 

Throughout thi s  report ad jus ted means have been 

t abul ated for herbage yields and sward characteristic s . 

I n  s ome few ins tances thi s  s tatis tical procedure generated 

implausible values ( e . g . a negative clover yield for the 

c l over- free treatment ) .  In  deference to common�ens e ,  

such values have been expurgated from the tabul ated data 

and repl aced with an appropriate word ( e . g . ' nil ' or 

• trace ' ) in sympathy with the raw data.  

Three or four s igni ficant figures were included in 
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the raw data for s tatistical analyses . Because of the 

volume of data col lected , means have been severely 

rounded in some cases to facilitate tabul ation . For the 

s ame reason , the format used in presenting results has 

been simpl i fied .  The comparison of pr incipal interest 

among the nitrogen treatments is that between the gras s ­

clover control (NO )  and each of the other 6 treatments . 

Summaries of tests for significanc e are pres ented in full , 

only for those comparisons . C onventional symbol ism i s  

used throughout ( ns = not s igni ficant ; * = P < 0 . 0 5 ; 

* *  = P < 0 . 0 1 ;  * * *  = P < 0 . 00 1 ) . Only data essential 

to development of concepts in this series of pape rs have 

been pres ented . A copy of the full range of all 

tre a tment compari sons , for all parameters recorded at 

each measurement , is held by the author. 

To gain information on the extent of any 

interactions , annual data from the nitrogen treatments 

common to both methods of defol iation were sub j ec ted to 

s eparate analyses . Annual totals for dry herbage yield , 

and its components , were extracted for treatments NO , 

Nll 2  and N448, and were subje c ted to anal ys es of variance 

as 2 X 3 X 4 factorial s . The ' Gras s • treatment data 

were al so included in s eparate analyses as 2 X 4 X 4 

fac torial s . In both cases , tests of signi ficance were 

conducted on the defol iation X nitrogen treatment 

interactions . 

C RESULTS AND DISCUSSION 

1 Total and Spec ies • Herbage DM Yields 

Herbage dissections were c arried out at each harves t ,  

to apportion total yield among clover , ryegras s ,  other 

gras s es , other species and dead herbage . For reporting , 

total yield s have been aggregated among clover , grass and 

dead herbage components . The ' gras s ' component 

c omprises all live , non-legurnineus material ( ryegras s ,  

o ther grasses and weeds ) .  Sown speci es made up the bulk 

of measured herbage . C lover was almost entirely white 
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( T .  r epens ) ,  with an occasional trace of red ( T . pratense ) 

and suckling ( T. dubium ) clovers . Ryegrass provided 

over 90% of the non-leguminous herbage measured over the 

firs t year , 8 2% in the s econd ,  and 8�/o in the final year . 

The remainder comprised other grasses (principal 

contributors being Poa spp . , browntop ( Agros tis tenuis ) 

and goose grass ( Bromus moll i s ) )  and weed species 

(principal contributors being docks ( Rumex spp . ) ,  

dandel ion ( Taraxacum officinale ) and common daisy ( Bell i s  

perennis ) ) ,  in roughly equal proportions . There was no 

indic ation of a cons is tent rel ationship between the input 

of fertil iser nitrogen and the yield of eith er weed 

spec ies or gras ses other than ryegras s .  Di fferences did 

devel op , however , in the th ird year between defol iation 

treatments . Mean annual yield of grasses other than 

ryegrass from the grazed swards was higher than tha t from 

the cut swards ( 62 7  vs 441 kg DM/ha � result * ) .  The 

reverse was the case with weed species ' yields ( 78 7  vs 

1090 kg DM/ha �  resul t * ) .  

Herbage yields are pres ented in Tabl es 2 and 3 ,  

together with summaries  of s tatis tical anal yses . 

' S easonal ' yields represent the aggregated yields from 

individual harves ts as fol l ows : ( i )  autumn-winter : 

incorporates yields followi ng the 20% split dre s si ng of 

nitrogen in autumn and a subsequent 1�/o dress ing in earl y 

winter � ( i i )  winter- spring : incorporates yields 

foll owing the 2 0% spl it dre s s ing of nitrogen ahead of 

regrowth in l ate wi nter , and two subsequent 1�/o spl its 

over early spring � ( i i i ) spring-summer : incorporates 

yields over the remainder of the growing season , while 

spl i t  appl ications of nitrogen were continued � ( iv )  

summer-autumn : nitrogen applic ation was discontinued to 

all but treatment 6 ( N45 X 10 ) over this seasonally dry 

peri od of the year . 

( a )  Method of defol i ation ( Grazing Y2 Cutting ) 

Grass yield over the year was higher under grazing 

in all three years , this di fference becoming more 

pronounced as the experiment progressed ( Tabl e  2 ) .  

Annual dead herbage yields under grazing were about 
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TABLE 2 - Annual and seasonal dry herbage yields ( t  DM/ha ) ;  ad jus ted 
means for defol iation treatments 

YEAR I 

Total 

Clover 

Grass 

Dead 

YEAR I I  

Total 

Clover 

Grass 

Dead 

ANNUAL 
YIELDS 

Grazed Cut 

( 18 . 4 . 72 -

17 . 4 . 73 )  

19 . 01 1 6 . 79 
* * *  

5 . 1 3  4 . 93 

ns 
1 2 . 72 1 1 . 42 

* 

1 . 14 0 . 54 
* * *  

( 18 . 4 . 73 -

8 . 4 . 74 )  

1 6 . 54 1 3 . 56 
* * *  

3 . 35 3 . 79 

ns 
1 1 . 95 9 . 25 

* * *  

1 . 24 0 . 59 
* * *  

YEAR I I I  ( 9 . 4 . 74 -

1 5 . 4 . 75 )  

Total 

Clover 

Grass 

Dead 

YEAR IV 

Total 

C lover 

Grass 

Dead 

1 8 . 69 15 . 07 
* * *  

2 . 82 3 . 55 
* 

1 4 . 21 1 0 . 74 
* * *  

1 . 68 0 . 82 
* * *  

(AUT . -WINT. 
onl y )  

AUT. -WINT . 

Grazed Cut 

( 1 8 . 4 . 72 -

1 . 8 .  72 ) 

2 . 42 2 . 58 

ns 
0 . 3 3  0 . 35 

ns 
2 . 00 2 . 1 3  

ns 
0 . 09 0 . 07 

ns 

( 18 . 4 . 73 -

3 1 .  7 .  73 ) 

2 .  70 1 . 85 
* * *  

0 . 3 7 0 . 45 

ns 
2 . 25 1 . 3 6 

* * *  

0 . 07 0 . 04 
* *  

( 9 . 4 . 74 -

14 . 8 . 74 )  

3 .  72 2 . 91 
* * *  

0 . 65 0 . 79 

ns 
2 . 95 2 . 02 

* * *  

0 . 1 3  0 . 10 
* * *  

( 1 6 . 4 . 75 -

12 . 8 . 75 )  

3 . 23 2. 82 
* *  

0 . 35 0 . 82 
* * *·  

2 .  77 1 . 89 
* * *  

0 . 1 1  0. 10 

ns 

SEASONAL YIELDS 

WINT. -SPR. 

Grazed Cut 

( 2 . 8 .  72 -

25 . 10 .  72 ) 

4 . 58 4 . 44 

ns 

0 . 93 0 . 72 
* 

3 . 58 3 . 67 

ns 
0. 06 0 . 06 

ns 

( 1 . 8 . 73 -

1 6 . 1 1 . 73 ) 

6 . 96 5 . 82 
* * *  

0 . 82 0 ; 92 

ns 
5 . 86 4 . 75 

* * *  

0. 29 0 . 16 
* * *  

( 15 . 8 . 74 -

1 9 . 1 1 .  74 ) . 

7 . 30 5 . 92 
· * * *  

0 . 73 0 . 73 

ns 
6 . 28 5 . 05 

* * *  

0 . 31 0 . 1 3  
* * *  

SPR . -SUM. 

Grazed Cut 

( 26 . 10 . 72 -

10 . 1 . 73 )  

6 . 55 5 . 15 
* * *  

1 . 82 1 . 43 
* 

4 . 48 3 . 61 
* *  

0 . 28 0 . 14 
* * *  

( 17 . 1 1 . 73 -

1 6 . 1 . 74 )  

3 . 71 2 . 85 
* *  

0 . 32 0 . 50 
* *  

2 .  72 2 . 14 
* 

0 . 66 0 . 24 
* * *  

( 20 . 1 1 .  74 -

21 . 1 . 75 )  

3 . 94 2 . 94 
* * *  

0 . 45 0 . 52 

ns 
2 . 70 2 . 02 

* * *  

0. 78 0 . 40 
* * *  

S UM. -AUT. 

Grazed Cut 

( 11 . 1 . 73 -

17 . 4 . 73 )  

5 . 48 4 . 65 
* * *  

2 . 04 2 . 42 
* 

2 . 68 2 . 00 
* * *  

0 . 74 0 . 26 
* * *  

( 17 . 1 . 74 -

8 . 4 . 74 )  

3 . 17 3 . 03 

ns 
1 . 83 1 . 92 

ns 
1 . 12 0 . 99 

ns 
0 . 22 0 . 16 

* *  

( 22 . 1 . 75 -

1 5 . 4 . 75 )  

3 . 73 3 . 31 
* 

1 . 00 l .  50 
* * *  

2 . 28" 1 . 65 
* * *  

0 . 45 0. 18 
* * *  
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TABLE 3 - Annual and seasonal dry herbage yields ( t  DM/ha ) ;  ad justed 
means for nitrogen treatments 

( a ) ��AL YIELDS 

0 56 

YEAR I ( 1 8 . 4 . 72 - 1 7 . 4 . 7 3 )  
Total 1 7 . 1 3 1 8 . 68 

ns 
C lover 7 . 0 6 6 . 5 2 

ns 
Grass 9 . 2 3 11 . 58 

* 

Dead 0 . 80 0 . 74 
ns 

YEAR I I  ( 1 8 . 4 . 73 - 8 . 4 . 74)  
Total 1 3 . 64 1 5 . 9 2  

* 

Clover 4 . 5 3 4 . 08 
ns 

Grass 8 . 1 6 1 1 . 1 1 
* * 

Dead 0 . 87 0 . 87 
ns 

YEAR I l l  ( 9 . 4 . 74 - 1 5 . 4 . 7 5 )  
Total 1 6 . 10 1 6 . 94 

ns 
C lover 5 . 00 3 .  7 7  

* 

Grass 9 . 92 1 2 . 01 
* 

Dead 1 . 08 1 . 3 8 
* 

Nitrogen treatmentt 
112 224 448 45X10 Grass 

18 . 66 1 8 . 59 21 . 1 6  19 . 96 1 1 . 1 3 
* ns * * *  * *  * * *  

6 . 09 5 . 2 3 5 . 20 5 . 01 0 . 0 7 
ns * *  * * *  * *  * * *  

1 1 . 54 1 2 . 84 15 . 46 1 3 . 91 9 . 91 
* *  * *  * * *  * * *  ns 

0 . 82 0 . 7 3 0 . 9 7 0 . 92 0 . 88 
ns ns ns ns ns 

1 5 . 59 1 5 . 85 1 7 . 41 1 7 . 2 5 9 . 6 7 
* *  * * * *  * * *  * * *  

4 . 94 3 . 9 3 3 . 82 3 . 66 0 . 01 
ns ns ns ns * * *  

9 . 69 1 1 . 30 1 2 . 90 1 2 . 50 8 . 53 
ns ** *** * * *  ns 

0 . 8 5 0 . 94 1 . 0 3 0 . 9 7 0 . 88 
ns ns ns ns ns 

1 7 . 16 1 8 . 48 19. 73 1 9 . 4 5 10 . 3 0 
ns * *  * * *  * * * * * *  

4 . 06 3 . 63 2 . 64 3 . 2 1 trace 
* * * * *  * *  * * *  

11 . 86 13 . 83 15 . 92 14. 87 8 . 95 
* *  * * *  * * *  * * *  ns 

1 . 2 1 1 . 34 1 . 42 1 . 2 4 1 . 07 
ns * * * *  ns n s  

f S tatistical comparisons are be tween NO ( control ) and other nitrogen 
treatments . 

CV 

(% ) 

7 

20 

14 

18 

9 

29 

16 

19 

7 

2 7  

10 

14 
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TABLE 3 (Contd ) 

( b )  SEASONAL YIELDS 
Nitrogen treatmentt 

0 56 1 1 2  

Autumn-winter I ( 1 8 . 4 . 72 - 1 . 8 . 72 )  
Total 2 . 2 1 2 . 44 2 . 43 

ns 
Clover 0 . 40 0 . 44 

ns 
Grass l. 72 1 . 9 3 

ns 
Dead 0 . 09 0 . 0 7  

ns 

ns 
0 . 41 

ns 
1 . 92 

ns 
0 . 08 

ns 

Autumn-winter I I  . ( 1 8 . 4 . 7 3 - 3 1 . 7 . 7 3 )  
Total 2 . 0 9 2 . 0 1 2 . 3 1 

Clover 0 . 51 

Grass 1 .  54 

Dead 0 . 0 6 

ns 
0 . 50 

ns 
1 . 46 

ns 
0 . 0 3 

ns 

ns 
0 . 47 

ns 
1 . 80 

ns 
0 . 04 

ns 

Autumn-winter I l l  ( 9 . 4 . 74 - 14. 8 . 74 )  
Total 3 . 1 7 3 . 29 3 . 2 7 

ns ns 
Clover 0 . 89 0 . 7 5  1 . 0 7 

ns ns 
Grass 2 . 1 5 2 . 48 2 . 10 

ns ns 
Dead 0 . 1 1 0 . 09 0 . 11 

ns ns 

Autumn-winter IV ( 1 6 . 4 . 7 5 - 1 2 . 8 . 7 5 )  
Total 2 . 81 2 . 9 5 3 . 1 7 

Clover 0 . 96 

Grass 1 .  78 

Dead 0 . 08 

ns 
0 . 81 

ns 
2 . 04 

ns 
0 . 0 8 

ns 

ns 
o. 71 

ns 
2 . 41 

* *  

0 . 09 
ns 

2 24 

2 . 6 5 
* *  

0 . 38 
ns 

2 . 20 
* *  

0 . 06 
ns 

2 . 2 1 
ns 

0 . 41 
ns 

l .  73 
ns 

0 . 04 
ns 

3 . 44 
ns 

0 . 96 
ns 

2 . �4 
ns 

0 . 10 
ns 

3 .  50 
* *  

0 . 55 
* 

2 . 78 
* * *  

0 . 12 
ns 

448 

2 . 99 
* * * 

0 . 40 
ns 

2 . 5 3 
* * *  

0 . 0 7  
* 

2 . 54 
* *  

0 . 52 
ns 

1 . 96 
* 

0 . 0 5  
ns 

3 . 70 
* 

0 . 6 5  
ns 

2 . 9 5  
* *  

0 . 1 3  
ns 

3 . 4 7  
* *  

0. 5 3  
* *  

2 . 7 6  
* * *  

0. 1 1  
ns 

45Xl0 

2 . 86 
* * *  

0 . 3 3 
ns 

2 . 45 
* * *  

0 . 0 8 
ns 

2 .  7 7  
* * *  

0 . 46 
ns 

2 . 2 6 
* *  

0 . 0 5 
ns 

3 . 72 
* 

0 . 73 
ns 

2 . 8 7 
* 

0 . 09 
ns 

3 . 3 7 
* 

0 . 53 
.. 

2 . 73 
* * *  

0 . 1 2  
n s  

Grass 

1 . 83 
.. ..  

0 . 02 
.. .. ..  

1 .  70 
ns 

0 . 11 
ns 

2 . 02 
ns 

0 . 01 
* * * 

1 . 89 
* 

0 . 1 3 
* * *  

2 . 60 
* 

trace 
* * *  

2 . 39 
ns 

0 . 1 6  
* *  

1 . 90 
* * *  

trace 
.. .. ..  

1 . 82 
ns 

0 . 1 2 
ns 

CV 

(% ) 

9 

2 1  

1 1  

31 

1 3  

3 6  

18 

47 

13 

36 

19 

24 

12 

43 

17 

39 
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TABLE 3 ( r.ontd ) 

N itrogen treatment t CV 

0 5 6  112  2 2 4  448 45Xl0 Gra ss ..ru 
Winter-sEr i n9 I ( 2 . 8 . 7 2 - 2 5 . 10 . 72 )  

Total 4 . 10 4 . 58 4 .  70 4. 71 5. 5 5  5 . 10 2 . 82 
ns * ns * * *  * *  * * *  10 

Clover l .  3 3  1 . 0 7  0 . 94 0 . 99 0. 7 6  o .  7 1  trace 
ns * *  * * * *  * * *  * * *  2 6  

Grass 2 . 69 3 . 50 3 . 69 3 . 71 4. 78 4.  29 2 . 72 
* * *  * * * *  * * *  ns 16 

Dead Q . O S 0 . 0 5 0 . 06 0 . 0 6 0 . 0 6 0 . 0 8 0 . 0 5 
ns ns ns ns ns ns 25 

Winter-sEring I I  ( 1 . 8 . 7 3 - 1 6 . 1 1 .  73 ) 
Total 5 . 7 3 6 . 5 3 6 . 91 6 . 86 8 . 0 5  7 . 59 3 . 0 7 

* * * *  * *  * * *  * * *  * * * 9 
Clover l .  3 2  0 . 9 6 1 . 44 0 .  77 0 . 83 0 . 76 trace 

ns ns * * * * * *  43 
Grass 4 . 1 9 5 . 3 9 5 . 24 5 . 96 7 . 01 6 . 5 5 2 . 79 

* *  * *  * * *  * * *  * * *  * * *  1 2  
Dead 0 . 20 0 . 20 0 . 2 3 0 . 1 7 0 . 2 3  0 . 2 7  0 . 2 3  

ns ns ns ns ns ns 30 

Winter-spring I l l  ( 1 5 . 8 . 74 - 19 . 1 1 .  74 ) 
Total 6 . 24 6 . 3 7  6 . 80 7 . 3 6 8 . 1 7  7 .  72 3 . 58 

ns * *  * * *  * * *  * * *  * * *  6 
Clover 1 . 42 0 . 81 0 . 95 . 0 .. 82 0 . 44 0 . 66 trace 

* *  * *  * *  * * *  * * *  * * *  44 
Grass 4 . 5 7  5 . 44 5 . 61 6 . 41 7 . 5 7  6 . 81 3 . 24 

* * * *  * * *  * * *  * * *  * * *  9 
Dead 0 . 2 2 0 . 2 2 0 . 2 1 0 . 2 1 0 . 24 0 .  2 1  0 . 2 3  

ns ns ns ns ns ns 25 
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TABLE 3 (Contd ) 

Nitrogen treatrnentt CV 

0 5 6  H2 224 448 45Xl0 Grass (% ) 

Spring-summer I ( 2 6 . 10 . 72 - 10 . 1 . 73 )  
Total 5 . 71 5 . 98 6 . 03 6 . 2 2 7 . 2 9 6 . 49 3 . 20 

ns ns ns * * *  * * * *  8 
Clover 2 . 45 2 . 04 2 . 06 1 . 43 1 .  52 1 . 88 trace 

ns ns * *  * * *  ns * * *  31 
Grass 3 . 0 5 3 . 84 3 . 74 4 . 73 5 . 67 4 . 38 2 . 89 

ns ns * *  * * *  * *  ns 18 
Dead 0 . 1 7 0., 17 0 . 19 0 . 18 0 . 2 4 0 . 20 0 . 2 1 

ns ns . ns ns ns ns 2 5  

Spring-summer I I  ( 1 7 . 1 1 . 73 - 16 . 1 .  74)  
Total 2 . 7 6 3 . 9 6 3 . 15 3 . 55 3 . 84 3 . 67 2 . 04 

* ns ns * *  * * 2 1  
Clover 0 . 59 0 . 46 0 . 66 0 . 34 0 . 42 0 . 42 trace 

ns ns * ns ns * * *  42 
Grass 1 .  70 3 . 1 3 2 . 05 2 . 7 7 2 . 99 2 . 73 1 .  6 3 

* *  ns * * * *  * ns 2 7  
Dead 0 . 45 0 . 40 0 . 40 0 . 55 0 . 5 6 0 . 48 0 . 3 3 

ns ns ns ns ns ns 2 6  

Spring-summer I l l  ( 20 . 1 1 . 74 - 2 1 . 1 .  7 5 )  
Total 2 . 92 3 .  71 3 . 63 3 . 88 4 . 0 2  4 . 20 1 .  70 

* *  * *  * * *  * * *  * * *  * * *  1 1  
Clover 0 . 90 0 . 64 o .  51 0 . 46 0 . 40 0 . 49 0 . 01 

ns * *  * *  * * *  * *  * * *  4 6  
Grass 1 .  57 2 . 3 7 2 . 51 2 . 76 3 . 00 3 . 01 1 .  32 

* *  * * *  * * *  * * *  * * *  ns 16 
Dead 0 . 45 0 . 7 3 0 . 58 0 . 69 0. 68 0 . 68 0 . 34 

* *  ns * *  * *  * ns 2 3  
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/ TABLE 3 (Contd ) 

Nitrogen trea tmentt CV 

0 5 6  112 224 448 45Xl0 Grass (%) 

Summer-autumn I ( 1 1 . 1 . 73-1 7 . 4 . 73 )  
Total 5 . 10 5 . 68 5 . 48 5 . 01 5 . 3 5  5 . 50 3 . 31 

ns ns ns ns ns * * *  11 
Clover 2 . 88 2 . 97 2 . 68 2 . 43 2 . 52 2 . 09 0 . 0 5  

ns ns ns ns * * * *  2 1  
Grass 1 . 7 7  2 . 30 2 . 18 2 . 20 2 . 48 2 . 78 2 . 6 5 

ns ns ns * *  * * *  * * *  1 8  
Dead 0 . 48 0 . 45 0 . 48 0 . 42 0 . 60 0 . 56 0 . 51 

ns ns ns ns ns ns 2 5  

Summer-autumn I I  ( 1 7 . 1 . 74-8 . 4 . 74 )  
Total 3 . 0 6 3 . 42 3 . 2 2 3 . 2 5 2 . 98 3 . 22 2 . 5 5  

ns ns ns ns ns ns 15 
C lover 2 . 12 ? - 1 7  2 . 38 2 . 41 2 . 0 5  2 . 02 trace 

ns ns ns ns ns * * *  31 
Grass 0 . 74 1 . 1 2 0 . 59 0 . 84 0 . 93 0 . 96 2 . 2 1 

ns ns ns ns ns * * *  43 
Dead 0 . 1 6 0 . 2 3 0 . 1 8 0 . 18 0 . 19 0 . 1 7 0 . 18 

ns ns ns ns ns ns 31 

Summer-autumn I I I  ( 2 2 . 1 . 7 5-1 5 . 4 . 7 5 )  
Total 3 . 75 3 . 58 3 . 46 3 . 80 3 . 83 3 . 80 2 . 41 

ns ns ns ns ns * * *  1 3  
Clover 1 . 80 1 .  5 6  1 . 53 1 . 40 1 . 14 1 . 34 trace 

ns ns ns * *  ns * * *  31 
Grass 1 .  62 1. 7 3  1 . 63 2 . 21 2 . 39 2 . 18 1 . 99 

ns ns ns * *  ns ns 24 
Dead 0 . 2 9 0 . 3 5  0 . 30 0 . 3 3  0 . 3 7  0 . 2 5 0 . 34 

ns ns ns ns ns ns 24 

+ Statistical comparisons are between NO ( control ) and other nitrogen 
treatments . 

· I 
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doubl e those recorded under cutting , in each of the three 

years . From near-equival ence in year I ,  rel ative clover 

yield from the cut swards increased as the experiment 

proceeded . In the f inal year , cut swards produced more 

clover than those under grazing . However , inspection of 

the annual yield data in Table 2 indic ates that th i s  

result refl ected a progressive decline in clover yield 

from the grazed swards rather than inflation of clover 

yield by cutting . 

Under the experimental condit ions , grazed swards 

cl earl y outyielded their cut counterparts . The yield 

superiority of the grazing treatment ,  in terms of both 

grass and dead herbage , was evident following mid spring­

mid summer growth in year I ,  and then persisted over all 

s easonal periods throughout the experiment ( Table 2 ) .  

The reduc tion in clover yield associ ated wi th grazing in 

the second and third years did not fully offset th e gains 

from other yield cons tituents . The increase in annual 

total dry herbage yield attributable to grazing ( 1 3  to 

2 4% )  became more pronounced as the experiment progressed .  

( b )  Responses to fertil iser nitrogen 

Respons ivenes s  of the se grass-clover swards to 

fertili ser nitrogen i s  cl early es tabl i shed ( Table 3 ) ,  

a l though there was some variabil ity between years . To 

provide a general description of this  respons e ,  the 

ad jus ted dry herbage means have been averaged over years 

( Table 3 a )  and individual seasons ( Table 3b ) for the NO , 

N5 6 ,  Nll 2 ,  N224 and N448 treatment s ,  and are presen ted in 

Fig . 2 .  

Examination of these data was fru s trated by 

unaccountabl e variation among treatment means . Treatmen t  

N5 6 ,  i n  particul ar , exhibi ted what appear to b e  s ome 

aberrant results : i t s  total yield was simil ar to that 

recorded from Nll 2  and N2 2 4  over years I and II  ( Table 3 a ) � 

and it  exhibited the highest yield among al l treatments 

over the very dry spring- summer period of  year I I  

( Table 3b ) .  Inspection of the experimental s i te revealed 

that three of the four replications of N5 6 occupied 

local i sed areas of deeper topsoil . Thi s  was confirmed 
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FIGURE 2 - Herbage DM respons es  to fertil i ser ni trogen 

by grass-clover swards �  averages of annual and 

seasonal yields ( s ignifi c ance indicated for 

slope of regress ion lines ) 
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from aeri al photographs taken s oon after the pronounced 

dry spel l in year I I .  The rel atively good performance 

of N56 under seasonal ly dry conditions i s  apparent from 

vi sual inspection of the seasonal data in Fig . 2 ,  and is  

reflected in the average annual yields from that 

treatment . Unfortunately ,  thi s  variation was not 

identified during the period of uni formity measurements , 

as the s i te was not then sub j ec t  to severe moi s ture s tres s .  

Linear regres sion anal yses were carried out using 

thes e average annual and seasonal means to test for 

signi ficant effects of fertiliser nitrogen rate on dry 

herbage yields . Separate regress ion anal yses  were 

conducted , first using al l treatment me ans , then exclusive 

of data from the N56 treatment . The l atter approach 

r esul ted in little change in the pattern of relationsh ips 

r ecorded from the annual and autumn-win ter data . 

However , i t  did result in s ignificant slopes bei ng 

recorded for the regres s ions of clover yield in winter­

spri ng ,  total yield in spring- s ummer and grass  yield in 

summer- autumn , all on annual ni trogen input . ( These 

were not s ignificant wi th N56 data included ) .  In  view 

of the author ' s  circumspection about resul ts from the N56 

treatment , those data have been excluded from the l inear 

regress ions presented in Fig . 2 .  

Signi ficant positive slopes were recorded in the 

regress ion lines for grass and total herbage yields over 

all three seasons when these swards were receiving 

fertilis er nitrogen . Thi s  relationship was refle cted in 

average annual yields , wi th grass and total herbage 

increas ing as the rate of nitrogen input increased . 

Thes e  averaged effects are l argely supported by results 

r ecorded in individual years ( Table 3 a ) .  Rel ative to 

control , N448 increased total yield in all three year s , 

N2 2 4  and Nll 2  in two of the three years , and N56 only in 

the second year . With one exception , annual yields of 

grass herbage were increas ed with nitrogen u s e , 

irrespective of application rate , in all three years . 

S ignificant negative slopes were recorded in the 

r egression l ines for clover yield in two of the three 
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seasons when nitrogen was being appl ied to the s e  swards . 

That clover yield fell as nitrogen r ate increased was also 

evident in the average annual yield s of clover herbage . 

Again , these averaged effects are l argely in accord with 

the pattern of resul ts recorded over individual years 

( Tabl e 3 a ) .  In year I ,  when clover yields were 

generally subs tantial , reductions rel ative to control were 

recorded in swards receiving Nll2 and N448 . In the 

second year , which was much drier ( Table 1 )  and wh en 

clover yields were almost a th ird l e s s  on average , no 

signi ficant reduc tion in clover yield was recorded . In 

the final year , clover yields were s igni ficantly r educ ed 

in all swards receiving ni trogen, irrespe ctive of  rate . 

Over the mid summer-mid autumn period, when nitrogen 

appl ications were discontinued to all these treatments , 

residual r espons es were apparent in the averaged results  

( Fig . 2 ) .  Gras s yields increased and clover yield s 

decreased as the annual rate of nitrogen input increas ed . 

These two effects were complementary , as total herbage 

yield was virtual ly unaffected by nitrogen rate . That 

the slope of the regression lines for the grass and clover 

components was s ignificant over this period would appear 

to refl ect a smoothing of the data by averaging over the 

three years . Within individual years ( Table 3b ) ,  the 

only res idual effects recorded over the summer- autumn 

period were from the N448 swards � a significant increase 

in grass  yield in the first and final years and a 

signific ant reduc tion in clover yield in the final year . 

However ,  resul ts from the individual years conf irm that 

total herbage yield was unaffec ted by nitrogen treatment 

over thi s  s easonal ly dry period . 

Average seasonal yields of dead herbage were 

unaffec ted by ni trogen treatment . However , the 

s ignificant positive slope for the regression of average 

annual dead herbage yield on annual nitrogen rate ( Fig . 2 )  

indicates a minor effec t .  Wi thin years ( Tabl e  3a ) .  such 

an effect was recorded onl y  over the final year , when dead 

herbage yield from the N448 swards was a modest 3 40 kg DM/ 

ha greater than that from the control swards . 
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The performance of swards in treatment N45 X 1 0 , to 

which spl i t  dressings of nitrogen were continued under 

s easonally dry conditions , was s imilar in almos t  al l 

respects to that of N448 , over this  mid summer-mid autumn 

period . Both treatments received the same total input 

of nitrogen each year , but none was appl i ed to N448 swards 

over this period . Yet ,  neither total herbage yield nor 

any of its components di f fered between the se two treatments , 

over any of the three mid summer-mid autumn s easonal 

periods ( s tatis tical summaries not presen ted ) .  Nor did 

e i ther of these two treatments dif fer in total herbage 

yi eld from control over that period ( Table 3b ) . 

Botanical composition was affected , however , with 

s igni ficant reduc tions , relative to NO , in clover yields 

and/or inc reas es in grass  yields recorded in the first 

and final years . 

( c )  Efficiency of nitrogen respons es 

To give an indication of the efficiency of herbage 

responses ( kg additional DM/kg N appl ied )  recorded from 

thes e  grass -clover swards , total yield increments have 

been averaged over each of the three rel evant seasonal 

periods , and years , for treatments N56 , Nll2 , N2 2 4  and 

N448 . The averaged data are presented in Table 4 .  

Bearing i n  mind the author ' s  reservations over data from 

treatment N56 , some trends are indicated . 

Rel atively low response efficiencies were recorded 

under the cool , moi s t  conditions of mid autumn-mid winter . 

Under the better conditions for pasture growth over mid 

winter-mid spring-mid summer , greater response 

effic iencies are indicated . Values were at least doubl e 

those recorded over mid autumn-mid winter , but they may 

have included s ome c arry-over effects from nitrogen 

dres sings in the preceding s eason ( Sherlock & o • connor 

1 9 73 � Luscombe 1 9 79 ) . 

The average annual effici ency values of the two l ower 

rates of appl ication are comparable to values of 1 2  to 20 

attainabl e  from rel atively smal l , tactical dres sings of 

nitrogen ( Ball 19 70 a ,  b �  Du�ing 1972 ) .  Average 

efficiencies  at the two higher rates are similar to those 
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TABLE 4 - Average total dry herbage increments by grass-clover swards , and 

effic ienc ies of response , for seasons and year 

Autumn-winter 
Yield incremen t {kg DM/ha ) 
Nitrogen applied ( kg N/ha ) 
Efficiency ( kg DM/kg N )  

Winter-spring 
Yield increment ( kg DM/ha ) 
Nitrogen applied (kg N/ha ) 
Efficiency ( kg DM/kg N )  

Spring-summer 
Yield increment ( kg DM/ha ) 
Nitrogen applied (kg N/ha ) 
Efficiency ( kg DM/kg N )  

Year 
Yield increment ( kg DMjha ) 
Nitrogen applied (kg N/ha ) 
Efficiency (kg DM/kg N )  

56 

1 1 3  

16. 8 

6 . 7 

470 

2 2 . 4  

2 1 . 0 

757 

16. 8 

45. 1 

1557 

56 

2 7 . 8 

Nitrogen treatment 

112 

225 

3 3 . 6  

6. 7 

780 

44. 8 

17. 4 

473 

3 3 . 6  

14. 1 

1513 

112 

13 . 5  

2 2 4  

3 8 0  

67 . 2 . 

5 . 7  

953 

89 . 6  

10 . 6  

753 

67 . 2  

1 1 . 2 

2017 

2 2 4  

9 . 0  

448 

605 

134 . 4  

4 . 5  

1747 

179 . 2  

9 . 7  

1247 

1 3 4 . 4  

9 . 3  

3810 

448 

8 . 5  
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reported by Holmes & Wheeler ( 19 7 3 ) ,  following heavy use 

of urea on dairy pastures in this locality.  I n  his 

review of result s  from the United Kingdom , Whitehead 

( 1970 ) concluded that nitrogen responses from grass­

clover associations are generally smaller and much l es s  

rel iable than those from pure gras s swards , givi ng 

efficiency values in the vic inity of 12 . These resul t s  

would concur with that view,  both quanti tatively and in 

terms of the variability encountered in results . 

( d )  Performance of pure grass swards 

The pure grass swards yielded less total herbage 

than the control grass-clover mixture ( Tabl es 3a & 3b ) . 

No signi fi cant di fferences developed in grass or dead 

herbage annual yields , between the pure grass and con trol 

swards over the three year period ( Table 3a ) . Some 

signi ficant differences did emerge on a seasonal basis 

( Table 3b ) . Grass yields were either the s ame as or 

l arger than those from the control swards over the mid 

autumn-mid winter and mid summer-mid autumn periods , when 

clover growth was active . A complementary relationship 

was obs erved over mid winter-mid spring , when whi te 

clover was relatively inac tive . Then , grass yield from 

the cloverless swards was either the same as or l e s s  than 

that f rom gras s-clover control . Viewed col lectively , 

these results appear to indicate a s easonal competitive 

effect of white clover against grasses in the mixed 

swards .  No s ignificant di fference in gras s yiel d s  

between these two treatments was recorded over the peak 

of the growing season , mid spring-mid summer . More dead 

herbage was measured in the pure gras s  swards only over 

the mid autumn-mid winter periods of years I I  and I I I . 

Results from the assoc i ated s tudy, to test for any 

effect s  on yield from the herbic ide used to remove 

clover s , gave no indication of s igni ficant treatment 

effect s  on total annual ·dry herbage yield (weeded = 

8 . 3 1 t DM/ha � sprayed = 8 . 5 5 t DM/ha � result ns ) nor on 

any of the yield components ( ryegras s ,  other grass e s , weed 

species and dead herbage ) .  Seasonal data indic ated a 

small advantage to the sprayed swards initially,  which 
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disappeared as the year progressed . This  could be taken 

to indicate a temporary accel eration in rate of nitrogen 

re1ease following spraying and death of clover tis sues . 

However , the more l ikely expl anation is  tha t pl ant 

damage , cau s ed by hand-weeding , temporarily impaired the 

performance of the weeded swards . 

( e )  Defoliation method X ni trogen treatment 

interactions 

Of the 24 analyses of variance carried out on data 

from the ni trogen treatments common to both grazing and 

cutting ,  s igni ficant treatment interactions were 

indicated in three ( summari es not presented ) :  the grass 

component , whether or not data from the pure grass swards 

were included , and total dry herbage yield only when data 

from the pure grass swards were included : all in year I .  

Over the first year , the annual total yield of grass  was 

higher under grazing in the pure grass and control 

treatments , but higher under cutting wi th N448 . These 

effects were reflected in superior annual total herbage 

yields from the grazed pure grass and control swards ,  but 

a compens atory reduction { not significant ) in clover yield 

from the cu t N448 swards resul ted in there being no 

difference between defol iation treatments in annual total 

herbage yield at this level of nitrogen input . In the 

annual dry herbage yields over the fol lowing two years , no 

treatment interaction was indic ated for ei th er of these 

yield components . Gras s and total herbage yields were 

then invari ably higher under grazing , irrespective of 

nitrogen treatment . Nor was any treatment interaction 

s ignificant in the annual yields of the clover and dead 

herbage components , for any of the three years .  In  view 

of this rel ative absence of s ignif icant treatment 

interac tions among the dry herbage yield components over 

the three-year experimental period , attention is focu s s ed 

on main treatment effects throughout this report . 

Greater error variance was as sociated with 

measurement of the minor yield components ( clover and 

dead herbage � Tabl es 3a & 3b ) ,  than was the case for 

grass or total yields . Thi s is  r efl ected in the h igher 
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CV values tabul ated for the former and , doubtl e s s , 

accounts for the failure of many recorded differences in 

clover and dead herbage yields to attain s tatistic al 

signi ficance . 

2 Plan t  Populations and Sward Struc ture 

Pl an t  populations are reported in Table 5 ,  together 

wi th summaries of anal yses of variance for main treatment 

effects . As with dry herbage , much higher error variance 

was assoc iated wi th measurement of the minor sward 

consti tuents (poa ( Poa spp . ) ,  other grasses and weeds ) 

than with ryegras s and whi te clover . 

As a measure of clover populations , data were 

col lected for both rooted clover nodes and total clover 

growing points ( al l  nodes and terminal buds ) .  As both 

forms of popul ation assessment exhibited essen ti al ly the 

same response to treatments , only th e results for rooted 

clover nodes have been presen ted . 

Sward s tructure is reported in Tabl e 6 .  To pr ovide 

some indication of treatment effec ts on the extent of 

bare ground in particular , the proportion of plugs devoid 

of plants , bearing no gras s tillers or no cl over growi ng 

points , was calculated for all s ampl ings . Presence of 

mos s  was not taken into account in the assessment of bare 

ground . 

( a )  Method of defoliation 

C ompared with grazing , continual cutting resul ted in 

swards with a lower frequency of ryegras s tillers and 

higher frequency of rooted clover nodes , al though the 

latter effect was significant in the autumn of years I I  

and I II onl y .  Grasses other than ryegrass cons tituted 1 2  

to 1 5% of the total grass  tiller popul ations i n  autumn . 

While none of the resul ts attained s tati stical 

s igni fi cance at any sampl ing , the frequency of poa 

tillers was higher in the grazed swards , whi l e  remaining 

grasses  were more abundant in the cut swards . Weed 

species , which consti tuted a very minor part o f  total 

pl ant populations , were mor e  abundant in the cut swards 

in autumn of years I and I I I . 
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TABLE 5 - Plant populations in swards (growing points/dm2 ) ;  adjus ted mean s  
for main treatment effects 

( a )  Autumn measuremen ts in grazed and ru t  swards 

Defol iat ion Nitrogen treatment t CV 

Grazed Cut 0 112 448 Grass (%) 
May 1973 

Ryegrass 7 7 . 0 49 . 6  3 9 . 8  49 . 5  51 . 3  1 12 . 7  
* * *  ns ns . * * *  2 6  

Clover 50 . 4  59 . 0  79 . 7  75. 6 64. 7 trace 
ns ns ns * * *  29 

Poa 9 . 5 8 . 9  5 . 3  9 . 2  3 . 9  1 8 . 4  
ns ns ns * * *  71 

Other grasses 1 . 6  3 . 0  0 . 6  5 . 0  1 . 2  2 . 4  
ns ns ns ns 152 

Weeds 1 . 1  1 . 9  2 . 2  1 . 5  1 . 4  0 . 7  
* ns ns ns 69 

May 1974 
Ryegrass 7 6 . 3 46 . 5  48 . 9  40 . 1  42 . 1  114 . 5  

* *  ns ns * * *  40 
Clover 3 5 . 2  46 . 4  5 5 . 6  60 . 0  46 . 3  1 : 2 

* *  ns ns * * *  24 
Poa 6 . 8 2 . 3  3 . 1  1 . 3  7 . 2  6 . 7 . 

ns ns ns ns 155 
Other grasses 2 . 4  7 . 2 0 . 6  6 . 6  1 . 4  10 . 6  

ns ns ns * *  142 
Weeds 1 . 8  2 . 5  3 . 7 2 . 4  1 . 5  1 . 0  

ns ns * * *  71 

AQril 1975 
Ryegrass 5 6 . 5 3 5 . 9  3 2 . 9  3 8 . 4  44 . 2  69. 1 

* * *  ns ns * * *  2 3  
Clover 2 0 . 5 3 6 . 0  45 . 2  3 8 . 8  2 8 . 7 0 . 4  

* * *  ns * *  * * *  3 3  
Poa 3 . 1  1 . 9  1 . 2  1 . 2  1 . 0  6 . 5 

ns ns ns * * *  105 
Other gras ses 2 . 9  4 . 4  0 . 5  3 . 6  1 . 6 9 . 0  

ns ns ns * *  134 
Weeds 0 . 2  1 . 3  1 . 1  0 . 7  0 . 8  0 . 4  

* *  ns ns ns 141 
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TABLE 5 (Contd ) 

( b )  Spr ing-summer measurement;s . in grazed swards only (also March 1974) 

November 1972 November 1973 

Nitrogen treatmentt CV Nitrogen treatmentt CV 

0 1 1 2  448 Grass (% ) 0 112 448 Grass (%) 
Ryegrass 5 0 . 1 65 . 8  5 7 . 8 101 . 9  61. 8 8 1 . 2  80 . 4  72 . 9  

ns ns * * *  1 5  ns ns ns 14 
Clover 5 8 . 2  49 . 4  34. 1 trace 17. 7 16 . 9  10 . 0  trace 

ns * *  * * *  2 7  ns * * * *  41 
Poa 1 3 . 1 1 1 . 8  10 . 5  2 0 . 3  28. 4 19 . 5  10 . 1  32 . 9  

ns ns ns 55 ns ns ns 56 
Other grasses 2 . 3  0 . 3  trace 1 . 5 trace 0 . 3  0 . 3 1 . 8  

ns ns ns 127 ns ns ns 1 88 
Weeds 1 . 1  0 . 6  0 . 3  0 . 4  1 . 1  0 . 3  0 . 6  0 . 7  

ns ns ns 86 ns ns ns 8 7  

December 1974 ( March 1 9 7 4 )  

Nitrogen treatment t CV Nitrogen treatmentt CV 

0 112 448 Grass (%) 0 112 448 Grass (%) 
Ryegrass 70 . 4  90 . 0  80 . 7  9 7 . 4  13 . 5  23 . 4  4 . 2 81 . 1  

ns ns ns 17 ns ns * 68 
Clover 3 1 . 5 20 . 2  1 2 . 5  2 . 6  1 6 . 8  23 . 7  16. 0 1 . 0  

* * *  * * *  3 9  ns ns * *  3 3  
Poa 1 3 . 2  13 . 6  1 7 . 0  2 5 . 7 0 . 8  o .  8 .  0 . 1  2 . 6  

ns ns ns 49 ns ns * *  63 
Other grasses 3 . 9  1 . 3  0 . 8  3 . 8  0 . 2  2 . 5  2 . 4  3 . 2  

ns ns ns 162 ns ns ns 110 
Weeds 1. 5 . 0 . 7  0 . 4  trace 1 . 2  0 . 7  0 . 9  trace 

ns * *  * *  7 2  ·ns ns * *  64 

t See footnote to Table 3 .  
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TABLE 6 - St ructure of swards : ad jus ted means for main treatmen t effects 

( a )  Autumn measurement s in grazed and cut swards 

Defol iation Nitrogen treatmentt CV 

Grazed Cut 0 112 448 Grass (%) 
May 1973 
Without grass (%) 2 4 . 3  20 . 6  3 2 . 8  2 5 . 8 2 9 . 1  1 . 9  

ns ns ns * * *  40 
Without clover (% ) 2 6 . 8 20 . 4  nil 1 . 4  4 . 3 . 89 . 9  

ns ns ns * * *  7 6  
B are (% ) 0 . 6  1 . 1  nil nil 0 . 5 3 . 1  

ns ns ns * *  195 

May 1974 
Without grass (%) 2 1 . 7 2 7 . 1  2 3 . 6 34. 2 3 6 . 5 3 . 2  

ns * * * *  42 
without clover (%) 45 . 2  3 3 . 3  2 1 . 2 10. 8 2 7 . 5  9 7 . 3  

* *  * ns * * *  2 3  
B are (%) 4 . 6 3 . 8  3 . 4  3 . 5  4 . 6  5 . 3 

ns ns ns ns 105 

AQri l  1975 
Without grass (%) 2 7 . 5  3 1 . 8 38 . 4  34. 2 41 . 0  5 . 0  

ns ns ns * * *  3 1  
Without clover (% ) 5 2 . 4  3 3 . 8 . 18 . 3  19 . 0  36. 9 98 . 2  

* * *  ns * * *  * * *  21 
B are (%) 6 . 6 2 . 9  3 . 2  3. 6 8 . 9  3 . 2  

* ns * ns 94 
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TABLE 6 (Contd ) 

( b )  Spring-summer measuremen ts in grazed swards only (also March 1974) 

November 19 7 2  November 1973 

Nitrogen treatment t CV Nitrogen treatment t CV 

0 112 448 Grass (%) 0 112 448 Grass (%) 
Without grass 

(%) 1 9 . 5 18. 1 2 3 . 3 14 . 1  2 1 . 5 20 . 1  2 6 . 3 5 . 1  
ns ns ns 49 ns ns * 38 

Without clover 
(%) 5 . 9  9 . 7 9 . 8  all 16. 5 19 . 8  4 3 . 2 all 

ns ns * * *  10 ns * *  * * *  2 1  
Bare (%) 2 . 0  2 . 5  2 . 7  10 . 9  2 . 2  5 . 0  8 . 0  2 . 9  

ns ns * *  72 ns ns ns 7 6  

December 1974 ( March 1974 ) 

Nitrogen treatment t CV Nitrogen treatrnentt CV 

0 112 448 Grass (%) 0 112 448 Grass (%) 
Without grass 

(% ) 14 . 3  2 3 . 8  34 . 6  nil 68. 8 71 . 6  81 . 9  15 . 2  
ns * ns 56 ns ns * * *  12 

Without clover . 
(% ) 2 3 . 7 3 3 . 9  58 . 2  all 35. 5 40 . �  5 1 . 5 all 

ns * *  * * *  20 ns ns * * *  1 6  
Bare (%) 0 . 9  4 . 4 13 . 9  0 . 5  29. 8 2 6 . 7 40 . 2  15. 8 

ns * *  ns . 92 ns ns * 29 

t S ee footnote to Table 3 .  
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Bar e  ground was greater in the grazed swards in the 

final year , but no difference was apparent between 

defol iation treatments in either preceding autumn ( Table 

6 ) . Compared with grazing , cutting resul ted in a higher 

proportion of the area supporting rooted clover nodes in 

year s I I  and I I I . The abs ence of treatment differences 

at all three autumn sampl ings , in the propor tion of plugs 

devoid of grass tillers , indicated a simil ar pattern for 

di sper sal of gras ses throughout the grazed and cu t swards .  

( b )  Fertiliser nitrogen treatments 

Averaged over both defol iation methods , treatments 

Nl l 2  and N448 had onl y a minor influence on autumn plant 

popul ations . No cons i s tent effect was recorded on the 

frequency of ryegras s , poa or other grass tillers . The 

heaviest rate of ni trogen appli cation lowered the 

occurrence of rooted clover nodes , relative to control , in 

the final autumn . Weed frequency was lower in the N448 

swards in autumn of year I I . 

Treatment effects recorded at the height of the 

growing season , when only the grazed pas tures were sampled , 

were similar to those in autumn ( Tabl es Sb and 6b ) .  No 

consis tent effect of  ni trogen fertil i s er was recorded on 

tiller frequenc ies of ryegras s ,  poa or other grasses . 

The sward of treatment N448 exhibited a lower frequency of 

rooted clover nodes at all three s amplings , as did that of 

Nll2 in year I I I . The frequency of weeds decl ined in 

as sociation wi th ni trogen use at the heaviest rate , 1n the 

final year . 

Us e of the heaviest rate of nitrogen increased the 

extent of bare ground , but only in the final year ( both 

spring and autumn s ampl ings ) .  A higher proportion of 

area supporting no grass  plants was associated with the 

N448 treatment , relative to NO , at the autumn s ampl ing of 

year II and spring s ampling of year I I I . The proportion 

of area devoid of clover growing points was higher in the 

N448 swards at the spring s ampling of year I I ,  and at both 

s ampl ings in year I I I . Relative to control , no 

consistent treatment effects were exhibited by the Nl l2  

swards , whether in terms of bare ground or the proportion 
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of area devoid of grass or clover growing points . No 

expl anation is  offered for the signi ficant increas e ,  

relative t o  NO , in the proportion of area supporting 

clover growing points in the Nll2 swards ,  at the autumn 

s ampling of year I I . 

( c )  Pure grass swards 

The frequency of ryegras s , poa and other grass  

til l ers was generally higher in the gras s swards than in 

the gras s-clover control , but differences did not always 

attain s tati s tical s igni ficanc e .  The occurrence of 

clovers and weeds was s eldom more than one or two perc ent 

of that in control swards .  

Compared wi th the gras s-clover control , in autumn 

the pure grass swards exhibi ted a higher proportion of 

area bearing grass till ers . However ,  in spring thi s 

difference was apparent only in year I I .  The greater 

proportion of bare ground recorded in the fir s t  year was 

no l onger apparent in the second and third years , as 

gras ses spread to fill spaces caused by the removal of 

clovers from these swards .  

( d )  Sward character is tic s at March 1974 

Resul ts from measurements made in the grazed swards , 

during March 1974 , are included in Tabl es 5 and 6 .  

S ampl ing took place as swards were recovering from a 

pronounced drought ( Table 1 ) ,  and followed supplemental 

irrigation with a nominal 51 mm water in both early 

February and March . The extremely low plant populations 

recorded , particularly for grasses ( Table Sb ) ,  and the 

subs tantial extent of bare ground ( Table 6b ) were 

cons idered to vindicate the decis ion to undersow all 

swards that autumn . 

A visual comparison of the contrast between grazed 

and cut swards under the drought conditions of summer 

1 9 7 4  can be gained from Fig . 3 . , The repeatedly cut , 

small plot is  clearly vi sible within the grazed sward in 

the upper photograph . Below are depicted areas within 

both grazed and cut control swards . S elective 

graz ing had greatly reduced the clover popul ation , 

impairing clover performance under the dry conditions . 
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FIGURE 3 - Compar ison of grazed and cut swards under 

drought cond i tions ; mid summer 1974 

Cut sward s tands out in gr azed pasture 

Grazed sward Cut sward 
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Average annual total herbage yields from previous , 

rel evant studies at Palmerston North ( Sears 1 9 5 3 a �  Sears 

et al . 19 65a ) are pres ented , with the contributions by 

clovers to total yield , in Tabl e 7 .  Averages have been 

extracted for appropriate gras s-clover treatments from the 

two exper iments . In the first ( Sears 1953a ) ,  respons es 

by swards to return of dung and urine were measured under 

both graz ing and mowing , over a period of four years . I n  

the second ( S ears e t  al . 1965a ) , all treatments were 

measured under mowing for 6 years . Recycl ing of 

nutr i en ts by animal s was simul ated by returning 80% of 

the cut herbage to appropr iate plots , after it had been 

dried and ground , in the latter experiment . 

The benef i t  of nutrient returns i s  obvious , l i fting 

total yield by 2 2% on average over both s tudies . 

Attention has already been drawn to the very high clover 

content of these swards ,  a consequence of the poor soil 

ni trogen status at the two sites . Return of nutrients , 

whether as dung and urine or ground herbage , reduced the 

contr ibution of clovers to total yield . In the first 

experiment , mean total dry herbage yield was considerably 

higher under mowing than grazing . As discus sed by the 

author ( Sears 1 9 5 3 a ) ,  that result refl ected , in part , a 

failure to measure pas ture growth dur ing periodic mob 

graz ings , and poss ibly included an effect from selective 

grazing of early regrowth in the s trips mown for pas ture 

measurements in the grazed plots . No di fference is 

apparent between grazing and mowing in the mean 

contribution by clovers to total yield , in that experiment .  

Annual total herbage yields recorded from grass­

clover pastures in the present s tudy r anged from 13 . 6  to 

2 1 . 2  t DM/ha ( Table 3a ) and are cons idered satis factor y in 

rel ation to other publ ished yields from thi s local ity . 

Lower annual yields in year I I  reflect the very dry 

conditions over the latter half of that year ( Table 1 ) . 

Yearly average total dry herbage yield of the control 

swards was 1 5 . 6  t/ha,  to which the average contribution by 

clovers was 3 5% over the course of the s tudy . Such a 
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TABLE 7 - Average annual dry herbage yields and clover contents of grazed and 
mown swards , with and without animal returns, in previous studies at 

Pa lmerston North 

No return Full return Mean 

Yield Clover Yield Clover Yield Clover 
( t  DM/ha ) (%) (t  DM/ha ) (%) ( t  DM/ha ) (%) 

Grazed + 9 . 5 5 8  1 1 . 2 43 10 . 4  51 
Mown + 1 2 . 1  6 5  1 5 . 3  38 1 3 . 7 52 
Mown :\: 1 1 . 5 5 9  13 . 6  47 12 . 5  53 
Mean 1 1 . 0  6 1  1 3 . 4  43 

t Average of four years ' data , from Sears 1953a. 
':\: Average of six years ' dat a , from Sears et al . 196 5 .  
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grass-clover bal ance i s  cons idered characteris tic of 

pastures at an intermedi ate stage of development in thi s  

environment ( S ears 1960 � Ball 1 9 76 ) . On average over 

the experimental period , clovers contributed 2 1% of total 

herbage yield from the grazed swards ( Table 2 )  and 2 7% 

from the cut swards ( 2 5  and 31% ,  respectivel y ,  if  data 

from the Grass  treatment is omi tted ) .  

l Method of Defol iation 

Over recent years there has been increasing us e by 

s taff within Grasslands Division of electric shearing 

handpieces , powered by portabl e generators ,  to harves t  

pas ture sampl es . Thi s  method of mechanical defol iation 

is cons idered to al low the operator to s imul ate sheep 

grazing more closely than was pos s ible wi th previous 

methods . I t  facil itates the harves ting of low-growing 

species , including whi te clover , from among the more 

tufted grass pl ants and al lows minor irregul ar itie s in 

soil surface contour to be fol lowed more closely than i s  

pos sible wi th a reel or sickle bar mower , or scythe . 

However ,  the method is also sub j ec t  to operator error or 

bias . 

Frame & Hunt ( 19 7 1 ) have di s cus sed problems associ ated 

with achieving equival ence between cutting and grazi ng 

treatments .  Agreement between cutting and graz ing 

sys tems was better at their more intense level s of 

pasture uti l i s ation .  Fairly compl e te utilis ation was the 

aim for al l defol iations in the pre s ent s tudy .  During 

the early s tages of thi s  experiment , herbage measu remen ts 

to ground level were carried out on stubbles immedi ately 

after defol iation . The resul ts confirmed that 

quantitatively s imilar s tubbl e yields remained after both 

grazing and cutting in the control , Nll2  and N448 swards . 

More compl e te harves ting of clovers , including s tolon 

tis sue , may account for the failure to reproduce so 

dramatic a contrast in clover yields as that previously 

reported by Watkin ( 19 54 ,  1962 ) ,  when comparing grazed 

and gangmown pas tures . Otherwis e ,  the resulfs are in 

reasonable accord with thos e  reported by other wo rker s . 

No explanation i s  offered for the l ack of  agreement 
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between thes e  and Sears 1 ( 19 5 3 a } results recorded in the 

same local i ty ( Table 7 ) . Us e of a reel mower in that 

s tudy would have been expected to inflate clover content 

in their mown swards rather more than use of a shearing 

handpiece . A further point of divergence from results 

of previous s tudies ( Sears 1953c � Watkin 1962 ) is  that 

these results ( Table 5 )  fail to support a previous 

conclus ion that grazing animal s are needed on pa s ture to 

restrict invas ion of poa species . 

The des ign of thi s  experiment does not all ow for the 

total yield superiority of the grazed swards to be 

attributed to any speci f i c  aspect of animal grazing .  The 

gr azing treatment embodied an interpl ay among the many 

influences , both benefici al and detrimental , which might 

be exerted on pastures by periodic mob grazings wi th 

sheep . By contras t ,  the cutting treatment r epresented a 

much s impler system , with herbage harves ted to s imul ate 

sheep grazing and compl etely removed from the soil-plant 

complex.  Walker ( 195 6a ) has l ikened the effect of 

graz ing a grass-clover pasture to the use of fer tiliser 

nitrogen on such pastur e s , either leading to an increased 

yield of grasses and lower production from clovers . Thi s  

partial suppression o f  clovers h e  considered may b e  due 

mainly to the stimul ation of grasses by excreted nitrogen . 

On average , the amount of nitrogen recycl ed by 

animal s in the grazed swards during each year of thi s  

s tudy was cons iderably greater than that appl ied i n  the 

N448 treatment ( 5 2 5  to 710 kg N/ha � Sections I I I  & IV ) .  

Doubtless , this  played some part in producing higher 

yields from the grazed swards . However , the total dry 

herbage yield advantage to grazing ( 1 3% �  Table 2 )  was 

minor in relation to that attributable to N448 ( 2 5% ;  

Table 3 a ) , over the first year o f  the expe riment . This  

first-year superior i ty of  grazing over cutting was almost 

identical to  the result reported by Frame & Hunt ( 1 9 71 ) , 

working with perennial ryegrass dominant swards in 

S cotland . The total herbage yield superiority of the 

grazing treatment became mor e  pronounced a s  thi s  

expe�iment progressed , reaching 24% i n  the final year 
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( Tabl e  2 ) .  To the contrary,  the total herbage yield 

advantage attributable to treatment N448 was a consis tent 

20 to 2 5% of the yield at NO , in each of the three year s 

( Table 3 a ) . 

To fac il itate compari son between the effects of 

defoliation treatments and effects from the heaviest rate 

of  f erti l i ser nitrogen input , rel evant data for the 

principal components  of dry herbage yield ( Tabl es 2 & 3 )  

and sward characteristics  in autumn ( Tabl es 5 & 6 )  have 

been assembl ed in Fig . 4 .  These have been expressed as 

ratios ( grazed : cut and N448 : NO ) , with equival ence and 

s igni ficant treatment differences indi cated . 

Both graz ing relative to cutting and N448 relative to 

NO reduced the annual yield of  clover , the frequency of 

clover growing points and the proportion of  area supporting 

rooted cl over nodes , in the f inal year . There was 

divergence in the two preceding years : ferti l i ser 

ni trogen reduced clover yield in year I ,  while graz ing did 

not ; and grazing reduced the frequency of cl over growing 

points and the proportion of area supporting rooted clover 

nodes in year I I , whi l e  nitrogen did not . The extent of 

bare ground was increased by both the graz ing and ni trogen 

treatments , in the f inal year . 

Performance of the gra s s  component of  the swards 

provides a ma jor contr ast between these two treatment 

compar i s ons ( Fig . 4 ) . Graz ing rel ative to cutting 

increased the annual herbage yield of the gras s component , 

thi s  effect becoming more pronounced as the experiment 

proceeded . However ,  N448 relative to control had a much 

more dramatic effect on annual herbage yield of  gras ses , a 

continuing feature of  resul t s  over the thr ee years . The 

rel ative advantage attributable to N448 was six- fold that 

attributable to grazing in year I .  An oppos ing contrast 

is apparent in the tiller frequency data for ryegrass . 

Relative to cutting , graz ing resulted in much higher 

tiller frequencies  in all three years . Thi s  difference 

was marked at the firs t autumn s ampl ing ,  and remained 

unchanged in subsequent s ampl ings . Rel ative to control , 

N448 had no cons i s tent effect on the frequency of 
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FIGURE 4 - Annual mean clover and grass DM yields and 

sward characteris tics recorded in autumn , expres sed as 

the ratios Grazed : Cut and N448 : NO ,  throughout the 

experiment ( s ignificant treatment differences 

indicated ; . broken l ines indicate equival ence ) 
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ryegrass tillers , but it did increase the proportion of 

area bearing no grass tillers in year I I . Considered 

together , these results show a marked increas e in dry 

weight per ryegrass tiller in response to fertili ser 

ni trogen;  an effect not apparent from grazing . Results 

for poa and other grass species • popul ations have not 

been incorporated into Fig . 4 ,  as no significant 

treatment effects were indic ated ( Tabl e 5 ) .  

To some extent , particularly in the performance of 

cl over , compari son of these treatment differences supports 

the contention (Walker l956a ) that the effect of graz ing 

can be viewed as a s tr aightforward response to ni trogen . 

However , differences between the graz ing and nitrogen 

tr eatments in their relative effects on important 

charac teris tics of the grass component in the swards , 

coupled wi th differences in the pattern of effects on 

total herbage yield , are taken to indic ate that sheep­

grazing exerted some addi tional influence on sward 

performance ,  which was qui te separate from that associ ated 

wi th the recycl ing of nitrogen . I t  is concluded that 

selective defol iation of clovers contributed to the 

decl ining clover yield from the grazed swards . Drier 

s ummer-autumn conditions in the lat ter two years may have 

accentuated this effect ( Brougham & Jackman 1 9 74 ) . The 

role of animal s as selective defol iators may have been 

underemphasised in the past ( Brougham et al . 1 9 78 ) . 

Viewed as a whole ,  the results show a pattern of 

progre s s ive development in di fferences between defol iation 

treatments over the s tudy period ( Table 2 & Fig . 4 } . The 

superiority in total dry herbage yield attributabl e to 

grazing in the first  year was minor , but became more 

pronounced in s ubsequent years . While very s imil ar in 

the first year , l ower clover yields and a reduced clover 

content became a feature of grazed swards as the 

experiment progres sed . A slow opening up of the grazed 

swards was indi cated by a small increase in bare ground 

in the final year . 

Dead herbage yields from grazed swards were double 

those from cut swards . This  effect was fairly 
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con s i s tent throughout the s tudy , the average difference 

being 700 kg DM/ha each year ( Tabl e  2 ) .  The author doe s  

not pl ace too great an emphas is on thi s  resul t .  With 

cutting , measurements were made repeatedly at the s ame 

s ites , whereas with grazing c age exclosures were randomly 

relocated on fresh s i tes before each measuremen t .  Any 

consistent refus al of dead herbage by the sheep would 

have infl ated dead herbage yields measured from the 

l atter treatment . 

Resul ts obtained under these experimental conditions 

would indicate that the technique of mechanical 

defol iation described in this  paper could yield 

information appl icable to pas tures periodically mob­

s tocked with sheep , for measurement periods of up to a 

year , without marked error s . However , the ma jor 

differences that devel oped between defoliation treatments 

in the first year became apparent over the main period of  

clover growth and water s tres s , mid spring-summer-mid 

autumn ( Table 2 ) .  Had the s tudy been initiated in mid 

spring , effects recorded over the fir s t  full year may 

have been equally apparent by autumn . Brockrnan et  al . 

( 1 9 70 ) , using a r ather different cutting technique , 

concluded that while cutting management may be used for 

short- term experiments , i t s  use in long- term experiment s 

gives different results from grazing . These results 

concur wi th their view.  

2 .  Fertiliser Nitrogen Responses 

I n  the three s e asons when swards were receiving 

fertiliser nitrogen , and in the annual total s ,  a 

clas s i cal response to nitrogen was exhibited ( Fig . 2 & 

Table 3 ) :  total dry herbage yield increased ; the 

response came from the grass ( non-legume ) component of 

the sward ; and clover yields were depressed ( Walker 

1 9 56b ;  Donald 1 9 6 3 ; C rofts 1 96 5 ;  Whi t ehead 1970 ; 

Richards 1976 ; B all & Field , in press ) .  There was an 
indication of greater dead herbage accumulation at the 

heavier rates of nitrogen input ,  but thi s  effect was 

minor . 
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A number of  re searchers (Watkin 1 9 54 �  Walke r 1 9 5 6 a �  

Linehan & Lowe 1 9 60 � Richards 1 9 7 6 ) have reported that 

use of l ight dres s ings of nitrogen on mixed swards , while 

increasing gras s yi eld , have resul ted in a compensatory 

reduc tion in clover yield such that there is little 

change in total herbage production , unless heavier rates 

of nitrogen are used . In the present study , some 

reduc tion in cl over yields did occur as the rate of 

ni trogen input increased , but this  depress ion in clover 

yield did not fully offs et the assoc i ated gains in gras s 

produc tion ( Fig . 2 & Tabl e 3 ) . I f  anything , these 

results indicate a decl ining effic iency of re spons e at 

the higher rates of ni trogen tes ted ( Table 4 ) , although 

the form of the averaged respons es ( Fig . 2 )  indic ates that 

the rates of nitrogen tes ted did not cover the ful l range 

of the respons e curve . Further gains in grass and total 

herbage production , both annually and during rel evant 

seasonal periods , might have been expected to an annual 

input of nitrogen in excess of 448 kg N/ha . 

The effects of season and weather on fertil i s er 

nitrogen responses by grass-clover pastures have been 

cons idered in detail el sewhere ( Ball & Field , ·  in press ) .  

Fol lowing clas s i c al studies into the responsivenes s  of 

mixed pastures to appl ied nitrogen , Bl ackrnan ( 19 3 6 ) 

reported that grasses did not grow below a soil 

temperature ( 0 . 1  m depth , 0900 h} of 5 . 6°C �  that between 

5 . 6  and 8 . 3°C growth was l imi ted by the rate at which 

soil micro-organi sms mobil ised soil ni trogen , and 

respons es could therefore be expected � and that above 

8 . 3°C the rate of r elease of mineral nitrogen from soil 

organic matter was sufficiently rapid to �egat� fertil iser 

ni trogen respons es . I n  the absence of relevant 

information , Bl ackrnan 1 s  results have been appl ied to New 

Zeal and condit i ons ( Ball 1 9 70a ) . 

Climatic conditions at this site were not 

sufficiently extreme to preclude pas ture growth over 

winter through cold temperatures . Mean soil temperatures 

over mid autumn-mid winter spanned a l ow of 7 . 8°C in year 

I to a high of 9 . 2°C in year I l l  ( Tabl e  1 ) .  Responses 
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were recorded under these cool , moi s t  conditions ( Fig . 2 

& Table 3b ) but the response efficiencies were low 

compared with those recorded later in the season 

( Table 4 ) .  There was no cl ear indication that 

dif ferences encountered between years in cl imatic condi t ions 

over mid autumn-mid winter affec ted the form of ni trogen 

responses recorded then ( Table 3b ) . Vi ews developed 

subs equentl y on responses to autumn- applied nitrogen 

( B all & Field , in press ) would indi cate that l arger 

respons es would have occurred had the 20% spl i t  dre s s ing 

been appl ied closer to the reins tatement of a positive 

soil moisture bal ance in autumn . In  years I and II it 

was cons iderably del ayed because of an as soc iated soil 

sampling progr amme ,  and in the third autumn , becaus e of 

under-dr ill ing . 

Responses were most clear- cut over the mid winter-mid 

spr ing period ( Fig . 2 ) .  With few exceptions , ni trogen­

treated pas tures exhibited significan t  total dry herbage 

yield superiorities over control , irre specti ve of rate 

( Table 3b ) .  Whi l e  it may be concluded from the known 

temperature and mois ture optima for soil nitrogen 

mineral isation ( Harms en & Kol enbrander 1965 ) that nitrogen 

mobil is ation would have been increas ing as the season 

progressed ( Table 1 ) , it is al so apparent th at the rate 

was insufficient to meet the nitrogen demand for 

potential growth by these swards . These resul ts confirm 

the view that ni trogen r esponses by ryegrass-white c lover 

pas tures are generally l arge and rel iable over the l ate 

winter and early spring , in this environment ( During 1 9 7 2 ; 

Bal l 19 7 3 ; Ball & Field , in press ) .  

The fi rst year was a little colder and the fina l year 

a l i ttle warmer than the average for the s tudy period 

( Tabl e 1 ) . Colder temperatures in year I were 

particul arly obvious in the autumn-winter and wi nter- spring 

periods , with mean screen , grass minimum and 0 . 1  m soil 
0 temperatures al l 1 to 2 C lower than those for 

corresponding periods in the other two full years . Wh i l e  

allowing for small differences between years i n  the l eng th 

of 1 seasons ' ( Tabl e 1 ) ,  this contra s t  in temperatures 
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between years appears to have been r efle cted in the total 

yields measured over mid winter-mid spring ( Table 3b ) .  

Total yields during years I I  and I I I  were cons iderably 

higher than thos e  recorded during the winter- spring peri od 

of year I ,  with yields in the final year a littl e  l arger 

than those in year I I . Total yield response to the 

heaviest rate of nitrogen ( 1 . 5 t DM/ha ) was small er under 

the colder winter-spr ing conditions of year I than were 

those recorded in the following two years ( 2 . 3 and 1 . 9  t 

DM/ha respectively) . However , respons es in all three 

years reflected a similar proportional increas e of 30 to 

4�/o over the control yield for the winter-spr ing period . 

Es timated water deficits occurred in spring-summer of  

all three year s , and were reflected in the reduced 

gravimetric soil moi s ture level s  r ecorded ( Table 1 ) .  

Against this  background of progressive drying of the soil 

and rising temperatures ,  nitrogen responses were recorded 

( Fig . 2 & Table 3b ) . Obviousl y ,  these occurred at very 

much higher soil temperatures than the upper l imit 

sugges ted by B l ackman ( 19 3 6 ) .  Mid spring-mid summer soil 

temperature averaged 1 7 . 3°C ( Table 1 ) .  In reviewing 

res earch resul t s  from the United Kingdom , Whitehead ( 19 70 ) 

has suggested that Blackman 1 s  finding was unusual , and may 

have been influenced by a very high soil organic nit rogen 

content and rel atively short regrowth periods . Ball & 

Field ( in pres s ) have al so considered an interaction 

between soil mois ture and mineral nitrogen availability,  

whereby soil nitrogen becomes progressively unavailable 

to pasture plant s  as the surface soil dri es out ,  general l y  

over late spr ing-early summer in this  distric t .  

Providing that fertil iser nitrogen is  applied while there 

is s till sufficient moi s ture to ensure its incorporati on 

into the sur face s oil , this practi ce c an del ay the 

retardation of grass growth associated wi th the ons et of 

dry condit ions ( Mi tchell 195 7 ) . Such an interaction is 

embodi ed in resul t s  from this  s tudy , with responses mos t  

clearly apparent in the grass component o f  th e  swards . 

In this local ity moi s ture s tres s generally res tric ts 

pasture g�owth , often qui te severel y ,  over mid summer-mid 

autumn ( Brougham 1969 } . Notwithstanding the 

I 
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s upplementary irrigation practised , such was clearl y the 

c ase dur ing this s tudy . Swards o f  one treatment ( N45 X 

1 0 ) received split applications of  nitrogen over th i s  

period . No total yield superior i ty over control 

resulted at that time , in any of  the three years , al though 

s ome changes in botanical compos it ion were recorded 

( Table 3b ) .  This result confirms the conclusion reached 

earlier from smal l plot s tudies ( B all 19 70a , b ,  1 9 7 3 ; 

Ball & Field 1 9 78 ) that there i s  l ittl e to be gained from 

ni trogen use on mixed pas tures , under s easonal ly dry 

condit ions in thi s local i ty . 

When the s easonal data were averaged ( Fig . 2 ) ,  a 

general pattern to residual r esponses by the ni trogen­

treated swards was apparent over the dry mid summer-mid 

autumn period . As the annual rate of ni trogen input 

increased , gras s yields increas ed and clover yields 

exhibited a complementary decreas e ,  such tha t total dry 

herbage yield s were unaffec ted by fertili ser ni trogen 

rate . Results from individual seasons ( Table 3b ) 

confirmed th at total herbage yield was relatively 

insensitive to annual fertiliser ni trogen rate , over thi s 

period . 

That no residual effec t ,  relative to control , was 

r ecorded in total dry herbage yield from the ni trogen­

treated swards over this  dry period diverges from some 

previously publ i shed views . Following s tudi es in the 

United Kingdom and New Zeal and , Walker ( l 956b ) c autioned 

against the r isk of reduc tions in total yield following 

moderate applications of nitrogen to mixed pastures . 

His  explanation was that as a resu l t  of an initial 

nitrogen response by gras ses in spring ,  assoc iated clov er 

suppression would be expres s ed in r educed clover and total 

herbage yiel d s  over the following s umme r .  The extent of 

clover suppress ion , he pointed out , would depend on 

species mixtures , defoliation management ,  and nutrien t and 

moi s ture supply .  However , the experimental condit ions 

under which Walker and coworkers ( Walker et al . 1 9 5 3 ) 

measured such a result in Canterbury were extreme . I n  

the relevant ' hay s tage ' treatment , swards were spell ed 

for 7 1  and 1 0 3  days over spring- summer , under ideal 
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conditions for pas ture growth . S uch long spell s would 

be expected to accentuate any clover suppression caused 

by an initi al response to nitrogen . Clovers constituted 

almost 4�/o of measured yield from control swards , 

While fall ing to 3 2% in their ni trogen-treated swards . 

clover contents were similar in the pres ent s tudy ,  

defol iation intervals were very much shorter over the 

main growing season . Watkin ( 1 9 5 4 } s tudied nitrogen 

responses in mixed swards , defol iated frequently to 

approximate sheep graz ing . He found that pas tures 

r eceiving a relatively small input of nitrogen (£ 50 kg N/ 

ha/an ) showed a total yield response in spring and autumn , 

but assoc iated clover suppress ion was pronounced relative 

to control swards with their s trong clover growth over 

summer . I n  the second year of that s tudy , when moi ster 

summer conditions were encountered , thi s  ' slumping ' in 

clover performance over summer was so pronounced that i t  

caused a net t  reduction i n  total herbage production for the 

year to be associated with ni trogen use at the lowe s t  rate 

under tes t .  Subsequent research (Wolton 19 5 5 )  indicated 

that potass ium deficiency may have subs tantially 

influenced r esults obtained at that site . Richards 

( 19 7 6 ) put forward the view that fertil iser could be 

combined wi th clover , as mixed sources of nitrogen for 

pasture growth , more success fully on soils of high 

potass ium s tatus . I n  the present s tudy ,  bas al fertil i s ers  

were appl i ed at rates which were considered adequate to 

preclude deficiency of any nutrient other than nitrogen , 

and this may account for the ab sence of any relative 

failure by the nitrogen-treated swards over mid summer -mid 

autumn . 

Sward failure following ammonium sulphate use , in 

the early s tudies at Marton ( Hudson & McPherson 1 9 3 3 ;  

Hudson 1 9 34 ) , can clearly be attributed to potassium 

deficiency .  Plots were cut ,  and cl ippings di scarded , for 

up to three years . Soil at the s i te is now recognised 

as one of the most potass ium deficient in the country 

( Marton s i l t  loam� Metson 1 9 68 ) . Following a subsequent 

f ield experiment in that area , Dur ing ( 19 72 ) r eported a 
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marked potas s ium respons e by white clover in sheep-grazed 

pas tures . In deference to Hudson and coworkers , it i s  

pointed out that they were researching i n  a ' pioneer ' 

s i tuation . A basal dressing of potass ium was appl ied to 

their swards ,  but the wr iter estimates it to have been 

meagre in view of the defol iation management adopted . 

Wi th hindsigh t , it may be vi ewed as a most unfortunate 

combination of site and experimental technique . 

Unfortunate , because the resul ts l ed Hudson ( 1934 } to 

conclude : ' These trials indic ate that sulphate of 

ammonia cannot be used regul arl y and intensively without 

undes irabl e consequences ' .  I n  the wr iter ' s view,  that 

set of experiments caused an almo s t  complete dis interest 

in fertil i s er nitrogen research on New Zealand pastures , 

over the ensuing 2 5  or 30 years . They are also cons idered 

the bas is for almost automatic association of the terms 

' ni trogen fertili ser ' ,  ' clover suppress ion ' and ' slumping 

in pasture yield ' in much of our gras sland literature 

sinc e .  

Contrary t o  the obs ervation of  Watkin { 1 9 54 ) , Lynch 

( 1 9 5 3 ) reported from New Zeal and r esearch exper ience that 

a slump in pas ture production over summer , following 

spr ing respons es  to small ni trogen dress ings , was l ikely 

to be more s evere in dry than moi s t  summers .  To the 

extent that the influences of fertiliser nitrogen 

treatments on annual and seasonal clover yields ( Tables 3 a  

& 3b ) was more pronounced in the f irst and l ast year s ,  

which were wet ter than the intermediate year ( Tabl e  1 ) , 

these resul ts are more in sympathy wi th the view 

expres sed by Watkin ( 1 954 ) . 

3 Pure Grass Swards 

The superiority of the gras s-clover control swards 

over the pure grass swards illustrates the well ­

documented advantage to b e  gained from inclus ion of an 

ac tive legume component 1n pasture s , both in terms of 

total yield ( Sears l 9 5 3 c ;  Sears et al . l965a ; Harris & 

Thomas 1 9 7 3 ) and seasonal spr ead o f  yield ( Sears 1 96 2 ;  

Brougham & Jackman 1 9 74 ;  Brougham et al . 1978 ) .  Under 
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the condi tions of this  experiment , however , no advantage 

to the non-legume component of thes e  swards was apparent 

as a cons equence of the presence of clover . No 

s igni ficant differences developed in annual yields of 

gras s or dead herbage , between the pure gras s and control 

gras s -clover treatments . 

That the s i te was relatively fertile is indi cated by 

the annual dry herbage yield s of these clover-free swards , 

in the vic inity of 1 0  t/ha . Previous s tudi es in New 

Zealand ( Sears l 9 5 3 a ;  Sears et al . l 9 6 5 a )  have been 

conduc ted on much l e s s  fertile sites , with clover- free 

swards exhibiting about one- fifth the total herbage yields 

recorded here.  As reasonable steps were taken in all 

these experiments to preclude nutri en t  deficiencies other 

than ni trogen , the be tter performance of the pure grass  

swards in the present study must largel y refl ect a higher 

soil nitrogen s tatus . While the s i tuation could not have 

persis ted indefinitel y ,  it is  surpris ing that no serious 

decl ine in annual non-l egume yields was apparent over the 

three-year period . In the absence of any legume , these 

swards would have been almost enti rely dependent on 

mobilisation of soil nitrogen to sus tain their ni trogen 

requirements ( Walker l956a ; Allison 1 9 6 5 ; S ears et al . 

l965a ) . 

E CONCLUSIONS 

l .  Under the conditions of this  experiment ,  grazed 

swards outyielded cut swards ;  gras s yields and ryegrass 

popul ations were higher under grazing , while continual 

cutting eventuall y  r esul ted in more clovery swards with 

greater popul ations of  clover growing points . 

2 .  Changes in sward performance and sward 

charac teristics were gradual . Us ing the technique 

described , it would appear that resul ts from s tud i es 

involving repeated cutting of swards for up to a year c an 

be applied to pas ture s  periodically mob- s tocked by sheep , 

without marked error s . The divergence in sward 

performance between cutting and grazing i s  likely to be 
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substantial thereafter . 

3 .  Under the conditions of this  experiment ,  

availabil ity o f  nitrogen from all sources i n  the grass­

clover control swards was clearly not sufficient to meet 

requirements for potential growth . Responses to 

fertil i s er nitrogen were recorded in growth over mid 

autumn-mid winter-mid spring-mid summer . No total yield 

responses were recorded over the seasonally dry mid 

summer-mid autumn period . Response efficiency values 

recorded over the main growing s eason were twice those 

recorded from respons e s  under the cool , moi s t  condi tions 

of mid autumn-mid winter . 

4 .  While showing some variabil i ty ,  nitrogen 

respons es displ ayed a general pattern : increased total 

dry herbage yields � the respons e came from the non­

l egume component , princ ipally ryegras s � and clover 

yields were depressed .  There was no evidence that 

nitrogen use impaired subsequent sward performance , over 

the seasonally dry mid summer-mid autumn period . Annual 

dry herbage yields ( 14 to 1 7  t/ha ) were increased 2 0  to 

2 5% by use of the highest rate of nitrogen ( 448 kg N/ha/ 

an ) on these swards . The pattern of responses in 

rel ation to rate of ni trogen input indicates that further 

total yield increases would have resul ted from even 

heavier rates of appl ication . 

5 .  The site was relatively fertile ,  sus taining 

annual dry herbage yields of about 10 t/ha from clover­

free swards receiving no fertiliser ni trogen . 
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SECTION I I I  

HERBAGE NI TROGEN , AND MINERAL CHARACTERI STICS OF 

HERBAGE AND SOIL 

A INTRODUC TION 

Charac ter is tics of the New Zeal and pas toral indus try 

were cons idered br iefly in Sec tion I .  Almost al l forage 

is harvested in situ by sheep and cattl e .  

Graz ing animal s exert a var iety of influences on 

pas tures , both detrimental and benef icial . When 

reviewing New Zealand res earch on this sub j ec t ,  Sears 

( 1 9 5 6 } stated : 1 1 In practice , the separ ate effects of 

treading , grazing and manuring act together , but their 

rel ative importance depends on local conditions . . • .  the 

animal fac tors can all be of ma j or importance , and 

cons iderabl e mental effort is needed to use them in 

combination to the bes t  advantage of the pas ture , from 

sowing to final ploughing 11 • These effec ts have been 

the sub j ec t  of a recent review ( Watkin & elements 1 9 7 8 ) . 

Attent ion has been dr awn to the necessity for 

incorporation of the effec ts of graz ing animals on 

pastures during field experimentation ( Lynch 1947 ; 

S ears 1 95 1 ) .  Ye t few s tudies have been carried out 1n 

thi s  country to compare pasture performance under either 

grazing or mechanical defol iation,  wi th management 

otherwise common to both treatments . Relative to 

mechanical harvesting , a ma jor advantage ascribed to the 

graz ing of pastures i s  tha t  80 to 10�/o of inges ted plant 

nutrients are re turned to the soil-plant complex ( S ears 

1 9 5 6 ) .  The manurial benefits of excreta from grazing 

animal s are widely recognised ( Sears 195 3c , 1 9 60 ; 

Watkin 19 54 ; Wolton 1 9 5 5 ;  Jackman 1960 a ;  Walker 1962 ; 

Brockman et  al . 1970 ) . 

Another feature of New Zealand ' s  pas toral 

agricul tur e is almost complete rel iance on symbiotic 

nitrogen fixation by legumes , principally white clover , 
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for the inputs of ni trogen r equired to sustain pasture 

produc tion . Little use has been made of fertil iser 

ni trogen . While early research in this country 

( revi ewed in Sec ti on I )  contribu ted a great deal to 

present unders tanding of nitrogen relationships in 

grazed , gras s-clover pas tures , emphas i s  then was on 

devel opment of productive pastures on low ferti l ity 

s i tes , either scrubland or deteriorated gras sland . 

Development sequences have been described for lowland 

( Sears 1 9 60 ; Walker 1962 ; Levy 19 70 ) , hill country 

( Suckl ing 1959 , 1975 ; Levy 1 9 70 ) and high country 

( 0 1 Connor 196 6 ) . 

In  es sence , pasture development requires that 

nutrient def iciencies other than ni trogen are allevi ated 

( general l y  by heavy dressings of superphosphate ) and 

that any impediment to succes sful es tabl ishment of the 

l egume-rhi zobial symbios is  i s  removed (by l iming acid 

soils and/or applic ation of molybdenum ) .  Improved 

pasture species , especially white clover , must be 

establ ished . There follows a period of clover 

dominance ,  aided by continuing heavy inputs of basal 

fertilisers ( generally superphosphate only ) and grazing 

management directed towards utilis ing the forage prGduced 

as fully as is  compatible wi th s tock and pasture thr i ft . 

Over a period of years , nitrogen avail abil i ty in soil s 

gradual ly increases , promoting more vigorous grass growth , 

and clover dominance gives way to gras s dominance and 

higher annual yields . With the full development of so i l  

ferti l i ty , ferti l iser inputs decl ine t o  maintenance rates 

and a plateau in annual yield is reached wi th the bulk of 

annual production coming from the grass componen t of 

developed swards . This development s equence seems to 

have wide general ity to temperate grasslands (Donald 

19 6 3 ; Lowe 1966 ; Wol fe 19 7 2 ; Brougharn et al . 19 78 ) . 

Graz ing animal s pl ay an impor tant biologic al rol e 

ln such development sequence s . ( Fencing and water 

suppl i e s  mus t  be adequate to al low s tock control . )  As 

defol i a tors , animal s are managed to prevent ingress of 

weeds and to minimi se the dominance of clovers over 
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development , or dominance of 

during the later , gras s-dominant 

Brougham e t  al . 1 9 78 ) .  The 

' shower of fertility •  ( S ears 1 9 5 6 ; Levy 1970 ) in animal 

excreta is considered to be of vi tal importance in 

effecting the trans fer of symbiotically- fixed nitrogen 

from clovers to associ ated gras ses ( Walker 1 9 5 6 a ,  b ;  

Sears 1 9 5 6 , 1960 ; 0 1 Connor 1 9 6 6 ; Levy 19 70 ; Jackman 

1 9 7la , b ) . 

As l ong as attention is  paid to l ime requirements 

and adequate provi sion of all non-ni troge nous plant 

nutrients , soil ni trogen avai labi lity occupies a focal 

position in determining ecological changes during 

pasture development ( Sears 1 9 6 2 ; Levy 1 9 70 ; Brougham 

et al . 1 9 7 8 ) and is  cons idered to set an upper l imit to 

pas ture production from mixed swards , wi thin l imits 

imposed by clima te , soils , species and graz ing 

management ( 0 1 Connor 1966 , 1 9 74 ; Ball 1969 , 1 9 7 6 ; 

Jackman 1 9 7l a ,  b ;  Harris & Thomas 1 9 7 3 ) .  Working in 

Austral i a ,  Wol fe ( 1 972 ) found that the trans itional 

period between clover and grass dominance could be 

substant ially shortened i f  judic ious use were made of 

combined nitrogen in the ferti l i ser programme during 

pasture development . 

When cons idering the management of grass-clover 

as soci ations in New Zealand , Walker ( 19 5 6b ,  1962 ) s tated 

that the aim is to produce the highes t poss ibl e yi eld of 

grasses consis tent wi th maximum ni trogen fixation by 

clovers .  In developed pas tures ,  the defol iation 

management required for those two aims is  subs tantially 

in oppos ition .  As stated by Jackman ( 1 9 7lb } : an 

inherent contradiction in the grass-clover pasture . 

Management for high ni trogen fixation impl ies management 

for clover dominance ,  but this  will prevent the greater 

produc tion inherent in grasses . C onversely the 

maintenance of an adequate leaf area index for gras ses 

( to maximi s e  growth rate ) mus t  mean shading of cl over 

and reduced nitrogen fixation . The conditions for high 

ni trogen fixation and high production mus t  confl ic t • .  

The wri ter ( Ball 1 9 69 ) reasoned that the es tabl i shed 



- 5 1  -

pl ateau in total herbage produc tion ( Sears 1 960 ) was 

imposed by chronic ni trogen deficiency ,  and that fur ther 

yield increases from devel oped , mixed pas tures would not 

be pos s ibl e wi thout recourse to fertil iser ni trogen . 

Following grazing trials on New Zealand dairyfarms , 

Hudson & Woodcock ( 19 3 1 ) repor ted that prescribed use of 

ammonium sulphate gave responses approaching one kg 

milkfat , plus some additional feeding for dry s tock , from 

each kg ni trogen appl ied . Those authors recommended the 

prac tic e ,  which was considered profitable wi th the cost­

pr ice rel ationships prevail ing then ,  and viewed s trategic 

use of  ni trogen as ' well worth while ' in the town milk 

indus try wi th i ts higher return for milkfat . Their 

views were not supported by resul ts from subsequent plot 

s tudies (Hudson & McPherson 19 3 3 ; Hudson 1934 ) , where 

serious clover suppress ion and a ' s lumping ' in total 

pas ture growth were recorded in response to ni trogen use , 

even though attent ion was paid to adequate l ime and 

superpho sphate inputs .  The failure of those earl y 

experiments has been ascribed to severe potassium 

defici ency at the tri al s ite ( Sec tion I I , D ) . Sears 

( 19 5 3b )  appl ied 50 to lOO kg N/ha/an as ammonium sulphate 

or s odium nitrate to mixed swards receiving ' full return ' 

of dung and urine . These mid-late wi nter nitrogen 

dre s s ings resulted in only smal l visible responses for 

about 6 weeks after appl i cation , and had onl y negl igibl e 

effects on annual dry herbage yields . All treatments 

retained a botanic al compos ition of 60 grass : 40 cl over 

over the two and a hal f year s tudy , with no mark ed 

' slumping ' of pas ture growth or depress ion of clover 

recorded over the warm season .  Uni form distribution of 

urine wi th a watering can ,  which was carried out to plots 

of the • return • series ( Sears 1 9 5 3 a ) , would have elevated 

ni trogen avai l abil ity to all treatments in that s tudy .  

Following experi ence i n  both the United Kingdom and 

New Zealand , Walker ( 19 5 6b ) made a valuable contribu tion 

to our unders tanding of the course of events when 

ferti l i s er ni trogen is appl ied to mixed swards . The 

fol l owing sequence of events was considered l ikel y .  
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Taller-growing gras ses take up by far the maj or part of  

any appl ied nitrogen , and the resulting stimulation to 

growth enhances their abi lity to compete for ligh t ,  

nutr ients and water . Suppres s ion of associated clovers 

results , the extent depending on species • mix ,  nutrient 

and moi s ture supplies , and defoliation management .  I f  

any nutrient other than nitrogen is  seriously l imi ting , 

clover suppres sion is intensified ,  as grasses compete 

more succes sful ly than clover s  for nutrients commonly 

limiting pasture growth (phosphorus ,  potass ium and 

sulphur ) .  Under conditions ' of moisture and nutri ent 

adequacy ,  the length of time for whi ch pasture is 

spelled fol lowing ni trogen appl ication was cons idered the 

ma jor determinant of clover suppress ion ( loc .  c i t . ) .  

Clover pers istence is better wi th more frequent defol iation 

to reduce shading , al though thi s  probably al so produces 

lower dry herbage yields riche r  in ni trogen in response 

to the initial dres s ing of nitrogen , Walker reasoned . 

Following a study in C anterbury, in which a 

ryegras s -white clover pasture was cut for conservation 

Y? �dri ed grass , s ilage and hay s tages of regrowt� 

(Walker et  al . 1953 ) it was repor ted that applications of 

up to 80 kg N/ha gave negligible increases in total dry 

herbage yields � increas ed gra s s  yields being almo s t  

offset b y  a compens atory fal l i n  clover yields . 

Sulphate of ammonia suppres sed clovers more than did 

lime-ammonium nitrate or urea . His experience led 

Walker ( 1 9 5 6a )  to express the view that while the 

insigni ficant part pl ayed by fertiliser nitrogen in New 

Zeal and 1 s  pastoral indus try was partly due to i ts high 

cos t ,  with the very high produc tion pos s ible becaus e of 

high nitrogen fixation by clovers it was doubtful whether 

ferti l i s er ni trogen would normally be beneficial , even 

if it were cheaper . 

Some support for thi s  view came from overseas 

s tudies on mixed swards about that time . Working in the 

United Kingdom, Watkin ( 19 54 )  r eported a depre s s ion in 

total dry herbage yield foll owing annual application to a 

mixed sward , of some 50 kg N/ha as l ime-ammonium ni trate . 
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This result was recorded only in the second year of the 

s tudy , when weather conditions par ticularly suited clover 

growth over summer . Then , clover suppress ion lowered 

total production from the nitrogen- treated sward , 

relative to grass-clover control , which exhibited s trong 

clover growth under the prevai l ing condi tions . Over 

the same year , annual crude protein yield in mixed 

herbage was l i ttle better from the sward receiving the 

highest rate of nitrogen input ( 3 50 kg N/ha/an ) in the 

absence of animal ' returns ' ,  than from the control sward . 

In par t ,  the latter result reflec ted the reduced contribu tion 

of protein-r ich clover herbage to total yield , as soc iated 

with use of ni trogen . In Nor thern I r el and , L inehan & 

Lowe ( 1960 ) appl ied a range of nitrogen rates ( 0  to 400 

kg N/ha/an ) to cut gras s-clover swards , and measured dry 

herbage �nd crude protein yields over a five-year period . 

Clovers contributed 36% to the yearly average 5 . 5 t DM/ha 

measured from control . While dry herbage yield 

increased wi th success ive increments of ni trogen , the 

contribution by clovers fell , reaching 1% in associat ion 

wi th an annual input of 2 3 5  kg N/h a .  This progressive 

displacement of clovers from the swards resul ted in 

there being no inc rease in crude protein yield , over 

control , unl e s s  ni trogen rates in excess of 140 kg N/ha/ 

an were applied .  S imil ar results  were reported from 

Hol land by Dilz  ( 1 9 6 5 ) ,  who s tudi ed the response of cut 

ryegrass-red clover mixtures to a range of nitrogen 

rates ( 0  to 2 2 5  kg N/ha/an ) .  On a soil of low pH , 

clover growth was poor , so a near-l inear response to 

ni trogen was measured in total yi eld . At near-neutral 

pH clover growth was excellent , and the response by 

ryegras s to nitrogen was subs tantially offset by reduced 

clover yields .  

A recent paper ( Richards 1 9 7 6 ) cons iders the 

complexi ty of responses by grass-clover swards to appl ied 

ni trogen . Fol lowing numerous field tri als in the Uni ted 

Kingdom, two distinctly different rel ationships are 

described . The more common relationship i s  that in 

which an increase in grass ni trogen yield , through 
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ferti liser appl ication , gives li ttle increase in total 

herbage ni trogen yield until the sward becomes distinc tly 

grass dominant . Under these condi tions , clover 

ni trogen and fertil iser ni trogen were considered 

incompatibl e ,  the one largely substituting for the other 

in determining crude protein yields , at least over the 

lower range of ni trogen inputs . An alternative , l e s s  

common relationship was al so identi fied , where clover 

and fer til i s er nitrogen could be combined more 

successful l y :  clover suppress ion as soc iated with 

inc reas ing ni trogen input and greater grass ni trogen 

yi eld was much less severe , so total crude protein 

response was near linear . While the c auses of 

variability in these relationships were not cons idered 

to be clear , that author commented that relationships of 

the latter type arose from s tudies on soils which tended 

to have higher avai lable potassium s tatus ( loc . cit . ) . 

The s tudy reported herein was under taken to gain 

additional information on ni trogen relationships 1n 

highly productive , grass-clover as sociations . Aspec ts 

of the per formance of a relatively well developed 

ryegrass-white clover sward were monitored under both 

graz ing and mechanical defol iation . At the same time , 

a range of ni trogen treatments was included to test the 

view that ni trogen avai labil ity imposes an upper limi t 

to total herbage production from a well managed grass­

cl over assoc i ation ,  and to  gain information on the 

ni trogen s tatus of the experimental site . Treatment 

effects on dry herbage yields and sward charac teristics  

ar e reported in  Sec tion I I . Effec ts on  herbage 

ni trogen, and mineral charac teristics  of herbage and soil , 

are cons idered in this section . Treatment effec ts on 

soil ni trogen , and ni trogen bal anc es in the grazed and 

cut as soc iations are reported in S e c tion IV.  

B MATERIALS AND METHODS 

1 Site and C l imate 

This s tudy was carried out at Gras slands Divi s ion , 
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Palmer ston North , over the period autumn 1 9 7 2  to winter 

1 9 7 5 , inclus ive . A detailed des cription of the site , 

and climatic condit ions throughout the three-year 

experimental period , has been given ( Section 1 1 , B ,  1 ) .  

The outs tanding feature of the cl imate over thi s  three­

year period was the very dry condi tions encountered over 

the mid spring-mid autumn period of the second year 

( S ection I I ,  Tabl e 1 ) . 

Chemical analyses of repres entative soil sampl es , 

carr i ed out before the s tudy commenced , indicated a 

rel atively uni form ,  fertile si te exhibi ting marginal 

phosphate deficiency ( Ball et al . 1 9 7 8 ) .  Topsoil C/N 

ratio was 9 . 5 ( organic C ,  1 . 74% �  total N,  0 . 183% )  and 

pH 6 . 1 ( C EC ,  1 1 . 4  me % ;  base saturation , 9 7% ) . A 

small plot study , c arried out at the s i te before this  

experiment was ini tiated (R .  Ball , unpubl ishe d data ) 

confirmed marginal phosphorus deficiency,  but onl y 

during late autumn-early winter regrowth . No 

respons iveness to potassium or sulphur was indicated , 

even though ne i ther of these elements had been applied 

to the test area over the preceding three years . 

Responses to fertili ser ni trogen were recorded in that 

prel iminary s tudy . 

A basal fertil iser pol icy was adopted wi th a view 

to precluding any l ikel ihood of nutrien t  deficiencies , 

other than ni trogen . Potas sic superphosphate ( 2 2 . 5  kg 

P/ha , 120  kg K/ha and 2 7 . 5  kg S/ha ) was appl i ed each 

autumn and straight superphosphate ( 45 kg P/ha and 5 5  kg 

S/ha ) each spr ing . The whole area received a dress ing 

of dolomite ( 1 5 kg Mg/ha ) shortly before treatments were 

imposed .  

2 Treatments 

A detail ed account of treatments has been given 

( Sec tion 1 1 ,  B ,  2 ) .  

( a ) Method of defoliation : the performance of 

swards was compared when sub j ected to periodic mob­

stocking with dry sheep (grazing} or repeated mechanical 

defol iation wi th a shearing handpiece ( cutting ) . All 
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material harvested from the cut swards was removed from 

the area . Otherwi se , management was common to the two 

defol iation treatments , wi th herbage harves ted at the 

s ame time and in the s ame manner at each measurement . 

( b )  Nitrogen treatments : 7 were impos ed .  

l ( NO )  

2 ( N56 ) 

3 ( Nll2 ) 

4 ( N2 2 4 ) 

5 ( N448 ) 

= grass-clover , control sward 7 

= grass-clover sward receiving a total of 

56  kg N/ha , 

period l ate 

months ) 7 

= gras s-clover 

112 kg N/ha , 
= gras s-clover 

2 2 4  kg N/ha , 

= gras s-clover 

448 kg N/ha , 

in spl it  dressings over the 

autumn to early summer ( £  9 

sward receiving a total of 

in spl it dress ings as above 7 

sward receiving a total of 

in split dres s ings as above 7 

sward receiving a total of 

in spl it  dres s ings as above 7 

6 ( N45 X 10 ) = gras s-clover sward receiving a total of 

7 ( Gras s ) 

448 kg N/ha in equal spl its throughout 

the whole year 7 and 

= a sward maintained free of clovers and 

receiving no ferti liser ni trogen . 

All were measured under grazing , but only treatments l ,  

3 ,  5 and 7 under cutting . 

3 Experimental Procedure 

A detailed account of sward management and methods 

of measurement has been given ( S ection I I , B ,  2 & 3 ) . 

There were 12 defol iations in the first year , but this  

was reduced to 10  in each of the subs equent two years , 

because of dry summer-early autumn conditions . The 

ni trogen appl ication rate to treatment 6 ( N45 X 10 ) was 

ad justed accordingl y .  

Ni trogen treatments were maintained with in 

individual , small paddocks to preclude the pos s ibili ties 

of s elective defol iation or trans fer of nitrogen , 

between treatments , by the grazing animals . Sheep were 

pre- fed for 24 to 3 6  h on pasture receiving the relevant 

treatments , before entering the experimental swards , and 

were managed to minimi s e  fertility trans fer . ' Sheep-
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days • were recorded for all  treatments at each grazing . 

Cut swards were adequatel y  protected from any influence 

of graz ing animals . 

Herbage samples from the three cages within grazed 

plots were bulked . All s amples were weighed fresh , and 

after c areful mixing sub-s amples were drawn for dry 

matter determinations , bot anic al and chemical anal yses . 

For chemical analyses , individual clover and 1 gras s 1 

samples (mostly ryegrass , but including all l ive , non­

leguminous herbage ) were s eparated by hand from the fresh 

herbage , dried overnight at 80°C in a for ced- air oven , 

then ground and s tored . When dead herbage compri s ed a 

significant part of total yield i t  was s imilarly 

separated for total ni trogen analyses . To keep within 

real i z able working l imi t s , individual anal yses were only 

carried out on bulked s amples representing four 

• s easonal ' periods , corresponding to those reported in 

Sec tion I I . They were : ( i ) mid autumn-mid winter : 

incorporating regrowth fol lowing a 2 �/o split dressing of 

ni trogen in autumn and a subsequent 1�/o dress ing in 

ear l y  winter � ( ii ) mid winter-mid spring : including 

yields following a 2 �/o spl i t  dressing of nitrogen ahead 

of regrowth in late winter , and two subsequen t 10% 

spl i t s  over early spring � ( iii ) mid spring-mid summer : 

incorporating herbage regrowth over the remainder of the 

growing season , while spl it applications of nitrogen 

were continuing � and ( iv ) mid summer-mid autumn : 

including yields from regrowth over this  seasonall y  dry 

period , when fertil iser ni trogen application was 

discontinued to all but treatment 6 (N45 X 10 ) . 

Subs amples of dried materi al from individual harvests  

with i n  each period were bulked , according to rel ative 

yields , to give representative herbage samples for each 

of the 1 3  s easonal periods in the s tudy.  

Chemical analyses of  herbage followed standard 

practices within Grass l ands Divis ion ' s  analytic al 

labora tory . For potass ium , magnesium and c al cium 
0 contents of herbage , 0 . 2  g subsamples were ashed at 520 C 

for 3 . 5  h ,  and were then taken up in 2M HC l and made up 
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as 0 . 4� HC l solutions . Potass ium and calcium were 

determined by flame photometry,  using a Technicon 

Au toAnalyser , while magnes ium was determined by atomic 

absorption , using a Techtron spectrophotometer . For 

total herbage phosphorus and ni trogen , 0 . 14 g subsamples 

were diges ted by the K j eldahl me thod , wi th modif ication 

to include ni trate by addi tion of salicyl ic acid 

( Bremner 1 9 6 5 ) ,  following which both elements were 

determined colourimetrically in the same di luted diges ts , 

on a Technicon AutoAnalyser . For phosphorus , the meth od 

used was a modified molybdate-vanadate compl ex (Kitson & 

Mellon 1944 ) and for ni trogen , the hypochlori te-phenol 

reac tion wi th ammonium ( Wi l l i ams & Twine 196 7 ) .  

Herbage ni trate levels were determined colourimetric al l y  

on water extrac ts ( 0 . 2  g plant material in 2 0 0  ml ) ,  

fol lowing hydraz ine reduc tion to nitrite , by the 

sulphanil amide-naphthyl ethyl ene diamine method ( Henzell 

et al . 19 6 8 ) on a Technicon AutoAnal yser . S tandard 

checks on qual ity control were used routinel y th roughout 

the chemic al analyses . These compri sed inclusion of a 

' reference • s ample of known composition with every 

anal ytical run and dupl icate analys es on 1�/o of ' unknowns • .  

Analyses were repeated in the few ins tances when serious 

discrepanc ies emerged . Elemental contents and ni trogen 

yields are reported on an oven-dry ( l0 5°C )  herbage bas i s . 

Grazing records and fi eld observations during the 

earl ier stage s of thi s  s tudy suggested that apparent dry 

herbage intakes by sheep may have been greater from 

swards receiving the higher rates of nitrogen inpu t .  

Experience over the first two years suggested that 

differences were mos t  apparent over the mid spring- s ummer 

per iod . Accordingly ,  samples were taken from the grazed 

swards of representative ni trogen treatments , for in 

vi tro diges tibility es timates , over the appropriate 

seasonal period in the final year . Thes e  compri s ed 

representative s amples of the mixed herbage , t aken at 

graz ing s tage , dried overnight at 80°C in a forced-air 

oven , ground , and stored until analysed . Dupl ic ate 

analyses were carried out on material from individual 
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harvests , wi thout bulking . A two stage , rumen l iquor� 

pepsin technique for forage c rops ( Tilley & Terry 1 9 6 3 ) 

was used . 

1 Quicktes t 1  analyses were carried out on sub- samples 

of soil s ampl es coll ected for total nitrogen 

determinations ( detail s in Sec tion IV,  B ,  3 ) .  Onl y the 

topsoil ( 0 - 7 . 6  cm ) from two treatments , control ( NO )  and 

the heavi e st rate of nitrogen (N448 ) ,  was anal ysed , 

incorporat ing samples from below both the grazed and cut 

swards at the s tart and f inish of the experiment . 

Anal ys es were carried out at Ruakura Agri cul tural 

Research C entre , Hamil ton , us ing their stand ard analytical 

methods ( Anon . 1 9 7 9 ) ,  includi ng the recently introduced 

bicarbonate test for soil pho sphate . Sampl es were dried 

in a forced-air oven (< 2 0°C ) ,  subs amples were ground 

(< 2 mm ) and then stored pending analys i s . Al l samples 

were processed together , after completion of the 

experiment .  

4 Des ign, S tatistical Procedure and Format of Resul t s  

Details have been given ( Section I I , B ,  4 ) . 

Nitrogen treatments were randomly assigned to plots 

within each of 4 replicates .  Smal l plots for the 

cutting treatment were located , us ing randomis ed co­

ordinates ,  wi thin the corresponding grazed areas . 

In the main framework of  the experiment , there were 

7 nitrogen treatments measured under grazing , but only 4 

representative treatments under cutting .  Analyses of 

vari ance on the nitrogen and mineral character i s tics of  

herbage were carried out using a s tatis tical procedure 

which would accommodate the unbal anced design . Thi s  

allowed te sts of significance for main treatment 

( defol i ation and nitrogen treatments ) effects , but would 

not al l ow for interactions to be tes ted .  For chemical 

compos ition of herbage , ad justed means are reported 

throughout with coefficients o f  variation ( CV )  to give 

an indication of error variance .  To reduce the volume 

of tabul ated data , means have been s everely rounded and 

summaries  of analyses of variance for differences among 

nitrogen treatments have not been presented in full .• 
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Only resul ts for the comparison of  principal interes t ,  

between control ( NO )  and each of  the other 6 treatments , 

are tabulated . A copy of the full array of all 

treatments comparisons at al l measurements , for all 

parameters measured , is hel d by the author. 

To gain information on the extent of any treatment 

interactions in determining herbage ni trogen yields , 

annual data from the nitrogen treatments common to both 

methods of defol iation were sub j e c ted to separate 

analyses . Annual total s for herbage nitrogen yield , and 

its components , were extrac ted for treatments NO , Nl l 2  

and N448 , and were subjected to analyses of vari ance as 

2 x 3 x 4 factorial s .  Data from the ' Grass • treatme nt 

were also included in separate analys es as 2 x 4 x 4 

factorial s . In both cases tests for s ignificance of 

the defol iation method X ni trogen treatment interactions 

were carri ed out . 

�1ere the available data constituted a bal anced 

factorial des ign , conventional analyses of variance were 

carried out , including tes ts for treatment interactions , 

as indicated in the text . 

C RESULTS 

1 Herbage Total and Nitrate Nitrogen Contents 

Ad jus ted means for main treatment effects on total 

and nitrate nitrogen contents are presented in Tables 8 

and 9 ,  respectively,  together wi th summaries of 

s tatis tical anal yses . The very high CV (%) values 

tabulated wi th the ni trate data,  relative to those for 

the other el ements under s tudy , are indicative of the 

subs tantial error variance associated with measurement of 

this parameter in field s tudies . 

Relative to cut swards , grazed herbage frequently 

exhibi ted higher total and nitrate nitrogen l evel s .  For 

total nitrogen this effect was more apparent in the grass 

component , which was higher ( 4  to 1 6% )  under grazing in 

two or more years over every s easonal period . By 

contras t ,  total nitrogen in clover herbage was higher ( 2  
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TABLE 8 - Herbage ni trogen contents ( g  N/100 g dry herbage ) ;  adjus ted 
means �or main treatment effects 

Defoliation Nitrogen treatment t CV 

Grazed Cut 0 56 112  224 448 45xl0 Gras s (%) 

Year I 
Clover 

Grass 

Year I I  
Clover 

Grass 

Year I I I  
Clover 

Grass 

Year IV 
Clover 

Grass 

Year I 
C lover 

Grass 

Year I I  
Clover 

Grass 

Year I I I  
Clover 

Grass 

4 . 40 4 . 2 6  
ns 

3 . 78 3 . 65 
* 

4 . 44 4 . 45 
ns 

4 . 01 3 . 87 
* 

4 . 3 3 4 . 34 
ns 

3 . 3 7 3 . 29 
ns 

4 . 3 6 4 . 2 3 
ns 

3 . 63 3 . 42 
* * *  

5 . 03 4 . 91 
* *  

4 . 20 3 . 63 
* * *  

4 . 51 4 . 47 
ns 

3 . 34 3 . 0 7 
* * *  

4 . 64 4 . 73 
ns 

3 . 16 2 . 86 
* * *  

4 . 48 

3 . 68 

4 . 3 6  

3 . 83 

4 . 2 5  

3 . 30 

4 . 18 

3 . 52 

4 . 89 

3 .  72 

4 . 53 

2 . 96 

4 . 7 3  

2 . 80 

Autumn-winter 

4 . 30 4 . 24 
ns ns 

3 . 7 3  3 .  72 
ns ns 

4 . 44 4 . 42 
ns ns 

3 . 81 4 . 01 
ns * 

4 . 2 1  4 . 32 
ns ns 

3 . 2 0 3 . 30 
ns ns 

4 . 2 1 4 . 3 3 
ns ns 

3 . 40 3 . 46 
ns ns 

Winter-spring 

4 . 90 
ns 

3 . 82 
ns 

4 . 3 8  
* 

2 . 95 
ns 

4 . 59 
ns 

2 . 75 

ns 

4 . 91 
ns 

3 . 81 
ns 

4 . 43 
ns 

3 . 1 3 
* * *  

4 . 59 
ns 

2 . 84 

ns 

4 . 38 
ns 

3 . 79 
ns 

4 . 52 
ns 

4 . 1 5 
* *  

4 . 34 
ns 

3 . 40 
ns 

4 . 2 6 
ns 

3 . 59 
ns 

4 . 99 
ns 

4 . 08 
* * *  

4. 5 6  
ns 

3 . 32 
* * *  

4 . 74 
ns 

3 . 2 6 
* * *  

4 . 29 
ns 

3 . 90 
* *  

4 . 54 
ns 

4 . 2 8 
* * *  

4 . 48 
ns 

3 . 64 
* * *  

4 .  50 
* * *  

3 . 87 
* * * 

5 . 11 
* * *  

4 . 67 
* * *  

4 . 62 
ns 

3 . 85 
* * *  

4 . 7 6  
ns 

3 . 68 
* * *  

4 . 2 7 
ns 4 

3 . 71 3 . 48 
ns * 4 

4 . 40 
ns 3 

4 . 1 8  3 . 29 
* *  * * *  4 

4 . 39 
ns 3 

3 . 58 2 . 86 
* * * *  5 

4 . 2 6 
ns 4 

3 .  72 3 . 10 
ns * * *  4 

4. 9 8  
n s  2 

4 . 1 8  3 . 1 3 
* * *  * * *  2 

4 . 43 
ns 2 

3 . 63 2 . 59 
* * *  * * *  

4 . 69 
ns 3 

3 . 49 2 . 24 
* * *  * * *  5 
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TABLE 8 (Contd ) 

Defol iation Nitrogen treatment t CV 

Grazed cut 0 5 6  112 2 2 4  448 45xl0 Grass (% ) 
SEring-summer 

Year I 
Clover 4 . 85 4 . 61 4 . 7 3  4 . 62 4 . 61 4 .  79 4 . 8 7 4 . 87 

* *  ns ns ns ns ns 4 
Grass 3 . 5 5 3 . 0 7 3 . 2 5  3 . 31 3 . 2 2 3 . 39 3 . 82 3 . 70 2 . 50 

* * *  ns ns ns * * *  * * *  * * *  5 
V ear I I  

Clover 3 . 92 3 . 96 3 .  7 7  3 . 89 3 . 8 7 3 . 98 4 . 04 4 . 09 
ns ns ns * * * *  * *  4 

Grass 3 . 04 2 . 98 2 .  7 2  2 . 79 2 , 92 3 . 15 3 . 43 3 .  32 . 2 .  7 7  
ns ns * *  * * *  * * *  * * *  n s  5 

Year I I I  
C lover 4 . 32 4 . 10 4. 24 3 . 99 4 . 1 6  4 . 3 2 4 . 3 5  4 . 2 2  

* · ns ns ns ns ns 6 
Gras s 2 . 91 3 . 03 2 . 69 2 . 54 2 . 80 3 . 1 7 3 . 61 3 . 2 6  2 . 69 

ns ns ns * *  * * *  * * *  n s  7 

Summer-autumn 
Year I 

Clover 4 . 49 4 .  39 4 . 3 6  4 . 49 4 . 41 4 . 46 4 . 3 7  4. 5 7  
* ns ns ns ns ns 3 

Grass 3 . 82 3 . 57 3 . 69 3 . 7 5 3 . 68 3 . 60 3 . 73 3 . 9 7 3 . 46 
* * *  ns ns ns ns * * *  * * *  3 

Year I I  
Clover 3 . 99 4 . 04 4 . 00 3 . 92 3 . 90 3 . 92 4 . 1 5 4 . 2 1 

ns ns ns ns ns ns 4 
Grass 3 . 78 3 . 51 3 . 59 3 . 5 3 3 .  7 7  3 . 47 3 . 93 3 . 80 3 . 43 

* * *  ns ns ns * *  ns ns 5 
Year I I I  

Clover 4 . 63 4 . 58 4 . 60 4 . 49 4 . 60 4 . 60 4. 64 4 .  70 
ns ns ns ns ns ns 2 

Gras s 3 . 69 3 . 3 2 3 . 34 ·3 . 16 3 . 41 3 . 54 3 . 95 4 . 11 3 . 04 
* * *  ns ns ns * * *  * * * * * *  5 

t Statis tical comparisons are between NO ( control ) and other nitrogen 
treatments 
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TABLE 9 - Herbage nitrute level s (ppm N03-N ) ;  adjus ted means for 
main treatment effects 

Defol iation Nitrogen treatmentt CV 

Grazed C u t  0 5 6  1 1 2  2 24 448 45xl0 Grass (%) 

Year I 
Clover 

Grass 

Year I I  
Clover 

Grass 

Year I l l  
Clover 

Grass 

Year IV 
Clover 

Grass 

Year I 
C l over 

Grass 

Year II 
Clover 

Grass 

Year I l l  
Clover 

Grass 

1 54 1 4 7  
n s  

5 2 7  3 4 6  
* * *  

409 300 
ns 

2411 1 6 6 3  
* * *  

3 2 1  2 0 5  
* 

843 600 
* 

3 2 3  2 2 2  
* 

1033 692 
* *  

786 454 
* * *  

2647 1482 
* * *  

5 59 344 
* *  

1466 880 
* * *  

449 2 10 
* *  

1489 691 
* * *  

Au tumn-winter 

91 105 93 
ns ns 

308 353 326 
ns ns 

245 193 473 
ns ns 

1 2 1 5  1122 1912 
ns * * *  

140 119 159 
ns ns 

328 450 485 
ns ns 

151 132 1 74 
ns ns 

561 513 499 
ns ns 

Winter-spring 

1 7 7  220 300 
ns ns 

810 1396 1206 
n� ns 

81 5 6  1 7 5  
n s  n s  

3 3 4  241 539 
ns ns 

79 21 1 2 2  
n s  n s  

2 9 6  219 447 
ns ns 

167 276 1 74 
ns * * *  ns 47 

466 850 565 188 
ns * * *  * *  ns 3 1  

533 386 300 
ns ns ns 61 

2829 3455 3334 391 
* * *  * * *  * * *  * * *  1 6  

163 470 52 7 
ns * * *  * * *  39 

676 1597 1332 186 
ns * * *  * * *  ns 43 

344 523 312 
* * * *  * 40 

1222 1 784 12 68 185 
** * * *  * *  * 3 7  

537 1630 854 
** * * *  * * *  2 7  

2302 5262 3150 329 
* * *  * * *  * * *  ns 2 8  

2 0 7  1291 989 
ns * * *  * * *  3 8  

880 3632 2 504 78 
ns * * *  * * *  ns 3 6  

296 917 544 
* * * *  * * *  49 

1298 3196 2082 87 
* *  * * *  * * *  ns 46 
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TABLE 9 ( Contd ) 

Defol iation Nitrogen treatmentt CV 

Grazed Cut 0 56 112 2 24 448 45xl0 Grass (%) 
SQring-summer 

Year I 
C lover 1 5 3 7  3 5 1  4 2 7  2 7 1  5 1 3  892 2 3 66 1196 

* * *  ns ns ns * * *  * 60 
Grass 2453 935 1063 987 1 104 1 892 3882 2781 147 

* * *  ns ns ns * * *  * * *  * 43 
Year II 

Clover 1046 396 2 2 9  193 380 683 1 586 1251 
* * *  ns ns * * * *  * * *  36 

Grass 1 446 989 410 485 7 7 7  1428 3074 2136 212 
* *  ns ns * * *  * * *  * * *  ns 3 3  

Year III 
Clover 604 1 6 7  9 2  trace 110 390 1156 717 

* *  ns ns ns * * *  * *  82 
Grass 1 2 3 2  894 299 1 1 7  434 1377  3188 1835 189 

* ns ns * * *  * * *  * * *  ns 42 

Summer-autumn 
Year I 

Clover 951 457 566 485 630 701 723 1119 
* * *  ns ns ns ns * *  39 

Grass 2451 1515 1 86 3  1908 1 '188 1918 2 394 342 5 582 
* * *  ns ns ns * * * *  * * *  2 5  

Year II 
Clover 2055  1032  893 873 1182 1422 2484 240 5  

* * *  ns ns * * * *  * * *  22  
Grass 3118 2433 2 2 51 2319 2 548 2458 4259 4682 912 

* ns ns ns * * *  * * * * * *  2 6  
Year III 

Clover 7 7 2  1 7 5  2 30 trace 301 3 50 755  1234 
* * *  ns ns ns * *  * * *  64 

Grass 1948 938 791 346 1017 1323 2 "699 3648 2 7 7  
* * *  ns ns ns * * * * * *  ns 40 

f See footnote tq Table 8 
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to 5% ) in association with grazing , in only 4 of the 1 3  

periods under c onsideration . Nitrate leve l s  wer e  

invariably h igher in herbage from the grazed swards , 

both clover and gras s , with treatment dif ferences 

recorded at al l measurements except for the clover 

component over autumn-winter in years I and I I .  Thi s  

contrast between defol iation treatments was more 

pronounced under warm , dry seasonal condit ions . Both 

clover and grass herbage from grazed swards occas ionally 

exhibited ni trate levels several- fold those measured in 

their cut counterpar ts , over the spring- summer and 

summer-autumn periods . 

An el evated total nitrogen content was frequently a 

feature of grass herbage from swards receiving the higher 

level s of fertil iser nitrogen input .  Rel ative to 

control , N448 increased total ni trogen level s in grass  

{ 6  to  3 3% )  over all except two measurement periods , 

while smal ler increases were recorded in clover ( 5  to �/o ) 

at only three of the 1 3  measurements . Herbage from 

swards receiving the heavier rates o f  fertil i ser ni trogen 

frequently exhibi ted higher nitrate l evel s  than herbage 

from control swards . Ni trate leve l s  in gras s herbage 

from N448 were invariably higher than those from NO , 

exceeding ten- fold over three measurement periods . 

Rel ative to control , clover herbage from N448 al so 

contained subs tantially more nitrate over all but two of 

the 1 3  measurement periods . 

Total nitrogen and ni trate leve l s  in herbage from 

the N45 X 10 treatment followed a s imilar , general 

pattern to tha t  exhibi ted by N448 swards . While each 

received the s ame annual input of nitrogen , N448 recei ved 

the heavier i nput over autumn-winter , winter-spring and 

spring-summer . This  resulted in higher total and 

nitrate nitrogen l evel s in the herbage from N448 swards 

over winter-spring , for grass in all three years but 

clover only in two . While there was no consi sten t  

difference between these two treatments in tot al nitrogen 

content over autumn-winter or sp ring-s ummer , both grass  

and clover herbage from N448 exhibited higher n i trate 
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level s over e ach of the se seasonal periods in two or 

more years . During the summer-autumn period , when 

spl it dressings of ni trogen were continued only to 

treatment N45 X 10 , there was little di fference between 

these two treatments in herbage total ni trogen content � 

the grass component exhibi ted a higher l evel , only in 

year I ,  in treatment N45 X 10 . Herbage nitrate l evel s  

were higher i n  both clover and gras s , relative to tho s e  

from swards of treatment N448 , i n  the first and final 

years over thi s  s easonally dry period . 

Herbage from the pure grass  swards invari ably 

contained l e s s  total ni trogen than did the grass 

component of c ontrol swards over the seasonall y  cool , 

moi st periods of the year ( Tabl e 8 ) . This di fference 

was less cons i stent under seasonall y  warm , drier 

conditions , wi th lower total ni trogen recorded only in 

year I over spring- summer , and in years I and I I I  over 

summer- autumn . Rel ative to grass herbage from control , 

herbage from the pure grass swards invariably exhibi ted 

lower nitrate level s  ( Tabl e 9 ) , the difference reaching 

significance on 5 occasions . No s i gnificant difference 

was recorded over winter- spring in any year . 

2 Herbage Nitrogen Yields 

Dry herbage yields from this  experiment have been 

reported previously ( Sec tion I I ,  Tables 2 & 3 ) .  In 

as sociation wi th corresponding herbage total nitrogen 

contents ( Table 8 ) , those data were used to c al cul ate 

herbage nitrogen yields for th e  clover and grass 

components of  total yiel d .  Dead herbage nitrogen 

yields were c alculated us ing nitrogen contents only from 

periodic chemical analyses of dead herbage . For 

measurement periods when values were not available ,  

nitrogen contents were extrapolated from the mos t  

appropriate o f  the available d ata . Herbage nitrogen 

yields are reported in Tables 10 and 11 , together with 

summaries of s tati s tical analyses . Annual total s are 

presented in Table 10 , with a breakdown into s easonal 

herbage nitrogen yields in Table 11 . 
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TABLE 10 - Annual herbage nitrogen yields (kg N/ha ) ; adjus ted means for 

main treatment effects 

Defoliation Nitrogen treatmentst CV 

Grazed Cut 0 5 6  112 224 448 4 5xl0 Grass (%) 

Year I 
Total 754 639 670 730 714 733 872 817 340 

* * *  * * * * * *  * * *  * * *  6 
Clover 241 2 2 3  3 2 4  300 2 7 7 244 241 2 3 5  3 

ns ns ns * * *  * *  * * *  2 0  
Grass 490 408 330 421 415 483 629 556 311 

* * *  * * *  * * *  * * *  * * *  ns 13 
Dead 2 2  1 2  1 6  1 4  1 6  1 6  20 2 1  1 6  

* * *  n s  ns ns * *  * *  ns 1 6  

Year I I  
Total 5 7 6  475 463 5 2 0  541 559 664 649 281 

* * *  ns * *  * *  * * *  * * *  * * *  8 
Clover 139 1 5 8  188 167 203 160 165 154 trace 

ns ns ns ns ns ns * * *  30 
Grass 41 3 307 256 343 319 391 488 4 70 2 57 

* * *  * * * * *  * * *  * * *  ns 1 6  
Dead 2 3  1 2  1 5  1 6  1 6  1 9  2 2  2 2  1 6  

* * *  ns ns ns * * *  * ns 19 

Year I I I  
Total 629 516 547 5 2 6  561 646 731 7 2 3  2 74 

* * *  ns ns ** * * *  * * *  * * *  8 
Clover 1 2 7  159 2 2 5  1 6 5  179 164 121 147 trace 

* * * * * * *  * *  * * *  2 6  
Grass 469 341 296 344 355 465 587 541 242 

* * *  n s  * * * *  * * *  * * *  * 11 
Dead 34 1 8  21 26 24 29 32 3 0  20 

* * *  ns ns * *  * * *  * *  ns 16 

t See footnote to Table 8 
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TABLE 11 - Seasonal herbage nitrogen yields (kg N/ha }  � adjusted 
means for main treatment effects 

Defol iation Nitrogen treatmentst CV 

Grazed cut 

Autumn-winter I 
Total 91 

Clover 1 5  

Grass 75 

Dead 2 

Autumn-winter I I  
Total 108 

Clover 1 7  

Grass 89 

Dead 2 

Autumn-winter I I I  
Total 1 3 0  

Clover 2 8  

Grass lOO 

Dead 3 

Autumn-winter I V  
Total 119 

Clover 1 5  

Grass 102 

Dead 2 

94 
ns 

15 
ns 

78 
ns 

2 
ns 

74 
* * *  

20 
ns 

53 
* * *  

1 
* *  

105 
* * *  

34 
ns 

6 8  
* *  * 

2 
* 

103 
* *  

34 
* * *  

6 6  
* * *  

2 
ns 

0 56 112 

83 89 91 
ns ns 

18 19 17 
ns ns 

63 69 72 
ns ns 

2 1 2 
ns ns 

81 78 93 
ns ns 

22 2 2  2 1  
ns ns 

59 5 5  7 2  
n s  ns 

1 1 1 
ns ns 

115 1 18 115 
ns ns 

39 31 45 
ns ns 

71 80 69 
ns ns 

2 2 2 
ns ns 

103 106 1 14 
ns ns 

39 34 30 
ns ns 

63 69 84 
ns * 

1 1 2 
ns ns 

224 448 45xl0 Grass (%) 

101 117 108 63 
* *  * * *  * * *  * * *  1 1  
1 7  1 7  14 1 
ns ns ns * * *  2 0  
83 99 92 59 
* *  * * *  * * *  ns 14 

1 2 2 2 
ns ns ns ns 32 

93 108 117 6 6  
ns * * *  * * *  * 13 
18 24 20 trace 
ns ns ns * * *  3 7  
72 83 96 64 
ns * *  * * *  ns 19 

1 1 1 3 
ns ns ns * * *  48 

126 139 141 74 
ns * * * * *  14 
41 29 32 trace 
ns ns ns * * *  33 
85 108 105 70 
ns * * *  * *  ns 21 

2 3 3 3 
ns ns ns ns 35 

129 1 3 7  129 58 
* * * *  * * * *  14 

23 24 23 trace 
* * *  * * * *  41 

. 101 108 104 58 
* * *  * * *  * * *  ns 19 

2 2 3 2 
* * *  * * 37 
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TABLE 11 (Contd ) 

Defol iation Nitrogen treatmentst CV 

Grazed Cut 0 56 112 2 24 448 45xl0 Grass (%) 

Winter-sEring I 
Total 200 1 7 6  167 187 188 203 259 222 90 

* * *  rs * ** *** *** *** 9 
Clover 47 35 65 5 3  46 49 39 35 trace 

* *  ns * *  * * * *  * * *  * * * . 2 7  
Grass 1 5 1  1 4 0  100 136 140 1 5 5  222 184 86 

ns * * *  * * * *** *** ns 1 5  
Dead 1 1 1 1 1 1 1 2 1 

ns ns ns ns * * * *  ns 2 5  

Winter-spring I I  
Total 242 198 188 206 2 3 3  240 313 285 79 

* * *  ns * * * * * *  * * *  * * *  * * *  8 
Clover 3 7  4 1  60 42 64 35 38 34 trace 

ns ns ns * * * *** 43 
Grass 199 1 5 5  1 2 4  161 165 203 2 70 245 73 

* * *  * *  * * *  * * * *** * * *  *** 11 
Dead 6 3 4 4 5 4 5 6 4 

* * *  ns ns ns ns ns ns 31 

Winter-sEr.ing I l l  
Total 243 193 202 189 207 255 304 2 84 84 

* * *  ns ns *** * * '*; * * *  *** 8 
Clover 34 3 5  67 3 7  44 39 2 1  31 trace 

ns * *  * *  * *  * * *  * * *  *** 44 
Grass 204 1 5 6  129 151 1 59 216 280 245 7 5  

* * *  * ** *** *** * * *  * * *  9 
Dead 6 3 4 4 4 5 ·5  5 4 

* * *  ns ns ns ns ns ns 2 6  
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TABLE 11 (Contd ) 

Defol iation Nitrogen treatmentst CV 

Grazed Cut 0 5 6  1 1 2  2 2 4  448 45xl0 Grass (%) 

Spring-summer I 
Total 2 5 3  1 8 6  2 2 1  2 2 5  2 2 2  2 3 4  291 265 81 

* * *  ns ns ns * * *  * * *  * * *  8 
Clover 8 8  66 115 95 95 69 7 5  9 1  trace 

* ns ns * *  * *  ns * * *  33 
Grass 160 118 100 130 122  166 2 1 5  168 73 

* * *  ns ns *** * * *  * * *  * 16 
Dead 5 3 3 3 4 4 5 5 4 

* * * ns ns ns * * *  * ns 21 

Spring-summer I I  
Total 108 89 7 7  111 94 108 126 121 52 

* * ns * * * *  * *  • 21 
Clover 1 3  2 0  2 2  18 25 13 17 17 trace 

• •  ns ns ns ns ns * * *  41 
Grass 8 3  6 6  46 88 60 88 101 93 44 

* * *  ns * *  * * *  * * *  ns 27 
Dead 1 2  5 7 7 7 10 1 1  10 5 

* * *  ns ns ns * *  ns ns 2 8  

Spring-summer I l l  
Total 115 9 2  8 8  9 7  104 120 137 136 43 

* * *  n s  * * *  * * *  * * *  * * *  14 
Clover 19 2 2  38 2 6  21 20 1 7  21 trace 

ns ns ** * *  * * *  * *  * * *  44 
Grass 80 6 1  42 58 70 86 106 98 35 

* * *  * * * *  * * *  * * *  * * * ns 1 7  
Dead 1 6  9 9 13 12 15 16 16 6 

* * *  * ns * *  * * *  * *  n s  2 5  
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TABLE 11 (Contd ) 

Defol iation Nitrogen treatmentst CV 

Grazed Cut 0 5 6  1 1 2  224 448 45xl0 Grass (% ) 

Summer-autumn I 
Total 210 1 8 3  2 00 2 2 8  2 1 3  195 2 0 5  2 2 3  107 

* * *  * ns ns ns ns * * *  10 
Clover 92 106 1 2 6  1 3 5  l l 8  109 110 95 2 

* ns ns ns ns * * * *  2 0  
Grass 102 72 6 5  8 6  8 1  79 93 112 92 

* * *  * * ns * *  * * * * *  1 7  
Dead 14 6 10 9 9 9 12 13 10 

* * *  ns ns ns ns * ns 22 

Summer-autumn I I  
Total 118 l l 2  l l 7  1 2 3  121 119 l l 7  1 2 6  85 

ns ns ns ns ns ns * *  16 
Clover 72 7 7  8 5  84 93 93 86 83 trace 

ns ns ns ns ns ns * * *  3 3  
Grass 41 33 2 6  39 23 2 8  3 5  3 6  76 

ns ns ns ns ns ns * * *  44 
Dead 4 3 3 5 4 4 4 4 4 

* ns ns ns ns ns ns 30 

Summer-aututnn I I I  
·Total 140 131 152 130 132 147 151 166 72  

ns ns * ns ns ns * * *  1 5  
Clover 46 69 83 71 70 64 5 3  63 trace 

* *  ns ns ns * *  ns * * *  30 
Grass 85 5 5  54 53 56 78 93 94 63 

* * *  n s  n s  * * * *  * *  ns 2 5  
Dead 9 4 6 7 6 7 8 6 7 

* * *  ns ns ns ns ns ns 2 5  

t S e e  footnote t 9  Table 8 
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( a )  Defoli ation method X nitrogen treatment interactions 

Of the 24 anal yses of variance c arried out on data 

from the ni trogen treatments common to both graz ing and 

c utting , s ignificant treatment interactions were 

indic ated in two ( summaries not pres ented ) : grass 

herbage nitrogen yield over the first year , wheth er or 

not data from the pure grass swards were included . I n  

both these ins tances ni trogen yields in grass herbage 

were almost identical at N448 , but lower under cutting 

than graz ing in the NO , Nl l 2  and Grass treatments . 

Thereafter , no treatment interaction was indicated for 

this yield component , nor was any detected in clover , 

dead or total herbage nitrogen yields over the three 

years of the exper iment . In view of the relative 

absence of s igni ficant treatme nt interac tions , attention 

is focussed on main treatment effects on herbage ni trogen 

yields throughout thi s  report . 

( b )  Method of defol iation ( Grazing vs Cutting ) 

With the exception of the initial measurement 

period , gras s , dead herbage and total nitrogen yields 

were invariably h igher in the grazed swards than where 

herbage was continual ly cut and removed . With few 

exceptions , thes e  dif ferences were s ignificant ( Table 11 ) 

and were reflected in the corresponding annual totals 

for each of the three ful l  years of the experiment 

( Tabl e  10 ) .  Total herbage ni trogen yield was consistently 

some 2 �/o higher under grazing each year , with the treatment 

differences in gras s nitrogen yields making the ma j or 

quantitative contribution to this  resul t .  While 

herbage nitrogen yields from the clover component of the 

swards were simi l ar between defol iation treatments over 

years I and I I  ( Table 10 } ,  a reduced clover nitrogen 

yield was recorded from the grazed swards in the final 

year . Fol lowing the initial measurement period , clover 

nitrogen yields were higher under grazing until summer­

autumn of the first year , when this effect was reversed 

( Table 1 1 ) .  Thereafter,  clover nitrogen yields were 

either the s ame for both defol iation treatments , or 

greater under cutting .  
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( c )  Responses to fertil iser nitrogen 

In terms of herbage nitrogen yield , responsivene s s  

by these gras s -clover swards is  cle arly establ ished 

( Tables 1 0  & 11 ) ,  although there was variabil ity among 

years particularly in the response by the clover 

component of th e  swards . To provide a general 

description of these responses , the ad j usted herbage 

nitrogen yields have been averaged over years ( from 

Tabl e 10 ) and seasons ( from Tabl e 11 ) ,  for the NO , N5 6 ,  

Nll 2 , N2 2 4  and N448 treatments , and the averaged data are 

pres ented in Fig . 5 .  Linear regres sion analyses were 

carried out on thes e  to tes t for signif icant effects of 

fertil iser nitrogen rate on herbage ni trogen yield s . 

Becaus e of the author 1 s  reservations about dry herbage 

yield recorded from treatment N5 6 ( dis cussed in Sec tion 

I I , c ,  1 ,  b ) , separate regres s ion analyses were 

conduc ted 7 fir s t  incorporating al l treatment means , 

then exclus ive of data from N5 6 .  Unl ike the s i tuation 

wi th dry herbage yields , in this  ins tance there was no 

cons i stent change in resul ts for tests of significance 

for the slope of regres sion l ines , whether or not data 

from the N56 treatment were i ncluded . Accordingly ,  the 

linear regress ions presented in Fig . 5 incorporate data 

from all treatments . 

Average annual herbage nitrogen yield reflected the 

effects recorded over individual seasons ( Fig . 5 ) .  

Yearly grass nitrogen yield increased as the rate of 

fertil i s er input increased , while yearly clover ni trogen 

yield decreased . However , the l atter effect was less  

than compens atory , so average annual total nitrogen 

yield also ros e as the annual rate of nitrogen appl ication 

became heavier . The slope of the regression line for 

dead herbage was signi ficant , although this component 

was a minor contributor to tot al nitrogen yield . 

Inspection of results from ind ividual years ( Tabl e  10 ) 

largely confirms these averaged resul ts . Rel ative to 

control , Nll2 , N2 24 and N448 r aised grass nitrogen 

yields in all three years 7 N2 2 4  and N448 rai s ed total 

nitrogen yield every year ( Nl l 2 , only in years I and I I ) 7  
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FIGURE 5 - Herbage ni trogen yield respons es to 

ferti l i s e r  ni trogen by grass-clover swards � 

averages for annual and seasonal yields 

( s igni ficanc e indicated for slope of 

regre s s ion l ine } 
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while N2 2 4  and N448 reduced clover nitrogen yield in 

years I and I l l . Over year I I ,  when very dry c l imatic 

conditions resulted in lower yields of clover dry 

herbage from control swards ( Section I I , Table 3 a ) , 

clover nitrogen yield for the year was unaffected by 

fertil iser nitrogen treatment . Compared wi th NO , N448 

increased dead herbage nitrogen yield over al l three 

years , as did N2 2 4  in the final year . 

Signi ficant posit ive slopes were recorded in the 

regression l ines for grass and total herbage ni trogen 

yields over all three seasons when the swards were 

receiving fertil i s er nitrogen ( Fig . 5 ) . Thes e  averaged 

results are in close accord wi th those from individual 

seasons ( Tabl e 1 1 ) .  Rel ative to control , N448 

invariably increased gras s and total herbage ni trogen 

yields over autumn-winter , winter-spring and sp ring- summer , 

as did N2 2 4  over 7 of those 10 measurement periods . 

Inspection of the clover nitrogen yields from 

individual measurement periods ( Table 1 1 ) indic ates tha t  

these aver aged effects for clover were only loosely 

rel ated to results  recorded within individual seasons . 

Over autumn-winter , clover nitrogen yield was lower at 

N2 24 and N448 than at NO , in all but one year , but 

signi ficantly so only in the final year . Relative to 

control , N2 2 4  and N448 depres sed clover nitrogen yield 

over winter-spring in all three years . However ,  the 

low average clover nitrogen yield recorded in treatment 

N56 precluded significance in the tes t of slope for the 

regression l ine . ( In this  ins t anc e ,  a negative 

rel ationship between clover nitrogen yield and fertil i s er 

nitrogen rate was apparent in the averaged winter-spring 

data , if treatment N56 were excluded ) . Simi l arly ,  over 

spring-summer N2 2 4  and N448 reduced clover nitrogen 

yield , rel ative to control , in years I and I l l . 

However ,  the slope of the fitted regre ssion l ine was not 

significant owing to relatively low average values for 

treatments N5 6 and N2 2 4 .  

The averaged values indic a ted an increasing 

contribution by dead herbage to total nitrogen yield as 
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the rate of ni trogen input increased ,  with s ignificant 

slopes recorded in the regression l ines for winter­

spring and spring-summer . 

Over the s ummer-autumn period , when nitrogen 

appl ication was discontinued to all these treatments ,  

res idual responses were apparent in the averaged values 

for the grass and clover components ( Fig . 5 ) . While 

total herbage nitrogen yield was virtually unaffec ted by 

the rate of nitrogen input , clover nitrogen yield 

decreased and grass ni trogen yield increased in a 

compens atory manner , as annual ni trogen rate inc reased .  

Results from individual measurement periods ( Table 1 1 ) 

confirm that total herbage nitrogen yield was 

consistently unaffected by fertil iser ni trogen rate over 

summer-autumn . Relative to control , N448 increased 

grass nitrogen yield in years I and I I I , but decreased 

clover nitrogen yield only in year I I I . �moothing of 

data by averaging over years may have contributed to the 

significant slope of the regres s ion l ine recorded for 

the clover component over summer- autumn . 

Nitrogen yields from swards in treatment N45 X 1 0 , 

to which spl it dres sings of nitrogen were continued over 

the s easonally dry summer-autumn period , were s imilar in 

virtually all respects to those from swards receiving 

treatment N448 ( Tables 10 & 1 1 ) .  Both these treatments 

received the same input of ni trogen each year , but none 

was appl ied to N448 swards over summer- autumn . Yet 

nei ther total herbage nitrogen yield , nor any of its 

components , di f fered between these two treatments over 

any of the three summer-autumn measurement periods . 

( d )  Pure grass swards 

Annual total herbage nitrogen yie lds ( Table 1 0 ) 

from swards of the Gras s treatment were cons ider ably 

lower than those f rom the grass -clover control , l it tle 

more than a hal f on average over the three years . Mos t  

of thi s di fferenc e arose from the subs tant ial contribution 

by the clover c omponent to total nitrogen yield in the 

control swards . Yearly grass ni trogen yield did not 

differ between treatme nts NO and Grass over years I and 
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II . Over the f inal year , ni trogen yield from the grass 

component of the pure gras s swards was some 2 �/o l ower 

than that from the grass-clover control . On a s easonal 

bas is  ( Table 1 1 ) ,  total nitrogen yield from the clover­

free swards was lower than tha t  from control over all 

periods . However , seasonal influences were apparent on 

grass nitrogen yield . Over autumn-winter , it did not 

differ between treatments . Dur ing winter-spring , 

nitrogen yield was always higher from the gras s component 

of the control swards � significantly so in years I I  and 

I I I . This  result was repeated over spring-summe r  of 

the first year , but thereafter there was no treatment 

difference over that seasonal period . In contras t , 

nitrogen yield was invariably higher in the gras s  

component from the pure gras s  swards over the seasonally 

dry , summer-autumn period � s i gnificantly so in years I 

and II . 

An associated s tudy was c arried out during the 

final year to test  for any effects on dry herbage and 

herbage ni trogen yields , from the herbicide used to 

remove clovers from the pure grass swards ( detail s in 

Section I I ,  B ,  2 ,  b ) . S tatistical analyses of results  

( not pres ented ) gave no indic ation of a signi fic ant 

treatment di fference in annual herbage nitrogen yield 

( weeded = 2 13 kg N/ha vs sprayed = 2 2 8  kg N/ha � resul t  

ns ) .  

3 Mineral Composition of Herbage 

( a ) Herbage phosphorus content 

Ad jus ted means , with results for main treatment 

effec ts , are presented in Table 12 . There were 

s ignificant differences in the phosphorus level s  of 

herbage from the grazed and cut swards , for mos t  

seasonal periods throughout the experiment . With one 

exception ,  the phosphorus content of clover was always 

higher ( 3  to 14% )  in herbage from the grazed swards . 

Excluding the first  year , the s ame appl ied to the grass  

component of the swards over autumn-winter . However , 

the reverse was true over winter-spring and spring­

summer of  years I and II , and s ummer-autumn of year I I I . 
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TABLE 1 2 - Herbage phosphorus contents ( g  P/100 g dry herbage ) ;  ad jus ted 
means for main treatment effects 

Year I 
Clover 

Grass 

Year I !  
Clover 

Grass 

Year I I I  
Clover 

Grass 

Year IV 
Clover 

Grass 

Year I 
Clover 

Grass 

Year I I  
Clover 

Grass 

Year I I I  
Clover 

Grass 

Defol iation 

Grazed Cut 

0 . 42 0 . 42 
ns 

0 . 43 0 . 42 
ns 

0 . 44 0 . 39 
* * *  

0 . 47 0 . 42 
* * *  

0 . 40 0 . 38 
* *  

0 . 43 0 . 40 
* * *  

0 . 42 0 . 3 7 
* * *  

0 . 42 0 . 39 
�* * *  

0 . 45 0 . 43 
* 

0 . 48 0 . 52 
* 

0 . 40 0 . 3 7 
* * * 

0 . 41 0 . 46 
* *  

0 . 44 0 . 41 
* *  

0 . 45 0 . 45 
ns 

0 

0 . 42 

0 . 45 

0 . 41 

0 . 45 

0 . 38 

0 . 43 

0 . 3 8 

0 . 41 

0 . 43 

0 . 5 5 

0 . 36 

0 . 47 

0 . 40 

0 . 48 

Nitrogen treatment+ 
56 112 

Autumn-winter 

0 . 41 0 . 41 
ns . ns 

0 . 43 0 . 43 
* * 

0 . 42 0 . 42 
ns ns 

0 . 45 0 . 43 
ns ns 

0 . 38 0 . 39 
ns ns 

0 . 41 0 . 42 
ns ns 

0 . 3 7 0 . 40 
ns ns 

0 . 39 0 . 40 
ns ns 

Winter-spr ing 

0 . 43 
ns 

0 . 50 
· • 

0 . 3 7 
ns 

0 . 43 
ns 

0 . 40 
ns 

0 . 46 
ns 

0 . 43 
ns 

0 . 50 
* *  

0 . 38 
ns 

0 . 43 
ns 

0 . 41 
ns 

0 . 44 
* *  

2 2 4  448 

0 . 42 0 . 42 
ns ns 

0 . 41 0 . 43 
* * *  * *  

0 . 42 0 . 42 
ns ns 

0 . 45 0 . 45 
ns ns 

0 . 38 0 . 40 
ns ns 

0 . 42 0 . 40 
ns ns 

0 . 40 0 . 41 
ns * * *  

0 . 41 0. 39 
ns ns 

0 . 44 0 . 46 
ns * * *  

0 . 49 0 . 46 
* * * *  

0 .  39 0 . 43 
* *  * * *  

0 . 42 0 . 37 
ns * * *  

0 . 43 0 . 45 
* * * *  

0 . 45 0 . 42 

ns * * *  

C V  

45x10 Grass (%)  

0 . 42 
ns 4 

0 . 42 0 . 42 
* *  * * * 3 

0 . 42 
ns 4 

0 . 43 0 . 48 
ns * *  4 

0 . 39 
ns 5 

0 . 42 0 . 41 
ns ns 4 

0 . 40 
ns 3 

0 . 41 . 0 . 43 
ns * 5 

0 . 4 5 
* 3 

0 . 49 0 . 52 
* * 6 

0 . 3 8 
* 5 

0 . 41 0 . 50 
* * 7 

0 . 45 
* * *  5 
0 . 46 0 . 46 

ns ns 5 



- 67b -

TABLE 12 (Contd ) 

Defoliat ion Nitrogen treatment T CV 

Grazed Cut 0 56 112 224 448 45x10 Grass (% ) 
S:Qr ing- surruner 

Year I 
Clover 0 . 3 9 0 . 3 7 0 . 3 8 0 . 38 0 . 38 0 . 38 0 . 38 0 . 3 8 

* * *  ns ns ns ns ns 3 
Grass 0 . 40 0 . 44 0 . 44 0 . 43 0 . 42 0 . 40 0 . 3 7  0 . 41 0 . 47 

* * *  ns ns ns *** ns ns 8 
Year I I  

Clover 0 . 2 5 0 . 24 0 . 2 5  0 . 2 5 0 . 2 5  0 . 2 5  0 . 2 4 0 . 2 5  
ns ns ns ns ns ns 5 

Grass 0 . 2 7  0 . 30 0 . 30 0 .  2 8- 0 . 2 6  0 . 2 7  0 . 24 0 . 2 7 0 . 3 8 
* * *  ns ** * * * *  * * ** 8 

Year I I I  
Clover 0 . 3 3  0 . 2 9 0 . 3 3 0 . 2 9 0 . 31 0 . 31 0 . 3 1 0 . 30 

* * *  ns ns ns ns ns 6 
Grass 0 . 3 6 0 . 3 7 0 . 41 0 . 3 7 0 . 3 7 0 . 34 0 . 31 0 . 34 0 . 40 

ns * * *  * * *  * * *  *** ns 7 

Summer-autumn 
Year I 

Clover 0 . 34 0 . 3 3  0 . 3 3 0 . 34 0 . 3 3 0 . 3 3  0 . 34 0 . 3 3 
* *  ns ns ns ns ns 3 

Grass 0 . 3 6 0 . 38 0 . 3 7  0 . 38 0 . 3 7 0 . 3 6 0 . 3 5 0 . 3 5 0 . 42 
* ns ns ns * ns * * *  6 

Year I I  
C lover 0 . 3 2 0 . 30 0 . 3 3 0 . 3 3 o :3 2  0 . 30 0 . 30 0 . 3 2 

ns ns ns ns ns ns 7 
Grass 0 . 3 3 0 . 3 3 0 . 3 5 0 . 3 3 0 . 34 0 . 3 1 0 . 30 0 . 3 2 0 . 3 6 

ns ns ns * *  * * *  * ns 7 
Yeiir I I I  

Clover 0 . 3 5 0 . 32 0 . 3 5  0 . 34 0 . 3 5  0 . 34 0 . 34 0 . 34 
* ns ns ns ns ns 6 

Grass 0 . 3 5 0 . 3 6 0 . 3 8 0 . 3 5 0 . 3 5  0 . 34 0 . 3 3 0 . 32 0 . 42 
ns ns ns ns * * * 10 

+ See footnote to Table 8 
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An effect of nitrogen fertil iser treatments on 

pho sphorus level in clover herbage was apparent in al l 

three years , but only during winter-spring . Elevated 

phosphorus contents ( 8  to 1�/o )  were associated wi th 

nitrogen use a t  the higher rates of input , with a 

simi l ar effect recorded from the N448 treatment over 

autumn-winter , but only in the final year . The reverse 

was the case in the grass component . Relative to 

control , gras s herbage from swards receiving the higher 

rates of ni trogen under test almos t invariably exhibited 

lower phosphorus levels . This effect was least pronounced 

in autumn-winte r , during which period s ignific ant 

treatment effe c ts were recorded only in the first year , 

but grass herbage from the N448 swards contained less 

phosphorus ( 6  to 2 1% )  than tha t from NO over the othe r 

three seasonal periods , in al l three years . 

While differences in phosphorus l evels in grass 

were recorded between control and the pure grass swards , 

they did not fol low a cons istent pattern.  

( b ) Herbage potas s ium content 

As shown in Table 1 3 , there was a clear-cut effect 

of defol iation method on herbage potas s ium levels after 

autumn-winter of  the first year . Under graz ing , both 

clover and grass  invariably contained s ignificantly more 

potass ium ( 1 2 to 7 �/o and 7 to 3 �/o respectively ) than 

where herbage was repeatedly cut and d i scarded . 

The influence of fertiliser nitrogen treatme nts , by 

comparison with defol iation method , was minor . Over 

winter-spring , higher potass ium levels in both clover 

and grass components ( 7  to 13% for both ) were as sociated 

wi th the higher rates of nitrogen input in all years . 

Rel ative to control , the _ sarne was the c ase over autumn­

winter of the f inal two years , but s i gnificant differences 

were generally c onfined to the clover c omponent of th e  

swards . 

C ompared with herbage from the grass  component of 

control swards , herbage from the pure grass swards 

almost invariably exhibited a r�duced potassium conten t .  

This difference was significant i n  one o r  more years over 
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TABLE 1 3  - Herbage potass ium contents (g K/100 g dry herbage ) ;  adjus ted 
means for main treatment effects 

Year I 
C l over 

Grass 

Year I I  
Clover 

Grass 

Year I I I  
C l over 

Grass 

Year IV 
Clover 

Grass 

Year I 
C lover 

Grass 

Year I I  
Clover 

Grass 

Year I I I  
C lover 

Grass 

Defol iation 

Grazed Cut 

2 . 68 2 . 62 
ns 

3 . 03 2 . 99 
ns 

2 . 94 2 . 5 5 
* * *  

3 . 79 3 . 18 
* * * 

3 . 0 6 2 . 47 
* * *  

3 . 53 2 . 98 
* * *  

2 . 91 2 . 47 
* * *  

3 . 56 2 . 9 7 
* * *  

3 . 2 8 3 . 21 
ns 

3 . 91 3 . 66 
* 

3 . 80 3 . 2 5 
* * *  

4 . 2 1  3 . 7 7 
* * *  

3 . 47 2 . 72 
* * *  

4 . 04 3 . 46 
* * * 

0 

2 . 70 

2 . 99 

2 . 70 

3 . 46 

2 . 71 

3 . 19 

2 . 5 2 

3 . 2 3 

3 . 14 

3 .  71 

3 . 30 

3 . 92 

2 . 99 

3 . 66 

Nitrogen treatmentt CV 

56 112 224 448 45xl0 Grass (%) 
Autumn-winter 

2 .  60 2 . 64 2 . 64 2 . 7 3 2 . 61 
ns ns ns ns ns 8 

3 . 11 2 . 96 3 . 09 3 . 0 6  2 . 9 2 2 . 94 
ns ns ns ns ns 6 

2 . 67 2 . 82 2 . 74 2 . 79 
ns ns ns ns ns · 8 

3 . 39 3 . 53 3 . 61 3. 6 6  3 . 5 3 3 . 2 1 
ns ns ns ns ns * 7 

2 .  61 2.  7 7  2 .  71 3 . 0 2  2 . 82 
ns ns ns * *  ns 7 

3 . 2 1  3 . 2 9 3 . 2 1 3. 3 7  3 . 56 2 . 9 7 
ns ns ns ns * *  * 6 

2 . 5 5 2 . 66 2 . 82 2 . 79 2 . 7 7 
ns ns ** * *  * 6 

3 . 18 3 . 24 3 . 41 3 . 3 7  3 . 39 3 . 02 
ns ns ns ns ns * 5 

Winter-spr ing 

3 . 2 3 3 . is 3 . 2 1 3. 3 9  3 . 34 
ns ns ns * *  * 5 

3 . 78 3 . 80 3 . 66 4. 1 8  3 . 81 3 . 5 5 
ns ns ns * *  ns ns 7 

3 . 50 3 . 53 3 . 45 3 . 72 3 . 62 
ns * ns * * *' * 6 

3 . 99 4 . 14 4 . 0 7  4 . 2 2  4 . 2 5  3 . 3 5  
·ns * ns * *  * *  * * *  5 

3 . 02 2 . 9 5 3 . 05 3 . 28 3 . 2 7  
ns ns ns * *  * 6 

3 . 6 5 3 . 75 3 . 90 4 . 0 6  4 . 1 6 3 . 0 7 
ns ns * * * *  * * *  * * *  4 
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TABLE 1 3" (Contd ) 

Defoliat ion Nitrogen treatmentT CV 

Grazed Cut 0 5 6  1 1 2  2 2 4  448 45xl0 Grass (%) 
SQr i ng-summer 

Year I 
Clover 3 . 62 3 . 00 3 . 2 1 3 . 3 1 3 . 32 3 . 26 3 . 52 3 . 2 6 

* * *  n s  ns ns ns ns 6 
Grass 3 . 73 3 . 12 3 . 48 3 . 46 3 . 44 3 . 34 3 . 64 3 . 61 3 . 02 

* * *  ns ns ns ns ns * * *  5 
Year I I  

Clover 2 . 90 2 . 1 6 2 . 3 7 2 . 66 2 . 5 2 2 . 52 2 . 52 2 . 59 
* * *  ns ns ns ns ns 11 

Grass 3 . 2 9 2 . 6 5 2 . 82 2 . 88 2 . 97 2 . 98 3 . 02 3 . o9 ·  2 . 99 
* * *  n s  ns ns ns ns ns 7 

Year I I I  
Clover 3 . 21 2 . 04 2 . 65 2 . 58 2 . 52 2 . 54 2 . 80 2 . 66 

* * *  n s  ns ns ns ns 10 
Grass 3 . 19 2 . 7 3 2 . 91 2 . 8 6 2 . 88 3 . 08 3 . 11 3 . 18 2 .  71 

* * *  ns ns ns ns ns ns 7 

Summer-autumn 
Year I 

Clover 2 . 94 2 . 60 2 . 73 2 . 88 2 . 81 2 . 68 2 . 67 2 . 85 
* * *  n s  ns ns ns ns 7 

Grass 3 . 59 3 . 09 3 . 41 3 . 5 6 3 . 43 3 . 20 3 . 19 3 . 50 3 . 0 7 
* * *  ns ns ns * ns * * *  5 

Year I I  
Clover 2 . 75 2 . 12 2 . 47 2 . 50 2 . 44 2 . 3 6 2 . 43 2 . 45 

* * *  ns ns ns ns ns 13 
Grass 3 . 34 2 . 78 3 . 1 7 3 . 01 3 . 0 7 2 . 85 3 . 13 3 . 20 2 . 98 

* * *  ns ns ns ns ns ns 11 
Year I I I  

C lover 3 . 44 1 . 96 2 . 70 2 . 56 2 . 80 2 . 75 2 . 66 2 .  7 1  
* * *  n s  ns ns ns ns 12 

Grass 3 . 98 2 . 8 6 3 . 47 3 . 3 5 3 . 43 3 . 3 6 3 . 51 3 . 6 5 3 . 19 
* * *  ns ns ns ns ns ns 9 

t See footnote to Table 8 



- 69 -

each of the four seasonal periods . 

( c )  Herbage magnes ium and calc ium contents 

Magnes ium and calcium level s  in herbage are reported 

in Tables 1 4  and 1 5 , and show s igni fic ant di fferences 

between defol iation treatments in both the clover and 

grass components of the swards .  A similar pattern of  

response was  exhibited in both el ements , with l evel s 

invariably lower in herbage from the grazed swards . 

For magnesium ,  this effect was expressed more 

consis tently in the gras s component of the swards , wi th 

reduced leve l s  ( 3  to 1 5% )  associated wi th grazing in one 

or more years over every seasonal period . Lower leve l s  

of magnes ium ( 4  to 1 6% )  i n  clover herbage from grazed 

swards were recorded only over winter-spring of the 

first two years , and over spring-summer and summer­

autumn of the final year . For calc ium , the influence 

of defoliation treatments was more consi s tent . Herbage 

from the gras s component of the grazed swards exhibited 

lower calc ium contents ( 6  to 2 5% )  in  two or more years 

over every s easonal period , whi l e  a simi l ar reduc tion ( 4  

to 14% )  was recorded in the clover c omponent in one or 

more years over every seasonal period . 

The influence of fertil iser nitrogen treatments on 

herbage magnes ium and c alcium l eve l s  was not pronounced 

under cool , moi s t  seasonal conditions . Over autumn-

winter , a small increase in the magnesium content of 

grass herbage from N448 was recorded in year I I ,  while a 

small reduction in clover magnes ium leve l s  was recorded 

from the same treatment in the final year . No 

s ignificant influence of nitrogen treatments on herbage 

magnes ium leve l s  was recorded over winter-spring in any 

year . The highest rate of ni trogen input resu lted in 

an inc reased c alc ium content of gra s s  herbage over autumn­

winter , but only in year I I . Relative to control , N448 

raised -the calcium content of grass herbage ( 7  to �/o ) 

over winter-spring , in all three year s , and clover 

herbage only in the first year . 

Under warm , dry c l imatic conditi ons , influences from 

the nitrogen fertiliser treatme nts were more pronounced . 
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TABLE 14 - Herbage magnesium contents (g Mg/100 g dry herbage ) ;  adjus ted 
means for main treatment effects 

Year I 
Clover 

Grass 

Year I I  
C lover 

Grass 

Year I l l  
C lover 

Grass 

Year IV 
Clover 

Grass 

Year I 
C l over 

Grass 

Year I I  
C lover 

Grass 

Year I l l  
C lover 

Grass 

Defol iation 

Grazed Cut 

0 . 2 7 0 . 2 7 
ns 

0 . 2 2 0 . 2 2 
ns 

0 . 30 0 . 2 9 
ns 

0 . 2 5 0 . 2 6 
* *  

0 . 2 7  0 . 2 8 
ns 

0 . 2 1 0 . 23 
* 

0 . 29 0 . 2 9 
ns 

0 . 2 1 0 . 2 3 
* * *  

0 . 2 8 0 . 2 9 
* 

0 . 2 3 0 . 2 3 
ns 

0 . 2 7  0 . 30 
* *  

0 . 2 2 0 . 24 
* 

0 . 2 7 . 0 . 2 8 
ns 

0 . 2 1 0 . 2 3 
ns 

Nitrogen treatmen tt 

0 5 6  1 1 2  

Autumn-winter 

0 . 2 6 0 . 2 7 0 . 28 
ns ns 

0 . 2 2 0 . 21 0 . 2 3 
ns ns 

0 . 29 0 . 2 8 0 . 30 
ns ns 

0 . 2 5  0 . 2 5 0 . 2 5 
ns ns 

0 . 2 8  0 . 2 7 0 . 2 7  
ns ns 

0 . 2 2 0 . 2 2 0 . 2 2 
ns ns 

0 . 30 0 . 30 0 . 2 9 
ns ns 

0 . 2 2 0 . 2 3 0 . 2 2 
ns ns 

Winter-spring 

0 . 2 8 0 . 2 8 
ns 

0 . 2 3 0 . 2 3 
ns 

0 . 30 ' 0 . 2 8 
ns 

0 . 2 3 0 . 2 2 
ns 

0 . 2 9  0 . 2 7  
ns 

0 . 2 1  0 . 20 

ns 

0 . 29 
ns 

0 . 2 3 
ns 

0 . 28 
ns 

0 . 2 3 
ns 

0 . 2 9 
ns 

0 .  20 

ns 

224 448 

0 . 2 7  0 . 2 7 
ns ns 

0 . 2 2 0 . 2 1 
ns ns 

0 . 31 0 . 29 
ns ns 

0 . 2 6  0 . 2 7  
ns * 

0 . 2 8 0 . 2 7  
ns ns 

0 . 2 3  0 . 2 2  
ns ns 

0 . 29 0 . 2 6  
ns * * *  

0 . 2 2  0 . 2 1  
ns ns 

0 . 2 8 0 . 2 8  
ns ns 

0 . 2 1 0 . 2 3  
ns ns 

0. 2 7  0 . 2 8  
ns ns 

0 . 2 3  0 . 2 4 
ns ns 

0 . 29 0 . 2 6  
ns ns 

0 . 20 0. 2 4  

ns ns 

CV 

45xl0 Grass (%)  

0 . 2 7 
ns 7 

0 . 2 2 0 . 21 
ns ns 7 

0 . 2 9 
ns 6 

0 . 2 6 0 . 24 
ns ns 6 

0 ; 28 
ns 5 

0 . 2 3  0 . 2 1 
ns ns 7 

0 . 2 9 
ns 4 

0 . 2 1 0 . 2 2  
ns ns 8 

0 . 29 
ns 4 

0 . 2 3 0 . 24 
ns ns 8 

0 . 28 
ns 4 

0 . 2 3  0 . 2 3  
ns ns 7 

0 . 2 6 
ns 9 

0 . 2 3 0 . 2 4 

ns 13 
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TABLE 14 (Contd ) 

Defol iation Nitrogen treatment T CV 

Grazed Cut 0 56 112 224 448 45xl0 Gras s (%)  ----
Spr inq_::§__ummer 

Year I 
C lover 0 . 3 3 0 . 3 3 0 . 3 3 0 . 3 1  0 . 34 0 . 31 o .  34 0. 3 3  

ns ns ns ns ns ns 4 
Grass 0 . 2 6 0 . 2 6  0 . 2 6 0 . 2 5  0 . 2 6 0 . 2 6 0 . 2 8 0 . 2 8  0 . 2 4 

ns n.; ns ns * n s  ns 8 
Year I I  

Clover 0 . 3 7 0 . 40 0 . 40 0 . 3 8  0 . 3 7 0 . 39 0 . 40 0 . 3 8 
ns n s  n s  ns ns n s  1 1  

Grass 0 . 3 1 0 . 3 2 0 . 3 2 0 . 30 0 . 3 2 0 . 3 2 0 . 3 2 0 . 3 1 0 . 3 1 
ns ns ns ns ns n s  ns 10 

Year I I I  
Clover 0 . 34 0 . 40 0 . 3 7 0 . 3 6 0 . 40 0 . 3 6 0 . 3 6 0 . 3 5  

* *  n s  ns ns ns n s  1 3  
Grass 0 . 24 0 . 2 8  0 . 2 7 0 . 2 6 0 . 2 5 0 . 2 6 0 . 2 7 0 . 2 5 0 . 2 7  

* * *  n s  ns ns ns n s  n s  12 

Sununer -autumn 
Year I 

Clover 0 . 3 5 0 . 3 6 0 . 3 6 0 . 3 5 0 . 3 6 0 . 3 5 0 . 3 6 0 . 3 6 
ns ns ns ns ns ns 4 

Grass 0 . 3 6 0 . 3 7  0 . 3 6 0 . 3 5 0 . 3 7 0 . 3 7 0 . 38 0 . 3 7 0 . 3 5 
* ns ns ns * ns ns 4 

Year I I  
Clover 0 . 3 2 0 . 3 4  0 . 30 0 . 3 2 0 . 3 3 0 . 3 6 0 . 32 0 . 3 2 

ns ns ns ns ns ns 9 
Grass 0 . 42 0 . 45 0 . 40 0 . 43 0 . 44 0 . 49 0 . 50 0 . 51 0 . 31 

ns ns ns ns * *  * * *  14 
Year I I I  

Clover 0 . 28 0 . 3 2 0 . 2 9 0 . 30 0 . 2 9 0 . 30 0 . 31 0 . 3 1 
* * *  ns ns ns ns ns 7 

Grass 0 . 3 1 0 . 3 6 0 . 3 3 0 . 3 5 0 . 3 5 0 . 31 0 . 3 6 0 . 34 0 . 30 
* * *  ns ns ns * *  ns * 8 

t See footnote to Table 8 
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TABLE 1 5 - Herbage calc ium contents ( g  Ca/100 g dry herbage ) ;  adj usted 
means for rnain treatment ef fec ts 

Defo l i at i on N i.tr�gen treatment t CV 

Year I 
C lover 

Grass 

Year I I  
C l over 

Grass 

Year I l l  
C lover · 

Grass 

Year IV 

C lover 

Grass 

Year I 
C l over 

Grass 

Year I I  
C lover 

Grass 

Year I l l  
Clover 

Grass 

Grazed Cut 

1 . 2 7 1 . 2 1 
n s  

0 . 60 0 . 5 8 
n s  

l .  20 l .  29 
* 

0 . 59 0 . 70 
* * *  

1 . 2 3 1 . 2 7 
ns 

0 . 54 0 . 58 
* *  

1 . 18 1 . 2 7  
* *  

0 . 49 0 . 5 6 
* * *  

1 . 3 7 1 . 44 
* *  

0 . 64 0 . 63 
ns 

1 . 2 5 1 . 36 
* * *  

0 . 60 0 . 64 
* 

l .  29 1 . 43 
* * *  

0 . 58 0 . 64 
* * *  

0 

l .  2 5  

0 . 60 

l .  2 3  

0 . 62 

l .  25 

0 . 5 5 

1 . 1 7 

0 . 54 

1 . 3 7 

0 . 64 

1 . 30 

0 . 61 

l. 3 3  

0 . 61 

5 6  1 1 2 

·
Autumn -wj nter 

l .  2 6  1 . 24 
n s  n s  

0 . 58 0 . 58 
11'3 ns 

1 . 16 l .  23 
n s  ns 

0 . 62 0 . 61 
n s  n s  

1 . 20 l .  2 3  
n s  ns 

0 . 54 0 . 5 7 
n s  n s  

1 . 2 3 l .  21 
n s  ns 

0 . 54 0 . 52 
ns ns 

Winte r - spring 

l .  39 l .  34 
n s  ns 

0 . 63 0 . 60 
ns * 

l .  2 8  1 . 2 4 
n s  * 

0 . 5 7 0 . 56 
n s  ns 

l .  34 1. . 3 2 
n s  n s  

0 . 60 0 . 59 

ns ns 

224 448 45xl0 Grass (%}  

1 . 2 6 1 . 20 l .  23 
ns ns ns 7 

0 . 6 7 0 . 56 0 . 57 o . ss ·  

ns ns ns ns 9 

l .  26 l .  29 1 . 29 
ns ns ns 7 

0 . 6 5 0 .  72 0 . 68 0 . 58 
ns * *  * ns 8 

l .  2 6  1 . 2 5 l .  31 
ns ns ns 6 

0 . 59 0 . 58 0 . 59 0 . 49 
ns ns ns * *  8 

l .  23 l .  24 l .  2 7  
ns ns ns 6 

0 . 5 2 0 . 53 0 . 54 0. 49 
ns ns ns ns 7 

1 . 41 1 . 46 1 . 46 
ns * *  * 3 

0 . 64 0 . 70 0 . 66 0 . 62 
ns * ns ns 7 

1 . 2 7 l .  36 l .  39 
ns ns ns 5 

0 . 63 0 . 66 0 . 6 5 0 . 61 
ns * ns ns 8 

1 . 34 1 , 44 l .  37 
hs ns ns 6 

0 . 62 0 . 66 0 . 64 0 . 55 

ns * ns * * * 6 
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TABLE 1 5  (Contd ) 

Defoliation Nitrogen treatmentt CV 

Grazed Cut 0 5 6  1 1 2  2 24 448 45xl0 Grass (% ) 
S,Ering-surruner 

Year I 

Clover 1 . 47 1 . 49 1 . 44 1 . 43 1 . 45 1 . 49 1 . 5 7 1 . 49 
ns ns ns ns *** ns 5 

Grass 0 .  71 0 .  7 1  o .  7 1  0 . 69 0 . 67 0 .  72 0 . 7 7 0 . 81 0 . 63 
ns ns ns ns ns * *  ** 7 

Year I I  

C lover l .  70 1 . 90 l .  64 l .  68 l .  78 1 . 83 1 . 97 1 . 91 
* * *  ns * * *** ** 7 

Grass 0 . 67 0 . 79 0 . 74 0 . 68 0 .  70 0 .  72 0 . 80 o .  77 o. 70 
* * *  ns ns ns ns ns ns 9 

Year I I I  

Clover l .  5 5  l .  79 1 . 5 6 l .  58 l. 68 l. 70 l .  76 l .  73 
* * *  ns ns ns ns ns 8 

Grass 0 . 60 0 . 76 0 . 74 0 . 66 0 . 62 0 .  71 0 . 75 0 . 66 0 . 61 
* * *  ns * *  ns ns ns *** 10 

Surruner-autumn 
Year I 

C lover 1 . 46 l .  5 2  1 . 49 1 . 47 1 . 45 1 . 45 1 . 49 1 . 58 
* ns ns ns ns ns 5 

Grass 0 . 78 0 . 83 0 . 81 0 . 79 0 .  79 0 . 81 0 . 82 0 . 87 0 . 6 7 
* *  ns ns ns ns * ** 6 

Year I I  

Clover 1 . 41 1 . 49 1 . 40 l .  3 8  1 . 43 1 . 42 l .  52 l. 54 
. * * *  n s  ns ns ** * * * *  4 

Grass 1 . 0 5 1 . 1 3 1 . 0 8 1 . 0 2  1 . 0 7 1 . 17 1 . 28 l. 2 9  0 .  71 
* ns ns ns ** * *  * * *  10 

Year I I I  

Clover l .  3 9  l .  6 1  1 . 39 1 . 48 1 . 41 1 . 45 1 . 63 1 . 61 
* * *  n s  ns ns * * *  * 9 

Grass 0 . 66 0 . 88 0 . 73 0 . 83 0 . 79 0 .  77 0 . 81 0 . 85 0 . 64 
* * *  * ns ns ns * * 9 

t S ee footnote td Table 8 
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Rel ative to control , grass  herbage from the N448 swards 

contained more magnesium ( 6  to 24% )  over summer-autumn in 

all years , with a small increase recorded over spring­

summer only in year I .  No signi ficant influence on 

clover magnes ium levels was recorded over these periods . 

By contras t ,  the highes t  level of nitrogen input 

increased the calcium content of clover herbage ( 9  to 

20% )  in two of the three years , over both spring- summer 

and summer-autumn , but resulted in a smal l increase in 

gras s herbage in summer- autumn of year I I  only . 

A lower magnesium content was recorded in herbage 

from the pure grass swards , rel ative to the grass 

component of control , over summer- autumn in years I I  and 

I l l . With the exception of one measurement peri od , 

herbage from the pure grass swards exhibited lower 

c alc ium levels than did grass from NO , with this 

difference significant only in year I l l  over au tumn­

winter and winter-spring , but quite marked over the 

remaining seasonal periods . 

4 Soil ' Quick tes t 1 Measurements 

Soil phosphate , potas s ium ,  magnes ium and calcium 

levels , and soil pH , are presented in Table 1 6 .  

Over the duration of the experiment ,  available 

phosphate increased under graz ing but remained unchanged 

( NO ) or decl ined ( N448 ) where herbage was continually 

cut and removed . S imil arly , soil potas s ium s tatus 

either increased ( NO ) or remained unchanged ( N448 ) under 

graz ing , while fal l ing dramatically under cutting . 

Tes t  values for magnes ium fell between the s tart and 

finish of the study , in all but the grazed control 

treatment . Soil c alc ium level s were relatively 

unaffected by treatments ,  exhibiting a smal l decl ine 

over the course of the experiment . Soil pH was the one 

parameter on which ni trogen fertiliser treatments 

exerted a marked effec t .  Use of ni trogen at the 

heavies t rate lowered soil pH by 0 . 5 uni ts , while i t  

remained unchanged ( grazed ) o r  fell only 0 . 1 7 units 

( cut ) in the control treatment ,  over the course of the 

experiment . 
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TABLE 16- soil 1 Quicktes t '  values ;  me:ans from treatments NO and N448 , 
sampled on commencement and completion of the experiment 

Table of means 

Main effects Grazed Cut 

NO N448 NO N448 

( a )  Phosphate 
Grazed .Y§. Cut 

* * *  
NO N448 S tart 18 . 50 2 2 . 7 5  2 0 . 75 2 3 . 7 5 VS 

ns Finish 2 9 . 7 5  3 2 . 00 19 . 2 5 1 6 . 50 
Start vs Finish d 4 . 54 

* 0 . 0 5 

( b )  Potass ium 
Grazed vs Cut 

* * *  
NO vs N448 Start 13 . 2 5 12 . 75 10 . 2 5 13 . 75 

ns Finish 1 5 . 50 13. 50 6 . 50 6 . 2 5 
S tart vs Finish d 2 . 02 

* * *  0 . 0 5 

( c )  Magnesium 
Grazed .Y§. Cut 

ns 
NO N448 Start 34. 2 5  34. 7 5  3 5 . 50 3 8 . 2 5  

.Y§. 
ns Finish 3 3 . 00 28. 0 0  2 9 . 50 2 6 . 00 

Start � Finish d 4 . 7 7  
* * *  0 . 0 5 

( d )  Calcium 
Grazed VS Cut 

ns 
NO N448 S tart 1 3 . 50 14. 2 5  14. 00 13 . 2 5  

.Y§. 
ns Finish 1 2 . 50 1 3 . 00 13 . 50 13 . 00 

Start VS Finish d 1 . 06 
* *  0 . 0 5 

( e )  pH ( 10 soil : 2 5 water ) 
Grazed VS Cut 

ns 
NO N448 S tart 6 . 2 5 6 . 3 3 6. 30 6 . 3 3  VS 

* * *  Finish 6 . 2 8 5 . 83 6 . 13 5 . 80 

Start .Y§. Finish d 0 . 14 
* * *  0 . 0 5 
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5 Apparent DM I ntake and Diges tibil i ty of Herbage 

Treatment means for apparent dry herbage intakes 

over each ful l year of the experimen t ,  and for DM 

diges tibility estimates at each of the 5 measurements ,  

are reported in Table 1 7 .  

Differences among nitrogen treatments in apparent 

dry herbage intakes were recorded only in the f ina l 

year . Relative to control , apparent daily intakes were 

higher for sheep grazing the N448 swards , and lower for 

those on the pure gras s swards . No difference in DM 

diges tibility es timates was recorded for the mixed 

herbage from the grazed NO , Nll2 and N448 swards , at any 

of the 5 s ampl ings . 

D DISCUSSION 

1 Nitrogen Yields ,  Total and Nitrate Nitrogen Levels 

in Herbage 

Large yields of herbage ni trogen were a feature of 

thi s  s tudy , with annual total s averaging 655 and 545 kg 

N/ha from the grazed and cut swards respectively ( 7 5 5  and 

560 kg N/ha from treatme nts N448 and NO respec tively ; 

Table 10 ) .  These values are high in rel ation to those 

reported from comparable s tud ies , and are cons idered to 

tes tify to the high soil fertil ity s tatus and equitable 

cl imate at the site . 

S imilarly high values were recorded by Sears  and eo­

workers in previous s tudies at Palmers ton North ( Sears 

1 9 5 3 a ;  Sears  et al . 1 9 6 5a ) . They reported thre e-year 

averages for herbage total nitrogen yield from mixed 

swards receiving bas al ferti l i s ers , of 590 and 640 kg N/ 

ha/an , where ' no return ' and ' full return ' of dung and 

urine were practi sed respectively ( Melville & Sears 1 9 5 3 ) .  

However , thos e  swards were at an early s tage of 

development , with protein-rich cl over herbage 

contributing over 7�h of total herbage nitrogen yield 

from the ' no return ' sward and almost 5�h under ' full 
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TABLE 17 - Apparent dry herbage intakes (kg DM/sheep-day ) over the thr ee 
years of the experiment , and dry matter diges tibi l ity (% ) es timates for 

mixed herbage a t  5 harvests over mid spring-summer in the final year 

( a )  Apparent dry herbage intakes 

Nitrogen treatmentt d 

0 5 6  1 1 2  2 2 4  448 45xl0 Grass 0 . 05 

Year I l .  5 3  l .  50 l .  52 1 . 5 3 l .  59 1 . 5 5 1 . 48 
ns ns ns ns ns ns 

Year I I  1 . 46 l .  61 1 . 52 l .  54 l.  59 l .  5 3  1 . 43 
ns ns ns ns ns ns 

Year I I I  l .  9 1  1 . 90 1 . 84 1 . 99 2 . 08 2 . 02 l .  51 
ns ns ns * ns * * * 0 . 15 

(b ) DM digestibil it y  es timates 

Nitrogen t treatment 

0 1 1 2  448 

2 2  Oc t .  7 2 . 3  71 . 9  71 . 4  
ns ns 

19 Nov. 7 7 . 0  75 . 9  7 5 . 0  
ns ns 

14 Dec . 7 3 . 5  71 . 9  73 . 4  
ns ns 

2 1  Jan . 5 8 . 2  5 5 . 1  5 6 . 3  
ns ns 

3 Mar . 6 5 . 7  6 3 . 0  63. 7 
ns ns 

f See footnote to Table 8 

0 . 001 

0 . 2 8 
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r eturn • . In the present experiment , clovers contribu ted 

44% of total herbage nitrogen yiel d ,  on aver age , from 

the control swards . Over the final three years of a 

l ater study in this  locality ( Sears et al . 1 9 6 5a ) , total 

herbage nitrogen yield averaged 510 kg N/ha/an from a 

repeatedly cut , mixed sward receiving basal ferti l i sers . 

Again , clovers made the ma jor contribution to total 

ni trogen yield . 

In reviewing ni trogen bal ances for pas tures , under 

conditions prevail ing in southern Engl and , Wh itehead 

( 19 70 ) estimated an annual yield of 200 kg N/ha in mixed 

herbage from a repeatedly cut , grass-clover sward 

receiving no fertili ser ni trogen . His corresponding 

e s timate for dietary intake of nitrogen by dairy cows 

graz ing such a mixed pas ture was 245 kg N/ha/an . Watkin 

( 19 5 4 )  reported nitrogen yields in mixed herbage following 

his s tudy in the United Kingdom . Nitrogen yields were 

generally higher in the s econd year , when the maximum 

recorded was 3 5 5  kg N/ha , from a treatment receiving 

dung and urine return plus almost 3 50 kg N/ha as l ime-

ammonium nitrate . The corresponding figure for 

repeatedly cut gras s-clover control , receivi ng no 

' re turn • and no fertil is er ni trogen , was 160 kg N/ha/an 

( loc . cit . ) .  In a subsequent s tudy into produc tion 

from mixed pastures in C anterbury ,  Watkin ( 196 2 ) reported 

higher total herbage ni trogen yields from a gangmown 

sward ( 300 to 400 kg N/ha/an ) than from its grazed 

counterpart ( 2 30 to 2 9 5  kg N/ha/an ) .  I n  a recent s tudy 

of nitrogen relationships in developed pas tures th roughout 

New Zealand ( Hoglund et al . l9 79 ) , the annual turnover of 

nitrogen in measured herbage averaged 430 kg N/ha ( range 

2 50 to 690 , among 8 climatically diverse s i tes ) in grazed , 

gras s-clover pastures receiving no fertil i ser nitroge n .  

The average figure recorded a t  the Palmers ton North s i te 

duri ng that s tudy was 470 kg N/ha/an (Brock & Hoglund 

1 9 7 9 ) .  

I t  is concluded that rel atively high nitrogen 

yields were measured in the mixed herbage from control 

swards in the present s tudy . However ,  responses to 

fertili s er ni trogen in terms of both dry herbage 
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( Sec tion I I , Table 3 )  and c rude protein yields ( Table s  

1 0  & 1 1 ) show that this  gra s s-clover as sociation was 

still suffering nitrogen s tres s . On average , total and 

gras s herbage nitrogen yields increased wi th increasing 

rate of nitrogen input dur ing all three seasons when l ime­

ammonium nitrate was used ( Fig . 5 ) .  Appl ication of 

448 kg N/ha/an increased annual total herbage ni trogen 

yield by almost 200 kg N/h a ,  or 3 5% over control , on 

average over the three-year s tudy period ( Table 10 ) .  

To fac i l itate discussion of mai n treatment effec ts on 

the yield and content of herbage ni trogen , including 

developments over the course of the experiment , 

treatment means have been brought together in Fig . 6 .  

Values are expressed in the ratio Grazed : Cut and N448 : NO 

( or NO : Grass ) ,  wi th values above equivalence indicating 

superiority of the Grazed , N448 ( or NO ) treatme nt .  

Dead herbage made only a minor contribution to total 

ni trogen yield ( 2  to 5% from grass-clover swards on an 

annual basis ; Tabl e 10 ) .  As it  was considered that 

dead herbage yields measured under grazing may have been 

infl ated as an arti fact of the herbage measurement 

technique ( Sections I I , B ,  3 & I I , D ,  1 )  those data are 

not included in Fig .  6 ,  nor in the following figure . 

( a )  Defol iation treatments 

I t  was expected that ni trogen relationships would 

have been substantially different between grazed and cut 

swards .  With dry sheep as defol iators , nitrogen 

removal in animal products from the grazed swards would 

have been negl igible ; perhaps 2 0  kg N/ha/an ( Whitehead 

1970 ; Henzel l & Ross 1 9 7 3 ) .  By contras t ,  some 540 kg 

N/ha was removed on average each year , in materi al 

harves ted from the cut swards . 

Total herbage nitrogen yield measured in the grazed 

swards was 18 to 2 2% greater than tha t recorded from the 

cut swards ( Fig . 6 ) .  This  treatment di fference was 

signi f icant in each of the three years ( Table 10 ) ,  and 

was fairly cons i s tent throughout the s tudy . Rel ative 

to cut swards , clover nitrogen yield from the grazed 

swards decreased while grass  nitrogen yield increased , 
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FIGURE 6 - Annual mean herbage nitrogen yiel d s  and 

weigh ted herbage ni trogen contents , expres s ed as 

the r atios Grazed : Cu t  and N448 : NO ( or NO : Gr a s s ) ,  

throughout the experiment ( broken line indi c ates 
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over the course of the experiment ( Fig . 6 ) . From near 

equival ence between defoliation treatments in year I ,  

clover nitrogen yield decl ined rel atively in the grazed 

swards . Inspection of the yield data ( Tabl e 10 } 

reveal s that a progressive decl ine , in absolute terms , 

took place in yearly clover nitrogen yield from grazed 

swards rather than an increase from the cut swards . 

This treatment di fference was s igni fic ant in year I I I . 

The superiority of grazed gras s over cut grass in 

herbage ni trogen yield ( Fig . 6 }  became more pronounced 

over time , increas ing from 2 0% in year I to 3 �h in the 

final year . I nspection of the treatment means 

( Table 10 ) reveal s that while this treatment di fference 

was signi ficant each year , decl ining ni trogen yiel d in 

cut grass contributed to the rel ative di fference , 

especially in year I I . 

Weighted means for the total nitrogen content in 

herbage from the clover and grass components of the 

swards are included in Fig . 6 .  Treatment influences 

wi thin individu al seasons are reported in Table 8 ,  but 

no s tati s tical analyses were c arried out on the weighted 

means . Graz ing l ed to a minor increase (4% )  in the 

ni trogen content of clover herbage 1 but only in the first 

year . Grass from the grazed swards exhibited a higher 

nitrogen content than that from cut swards � up �h over 

year I and 4% over the second and third years . These 

results show that a significan t  part of the el evated 

total nitrogen yield , which resulted from grazing in the 

firs t year , aros e  from a higher nitrogen content in the 

sward constituents , particul arl y  the gras s componen t .  

I n  subs equent years , however , the higher gras s and total 

nitrogen yields more directly reflected the superior dry 

herbage yields measured under grazing ( Section I I , Table 

2 ) .  

Cyc l ing of inges ted nutri en ts i s  a widely accl aimed 

benefit attributed to animal s grazing pasture , and is  

considered important in effecting the trans fer of 

symbiotical l y-fixed nitrogen from clovers to assoc iated 

grasses , as discussed previously in this  report ( Sections 



- 7 5  -

I ,  2 �  I I , A ,  & II I ,  A) . Walker ( 1 9 5 6 a ,  b )  con j ec tured 

that the influence of grazing animal s on sward 

composi tion and per formance could be vi ewed as a 

s traightforward response to ni trogen . Consequen tl y ,  

the rel atively minor influence of grazing on grass  and 

total herbage ni trogen yields encountered in this s tudy 

was somewhat surprising.  Over the first year , the 

comparison between defol iation methods was not 

complicated by treatment dif ferences in clover yield . 

Yet total herbage ni trogen yield increased only 18% under 

graz ing that year , and a signi fi c ant part of that 

increase aro s e  from the higher ni trogen content of graz ed 

gras s .  Obvi ousl y ,  apparent recovery of some 730 kg N/ha 

cycled by animal s was poor in the short term . On 

average over the three years , grazing increased ni trogen 

turnover in measured grass herbage by only 10 5 kg N/ha/ 

an , and in total herbage by 110 kg N/ha/an . Herbage 

measurements would indicate that the wethers inges ted an 

average 6 5 5  kg N/ha/an . Allowing 20 kg N/ha/an for 

removal by growth of the sheep , i t  is equally obvious 

that ni trogen recovery in herbage was poor over the 

longer term . Even i f  subs tanti al allowance were made 

for non-utilisation of measured herbage during grazing , 

indications are that apparent recovery in herbage of 

nitrogen recycled in animal excrement was no better th an 

2 0% ,  and poss ibly l ower , over the three-year s tudy period . 

Ni trogen rel ationships are considered in more detail in 

the following section ( IV )  of thi s report .  

( b )  Fertil i s er ni trogen 

There i s  little indi cation f rom the form of the 

averaged responses to increasing inputs of ferti l i ser 

nitrogen ( Fig . 5 )  th at thes e  relationships were 

curvil inear . Rather ,  annual averages and those from 

the three s easons when swards were receiving appl ied 

nitrogen , would indicate a directly proportional r esponse 

in all sward components , with the pos s ibl e excep tion of 

clover herbage nitrogen yield . Clearly , l arger total 

and grass herbage nitrogen yields could have been 

expected f rom heavier annual rates than 448 kg N/ha , 



- 76  -

under the condi tions of this experiment � 

To provide further general des cription of the 

fertil iser nitrogen respons es reco rded in the se grass­

clover swards , resul ts from the two treatment extremes 

are also compared in Fig . 6 .  Rel a tive to control , total 

herbage ni trogen yield from treatment N448 was gre ater by 

30 to 43% yearly .  I nspecti on of annual treatment means 

( Table 10 ) shows that the absolute increase was highly 

s igni ficant , and a fairly cons i stent 200 kg N/ha , e ach 

year . The peak proportional increase , 43% in year I I , 

refl ected the very dry condi tions and generally low dry 

herbage yields that prevailed ( Sec tion I I , Tabl es 1 & 3 ) .  

Treatment N448 exerted a pronounced effect on clover 

herbage ni trogen yields in the fi r s t  and final years . 

Relative to treatment NO these were depressed , achieving 

l ittle more than hal f the control yield in the final year . 

I nspection of the treatment means ( Tabl e 10 ) reveal s th a t  

the absolute reduc tion over years I and I I I  was not 

greatly di s s imil ar , 83 and 104 kg N/ha respectively ,  and 

highly signi ficant.  I ts influence on proportional 

reduction in the fir s t  year was considerably masked by 

the high yields of clover herbage ni trogen recorded th at 

year . The drop in rel ative clover herbage nitrogen 

yield attr ibutabl e to N448 in the intermediate year was 

not signi ficant , and smal l in abs olute terms , again 

reflecting the very dry weather . There was a mark ed 

difference between treatments in nitrogen yield from 

gras s herbage . Relative to contro l , it was almos t  

doubled from swards receiving treatment N448 , over al l 

three years ( Fig . 6 ) . In  the treatment means ( Tabl e  10 ) 

i t  can be s een that , while all the s e  responses were 

highly signi ficant , the absolute i ncrease under the drier 

conditions prevailing in year II was s omewhat less th an 

i n  the other two year s . 

Weighted means for total nitrogen content of c l over 

herbage ( Fig . 6 )  indicate that nitrogen treatments h ad 

only a minor effect . Values near equivalence were 

recorded in the fir s t  and final years , while the increase 

over control effected by treatment N448 in year II was 
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only 4% . I n  contras t ,  total nitrogen content of gras s 

herbage was always increased subs tantially by treabment 

N448 . Rel ative to control , the increase was 14% over 

year I ris ing progres s ively to 2 4% in the final year . 

Treatment means for individual seasons ( Table 1 1 ) show 

that this difference was signi ficant at all bu t one of the 

1 3  separate measurement periods . 

Treabment influences on total nitrogen content of 

herbage show that the rel ative e ffec t of treatment N448 

on clover herbage ni trogen yields was express ed almo s t  

entirely through influences o n  dry herbage yield . 

However , treabment di fferences in total nitrogen co ntent 

of grass herbage would have contribu ted to the highe r 

grass nitrogen yields recorded from N448 , hence to 

d i fferences in total herbage ni trogen yield , wi th thi s  

influence becoming more pronounced year by year . Wni l e  

treatment N448 increased annual total dry herbage yield 

by 20 to 2 5% over control ( Secti on I I ,  Table 3a & Fig . 4 )  

the corresponding increases  in herbage nitrogen yields 

were 30 to 43% .  

The increase i n  total herbage nitrogen yield 

averaged 195 kg N/ha/an , from an input of 448 kg N/ha/an . 

Apparent recovery in herbage of fertili ser ni trogen by 

thi s  grass-clover assoc i ation averaged 44%.  This is  a 

rel atively low figure . Walker and assoc iates (Walker e t  

al . 1 9 53 , 1 9 54 ) argued for 6 �/o recovery in grass herbage 

of fertil i s er ni trogen appl ied to mixed swards ,  throughout 

the linear portion of the nitrogen response curve . 

However , S teele ( 1 9 7 6 ) obs erved apparent recoveries o f  

only 3 3  and 5 6% from urea appl ied a t  lO O kg N/ha to 

ryegrass-wh i te clover pas tures at two sites in Northl and. 

As considered in the following section ( IV )  subs titution 

for symbiotic fixation by soil nitrogen uptake , in 

meeting the ni trogen r equirements for cl over growth , 

accounts in part for the low apparent recovery of 

fertil iser ni trogen recorded in thi s  s tudy . 

( c )  Pure grass  swards 

Included in Fig . 6 is  a compari son between 

treatments NO and Gras s , incorporating herbage nitrogen 

yields from the gras s component of both treabments and 
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weighted means for total ni trogen content and nitrate 

level in herbage . Relative to the cloverless treatment ,  

the total nitrogen content of gras s herbage from gras s ­

clover control was 14% greater i n  year I ,  4% in year I I  

and 10% over the final year ( Fig . 6 ) . These di fferences 

refle ct treatment e ffects recorded in individual 

seasons ( Tabl e 8 ) � signi ficant in all four seasons over 

year I ,  only two in the intermediate year , and in three 

seasons over the final year . Herbage ni trate level s  

were invariably higher i n  grass from control swards than 

in herbage from the cloverless swards ,  significantly so  

in 5 of the 9 measurement periods exclusive of winter­

spring ( Table 9 ) .  This treatment di fference i s  

reflected in the weighted means ( Fig . 6 ) .  Rel ative to 

herbage from the pure gras s  swards , grass from the mixed 

swards exhibi ted level s which were threefold in year I ,  

and about two-fold in the following years . Herbage 

nitrogen yield from the grass component of the mixed 

swards was 6% higher than that from the cloverl ess swards 

in year I ,  equal in year I I  and 2 2% higher in the final 

year ( Fig . 6 ) . Onl y the l ast of these di fferences was 

signi ficant ( Tabl e  10 ) ,  a resul t  effected by the greater 

nitrogen content in grass herbage from treatment NO , as 

dry herbage yields did not di ffer s igni ficantly between 

these two treatments in any of the thre e  years ( Section 

I I , Table 3a ) .  

I t  is  surpris ing that significant treatment 

differences in annual nitrogen yield from the grass 

component of thes e  swards did not develop until the 

final year . No s imple explanation i s  apparent . 

Herbage total and nitrate nitrogen contents were 

generally higher in grass from the mixed sward , 

indicating both greater soil nitrogen availabil i ty and 

less pronounced ni trogen s tress on gra s s  growth in the 

control treatment . As thi s  difference was not 

expressed in annual totals for dry herbage yield nor 

herbage ni trogen yield over the ini tial two years , the 

conclus ion appears inescapable that whi te clover 

res tric ted the yield of as sociated gras ses in some way . 
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The mos t  likely expl anation is  provided by treatment 

di fferences in sward characteristics . C ompared wi th 

control the cloverless  swards exhibited much denser 

grass popul ations , both ryegras s and other gras ses 

( Section I I , Tabl e 5 ) ; a di fference whi ch may have 

arisen through better light relationships at the base of 

the cloverl ess swards . In the absence of clover 

pl ants , the greater population of grasses would have 

been better abl e  to exploit soil ni trogen , and mois ture 

under dry condi tions . 

I t  is  obvious that the trans fer of symbiotically­

fixed ni trogen from clovers to associated grasses , at 

least in developed pas tures , is  not so s imple a proces s 

as previous ly thought ( Sears 1953c ; Sears & Melvill e  

1 9 5 3 ; Sears e t  al . 1 9 5 3 } .  These results give little 

support to the concept of ' direct transference ' from 

clovers to gras ses , as promoted by the Lincoln group 

(Walker 1956a ; Scott 1 9 7 3 ; Edmeades & Gob 1978 ) ,  and 

lend no support to the view that clover and grass  

ni trogen yields from a mixed sward are causally related 

over the same produc tion period (Walker e t  al . 1 9 54 } . 

I n  comparisons of production from grass-clover and 

cloverl ess swards ,  failure of gras s associates to benefit 

from the pres ence of clovers has been reported by 

several workers . S ears et al . ( 1953 } reported such a 

resul t  from their C anterbury s i te , following a fi eld 

trial of more than two ¥ears r duration . In a South 

I sl and high country s tudy , o • connor ( 1961 ) found that 

grass nitrogen yield was negatively correlated wi th 

clover ni trogen yield ; a result cons idered contrary to 

widely-held views . Where swards were adequately 

fertilised ( exclus ive of nitrogen } ,  gras ses were 

suppres s ed by vigorous clover growth in that one-year 

s tudy ( loc .  cit . ) .  Following a three-year field s tudy 

in Aus tralia,  Simpson ( 19 7 6 ) reported tha t  whi te clover 

did not increase the nitrogen yield of associated 

grasses until the s econd year , but reduced it through 

competi tive influences in the final year . In  field 

s tudies throughout Otago , S incl air et al . ( 19 7 7 } found 
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l i ttle advantage to ryegra s s  grown in separate 

associ ations wi th a variety of clover species . 

Initially,  clovers suppres s ed ryegrass nitrogen yield . 

During the third year , there was marginal evidence that 

ryegrass  benefi ted from its as soci ation with clovers at 

two of the three sites ( loc . ci t . ) .  

(d ) S easonal influences 

To provide a general description of seasonal 

influences on main treatment effects , means have been 

averaged within seasonal periods over years , for herbage 

nitrogen yields (Tabl e 1 1 ) ,  total nitrogen contents 

(Tabl e  8 )  and ni trate level s ( Table 9 ) . Again , results 

are expres sed as the ratios Grazed :Cut and N448 : NO ,  and 

are presented in Fig . 7 .  I t  should be appreciated that 

averaging in this  way has masked large between-years 

differences with in seasons . No s tati s tical analys es 

were c arried out on these seasonal averages . 

Both grazing relative to cutting and N448 relative 

to NO exerted their ma j or pos i tive influence on total 

herbage ni trogen yield over the winter-spring and 

spring- summer periods (Fig . 7 ) , but their relative 

influences on the ma jor contributors to total yield 

displayed a mirror- image relationship . On average , the 

benefit attributable to grazing over those period s , 

especially during spring-summe r , arose through 

s timul ation of clover yield , while the response 

attributable to N448 arose from a doubl ing of gras s 

nitrogen yield . These difference s  in reaction by the 

principal sward components , to graz ing and a heavy rate 

of nitrogen input ,  again indicate that the influence of 

grazing animal s on sward performance cannot be viewed as 

a straightforward response to nitrogen , as sugges ted by 

Walker ( 19 56a ) . Clover suppre s s ion under grazing over 

the summer-autumn and autumn-winter periods ( Fig . 7 )  

most probably reflects selective defol iation of clovers 

under s easonally dry condition s , with a follow-on effect 

into early winter ( Brougham & J ackman 1 9 74 ) . The 

marked s timulation of grasses i n  the nitrogen-treated 

swards during winter- spring and spring- summer , and 
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FIGURE 7 - S easonal averages for herbage nitrogen 

yields and herbage ni trogen contents , expressed 

as the r atios Grazed : Cut and N448 : NO ( broken 

l ine indi cates equivalence ) 
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cons equent shading of clover ( Donald 1 9 6 3 ) , almost 

certainly accounts for the pronounced suppres sion of 

clover yield by N448 over those per iods (Fig . 7 ) .  

The relative influence of grazing and N448 on 

seasonal averages for total nitrogen c ontent of clover 

herbage was minor ( Fig . 7 ) . Grazing exerted a smal l 

pos itive influence on grass ni trogen c ontent over winter­

spring and summer-autumn . Relat ive to control , 

tre atment N448 exerted a subs tantial positive influence 

on ni trogen content of gras s herbage over both winter­

spring and spring- summer . 

Relative nitrate level s in clover herbage were 

higher in grazed than cut swards ,  and p eaked over spring­

summer ( Fig . 7 ) .  However , the y exhibi ted a more 

pronounced peak in swards receiving treatment N448 , over 

winter- spr ing and spring- summer . Then , levels were , 

respectively,  1 1  and 7 times those recorded in clover 

herbage from control swards .  Absolute values for 

herbage nitrate levels were much higher in grass than 

clover ( Tabl e 9 ) . Ni trate levels in gr azed grass were 

higher than those in gras s from cut swards , but 

displ ayed no dis tinc t seasonal peak . Treatment N448 

exer ted a ma jor pos itive influence on average grass 

herbage ni trate l evels recorded over winter- spring and 

spr ing- summer . Respective level s were 8 and 6 times 

those measured in grass herbage from control swards over 

those two seasonal periods . 

Viewed col l ec t ively , these results point to rel ative 

adequacy of soil nitrogen over the main growing season 

for grasses , in swards sub j ected to treatment N448 . Not 

only were both total and nitrate ni trogen contents of 

gras s herbage increased over the mid winter- spring-mid 

summer period , but ni trogen yield in gra s s  herbage from 

the nitrogen- treated swards was al so doubled . On the 

other hand , grass ni trogen yield from gra zed swards 

appears to have been res tric ted by nitrogen s tre s s , 

evidenced by the rel atively minor influence of grazing on 

total and nitrate ni trogen levels in gras s herbage , in 

spite of the very l arge amounts of nitrogen redi s tributed 
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in animal urine and dung . 

( e )  Total nitrogen l evels in herbage 

A feature of results was the rel ative insens i tivity 

of total nitrogen content in clover herbage to subs tantial 

changes in external ni trogen supply .  Whether thi s  was 

effected through defol iation treatment or fertiliser 

ni trogen ( Table 8 & F ig .  7 ) ,  any increas e was small and 

inconsi s tent . Inspect ion of treatment me ans for total 

and nitrate ni trogen l eve l s  in clover herbage ( Tables 8 

& 9 )  reveals that in those ins tances where treatment 

d i fferenc es occurred in total ni trogen content , much or 

all of the difference could be accounted for by 

corresponding treatment effects on nitrate ni trogen 

leve ls . 

The ' critical level ' propos ed for total ni trogen in 

white clover by McNaught ( 1 9 70 ) is 5% N ( range 4 . 5 to 

5 . 5 ) .  I nspection of the data in Tabl e 8 shows that 

the mean critical level was only attained 1n two individual 

measurements . I n  mos t cas es values did not even reach 

the lower value of the range , sugges ting that the 

di agnos tic values are too high for fi eld-grown white 

clover . However ,  against this  view mus t  be weighed 

other publ ished values . For white clover herbage s ampled 

over the main growi ng s eason , Walker et al . ( 19 5 3 ) 

reported weighted means of 4 . 1 to 4 . 5% N,  with no 

apparent influence of fertiliser ni trogen on values 

measured . Melvi lle & S ear s ( 1 953 ) reported weigh ted 

annual means for total ni trogen in clover herbage from 

mixed swards receiving fertilisers , of 4 . 8  to 5 . �/o N. 

S imilarly high values ( 4 . 9  to 5 . 4% N) were reported for 

clovers in a mixed sward in C anterbury ( Watkin 1962 ) .  

However , direct comparis on wi th present result s  is not 

pos s ible , as in both thos e  c ases the herbage comprised a 

mixture of red and wh ite clover s .  From the Uni ted 

Kingdom , Brockman et al . ( 19 7 0 ) reported weighted annual 

means of 4 . 4 to 4 . �/o N for S . lOO white clover growi ng in 

mixed swards subj ected to a range of phosphate and 

potas s ium treatments . I n  clover herbage s ampled from 

grazed pastures at 5 s i tes in the lower North I sl and , 
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Metson & S aunders ( 1 9 7 8b )  measured values above 5% N 

over al l s easons excep t summer .  However , pasture 

management may have influenced clover type ( Will i ams & 

C ornege 1 9 7 9 ) . The total ni trogen content of herbage 

from smal l-l eaved , ' Kent i sh ' types is higher th an that of 

' G .  Huia ' white clover ( R . H .  Jackman , pers . comm . ) .  

The proposed cri tic al level for ryegrass herbage 

( McNaught 1 9 70 ) is 4 . 3% N ( range 4 . 0  to 4 . 5 ) .  Thi s  

value was exceeded a t  onl y one measurement ( Table 8 ) , i n  

the grass component from N448 swards i n  winter- spr ing of 

year I .  Unl ike that in clover , total nitrogen content 

in grass herbage did respond quite considerabl y to 

change s in external nitrogen supply ( Table 8 & Fig .  6 ) . 

Ye t the bulk of measured val ues fell bel ow the lower 

figure of the range , agai n  sugges ting that the diagnostic 

values are too high . Mean values for mixed gras s e s  

reported by Walker e t  al . ( 1 9 5 3 ) ranged between 2 . 3  and 

3 . 1% N ;  by Melville & Sears  ( 1 9 5 3 } ,  between 3 . 4  and 4 . 1 ;  

and by Watkin ( 1 962 ) ,  between 3 . 5  and 4 . 2% N ,  while 

total ni trogen reached 5% N over late wi nter , in mixed 

gras ses sampled from grazed pastures ( Metson & Saunders 

19 78b } . 

No explanat ion is  apparent for the rel atively low 

total ni trogen levels  encountered in herbage during thi s  

s tudy . Cl ean samples were separated by hand from bulk 

herbage for analyses . Analytical method was continual ly 

checked agains t reference s amples analysed in other 

laboratories . These values are cons idered valid . 

2 Mineral Characteri stics  of Herbage and Soil 

During the first year of thi s  s tudy colleagues from 

Soil Bureau , DSIR , monitored several chemical 

char acteristics of herbage , additional to thos e  repor ted 

here . Mixed herbage was s ampled at grazing s tage from 

the grazed swards of treatme nts NO , Nl l2 and N448 , and 

analyses were carried out fol lowing each of the 1 2  

regrowth periods that year . The influences o f  season and 

nitrogen treatments on herbage nitrogen and non- s truc tural 

carbohydrate fractions ( Ros s et al . 19 7 8 ) , and on fol i ar 
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l evel s  of higher fatty acids , magnesium ,  calcium, 

potass ium and phosphorus ( Mol loy et al . 1 9 7 8 ) have been 

r eported . �1ose two publ ications cons ider in some 

detail the pos sibl e impl ications of ni trogen treatment 

effects to animal health ,  especially the hypomagnes aemic 

tetany syndrome . That aspect will not be considered 

further in this pres entation . 

( a )  Phosphorus , pot assium, magnesium and calcium levels 

in herbage 

The main ob j ective in measuring herbage level s of 

these elements was to moni tor for pos s ibl e pl ant nutrient 

deficiencies other than ni trogen � in particul ar , the 

possibil ity of exhaus tion of some ma j or nutrien t  through 

the continual removal of herbage associated wi th the 

cutting treatment . Besides main treatment differences , 

some interes ting contrasts between seasonal effects and 

behaviour of the gras s and clover components o f  the swards 

are indicated among the data coll ected ( Tabl es 1 2 , 1 3 , 

14 & 1 5 ) . These wil l  not be considered in detail , as 

the design of this  experiment was not sui ted to allowing 

s eparation of the many pos sible influences which may 

have been involved in determining mineral compos i tion . 

Thes e include species , maturity of herbage , seaso n ,  

temperature , soil mois ture availabi lity (Whi tehe ad 1966 ) ,  

and their many pos s ible interactive effects . Seasonal 

variation in chemical c omposit ion of the gras s and 

clover components of New Zealand pastures was the sub j ect 

o f  an extensive survey ,  publ ished recently ( Metson & 

S aunders l 9 7 8 a ,  b ) . 

McNaught ( 19 70 ) publ ished cri tical l evels ,  or 

' minimum c oncentrations o f  nutrients in pl ant ti s sues for 

maximum yields ' ,  for both white cl over and ryegrass .  

The mean nutrient level s given (with ranges ) were for 

l ive herbage from actively growing plants at grazing 

heigh t , and based on s tudies in thi s country .  Those 

values ( McNaught 1970 ) have been used as the bas i s  for 

comparisons in the fol l owing discussion . 

The proposed mean c r itical l evel s for phosphorus 

( clover = 0 . 3 5 �  ryegrass  = 0 . 3 2% P )  were approximated 
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or exceeded at all measurements over autumn-winter and 

winter- spring , irrespec tive of treatment , in the present 

s tudy ( Table 12 ) .  Wi th the exception of spring- summer 

in the second year , pho sphorus levels  recorded in the 

grass component of thes e  swards over spring- s ummer and 

summer- aut umn approximated the mean critical level for 

ryegras s and always exceeded the lower value of that 

range ( 0 . 2 8 to 0 . 3 6% P ) .  In contras t ,  herbage from the 

clover component of these swards often exhibi ted a 

phosphorus content below the mean critical l evel for 

white clover , over this  seasonally warm , drier part of 

the year . In the cut swards , clover phosphoru s l evel 

was below the lower value of the range given for white 

clover ( 0 . 30 to  0 . 4�/o P )  during spring- summer of the 

l atter two years . McNaught ( 1 970 } pointed out that dry 

soil conditions greatly reduce the phosphorus conc entration 

in pasture pl ants , and c autioned agains t  sampl ing 

herbage for di agnostic purposes during prolonged dry 

weather . Seasonal ly low val ues for phosphorus content 

ln  both clover and gras s herbage have been recorded 

1n several s tudies in thi s  country ( reviewed by Me tson & 

Saunders 1 9 7 8a ) , generally over the per iod December­

January to March-Apr il . This association between soil 

moi sture and herbage phosphorus levels  i s  refl ected in 

the very low values recorded for al l treatments over 

spring-s ummer of year I I  ( Table 1 2 ) ,  when the 

experimental site was sub j ect to unusual ly dry weather 

( Sec tion I I , Tabl e 1 ) . 

Proposed mean cri tical level s for potass ium ( clover 

2 . 0 �  ryegrass 2 . 2% K )  were exceeded in all measured 

values for grass and clover herbage under s easonal ly 

cool , moist  condi tions ( Table 13 ) .  Over spring- summer 

and summer- autumn they were al so always exceeded in 

herbage from the grazed swards and in the gras s component 

of the cut swards . In the clover component of the cut 

swards a value below the mean critical level was recorded 

during summer- autumn of the final year . However ,  it  

was not outside the range given for cl over ( 1 . 8 to 2 . 3% 

K ) . McNaught ( 1970 ) reported that cri tical pot as s ium 
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l evel s  in leaf tissues from summer growth appear to be 

about three-quarter s those for l ate autumn and early 

spr ing growth , for both clover and ryegras s .  

All measured values for magnes ium and calc ium 

( Tables 14 & 1 5 )  exceeded the proposed mean critical 

level s .  Magnes ium contents of both the clover and grass 

components were frequently doubl e  the critical levels 

( 0 . 1 3 and 0 . 1 1% Mg , respect ivel y ) . Calc ium levels in 

the cl over component always exceeded the diagnostic 

criterion ( 0 . 7% Ca)  by at least 5�/o ,  while levels in 

grass  herbage were frequently doubl e the proposed 

cri tical level for ryegrass ( 0 . 2 5% C a ) . 

( b )  Soil ' Quicktest ' values 

With mature dry sheep as defoliators , removal of 

nutr i ent elements from the soil-pl ant compl ex would have 

been negligibl e in the grazed treatments . That soil 

phosphate ( Table 16a ) and potas s ium ( Table 1 6b )  leve l s  

either increased or were maintained under graz ing over 

the course of the study indicates that the bas al fertili ser 

pol icy for these two elements was adequate . However , 

subs tantial removal of these nutrients occurred wi th the 

continual harves ting of herbage from cut swards , and 

this  is reflected in the corresponding soil tes t  values 

( Tables 16a & 1 6b ) , which were maintained for phosphate 

only in the control treatment bu t otherwise decl ined 

over the s tudy period . Annual phosphorus removal in 

herbage averaged 58 and 66 kg P/ha for cut treatme nts 

NO and N448 respec tively , so was a l ittle less than 

annual fertil iser input ( 6 7 . 5 kg P/ha ) .  By contras t ,  

annual removal of potass ium in herbage from these two 

treatments averaged 410 and 580 kg K/ha respectivel y ;  

amounts which were greatly i n  excess o f  fer til iser input 

( 120 kg K/ha/an ) .  The re sul t was a marked drop in 

potas s ium tes t level s ,  in spite of the inherentl y 

excell ent potassium- supplying properties (Kc values ; 

Metson 1 9 6 8 ) of the soil at this  site ( Ball et al . 1 9 78 ) . 

Phosphate tes t level s  in the vicinity of 20 to 30 

are interpreted as • medium ' , while values below 20 are 

' low • and cons idered to indicate the l ikel ihood of 

phosphate responsivenes s  ( Anon . 1979 ) .  Values recorded 
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below the cut swards on conclusi on of the experiment 

were marginal , especially from treatment N448 . For 

potas s ium , values of 9 or over are interpreted as ' high ' , 

whi l e  values below 7 are rated as ' low ' and considered 

to indic ate the likel ihood o f  potas sium respons iveness 

( loc . ci t . ) .  Values recorded below the cut swards were 

margi nal , irrespective of ni trogen treatment , when the 

study finished All other recorded potass ium tests were 

above 9 .  

Averaged over all treatments , topsoil magnes ium and 

calc ium test values declined a li ttle over the three-year 

s tudy period ( Tables 16c & 1 6d ) ,  wi th no consis tent 

di fference between defol iation or ni trogen treatments . 

Neither magnesium nor lime was included in the basal 

fert i l i s er programme . However ,  all magnesium and soil 

pH ( Tabl e  l 6e ) test values recorded throughout thi s  s tudy 

are cons idered to exceed values l ikely to res tric t growth 

of a mixed pas ture . I t  is of interest that the fall in 

soil pH was exaggerated in treatment N448 . Use of l ime­

ammonium ni trate , which contains some 3 5% by weigh t  of 

precipitated calc ium carbonate , did not compl etely offset 

the ac idifying effect of the ammonium ni trate . Al so of 

pas sing interest is that while some 7 50 kg c aco3/ha was 

appl ied annually with the ni trogen in treatment N448 , 

thi s was not reflected in higher calcium ' Quicktest ' 

l evels for that treatment , on conclusion of the s tudy . 

( c )  As ses sment of bas al ferti l i ser pol icy 

The di agnostic criteria given by McNaught ( 19 70 ) are 

for whi t e  clover and ryegrass herbage . In the pr e s ent 

s tudy , the clover component was almost entirely white 

clover . The grass componen t ,  while 80 to 9�/o ryegras s ,  

inc�uded herbage from other non-l eguminous constituents 

( grasses other than ryegrass and weeds , in roughly e qual 

proportions ; Section I I , C ,  1 ) .  Accordingly , 

comparisons are treated only as guidel ines . 

When viewed together , resul t s  from herbage anal ys es 

and soil ' Quicktes ts ' indic ate l ittl e  l ikel ihood of any 

res triction to pas ture growth through magnesium or 

c alc ium avail abil ity , or through soil pH . Whil e the 
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s ame may be concluded for pho sphate and potass ium in 

the grazed treatments , the pos sibility of marginal 

deficiency of these two nutrie nts for growth in the cut 

swards cannot be dismissed .  

The recent alluvial soil at the site had low 

phosphate-fixing properties , with a P retent ion ( S aunders 
• 1965 ) value of 7% ( Brock 1 9 7 3 ) .  That fertil iser input 

exceeded phosphorus removal in the cut treatment s each 

year would argue agains t any l ikel ihood of induced 

phosphate deficiency .  In  the final year , phosphorus 

content in the herbage from cut swards ( Table 1 2 ) met 

or exceeded the diagnostic criteria over both cool , 

moist seasons . While the level in clover herbage did 

fal l below 0 . 3% P on one occas ion,  there was no 

indication of a progre ssive decl ine in the phosphorus 

content of herbage from the cut swards , as the experiment 

proc eeded . Subs tanti al ly lower levels were measured in 

herbage from both cut and grazed swards in spring -

s ummer of year I I  than in herbage from the cut swards in 

year I l l  ( Table 1 2 ) .  When the influence of season and 

weather ( McNaught 1970 } is taken into account 1 it  is 

concluded that serious phosphate deficiency was not a 

likel ihood dur ing this  experiment . I f  deficiency did 

occur , it would have been confined to the cu t treatments 

and have been more likely at the heavier rates of 

ni trogen input where phosphorus r emoval was enhanced . 

Further , as a subs idiary field s tudy at the si te had 

diagnosed marginal phosphate defic iency before th is  

experiment commenced , any phosphate s tress exerted on 

the cut swards would have been a cons i stent feature 

throughout the study rather than i nduced du ring its 

course . 

Quite cl early , potassium was exploited from soil 

below the cut swards as the experiment proceeded : 

removal each year was three or four times annual input � 

soil 1 Quicktes t 1  level s fell dramatically � and the re was 

a clear indication that potass ium l evel s in herbage from 

the cut swards ( Table 13 ) decl ined year by year . I n  

the final year , potass ium content o f  cut grass exceeded 
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the mean cri tical l evel for ryegrass over all 4 seasons . 

However ,  in mixed pastures the clover component is 

cons idered the more sens itive indicato r  of nutri tional 

status ( McNaught 1 9 70 � Jackman & Mouat 1 9 70 ) ,  and 

pot ass ium levels in cut cl over fell below the mean 

critical level duri ng summer- autumn of year I l l .  As 

wi th phosphorus , mean critical levels for potass ium 

were exceeded in clover herbage from the cut swards 

over both cool , moi s t  seasons during the final year . 

Again , when the influence of season and weather on 

mineral compos i tion is taken into accoun t ,  s erious 

potass ium defic iency seems unl ikel y on the bas is  of 

these herbage anal ys es . 

Even in the final year of this  s tudy , potass ium 

l evel s  in clover herbage from the cut swards were 

cons iderably higher than those reported from a 

comparable study in the Uni ted Kingdom ( Brockman et  al . 

1970 ) , where weighted annual means of 1 . 2 2 to 1 . 3 6% K 

were measured . Fol lowing a previous s tudy at 

Palmers ton North , Melville & Sears ( 1 9 5 3 ) repor ted 

weighted mean potass ium contents of 2 . 4  to 3 . 3% K in 

clover herbage from mixed swards sub j ec ted to repeated 

cutting , without return of animal excreta , over a 

period of three years . 

When herbage anal yses and soil test values are 

cons idered toge ther , a pos sibil ity that potas s ium 

deficiency was induced by continual cutting cannot be 

ruled out for thi s  s tudy . As with phosphate , 

potass ium s tress would have been more likely in cut 

swards receiving the higher r ates of nitrogen , where 

nutrient removal was enhanced . Unl ike any pos s ibl e 

phosphate s tres s ,  potas sium deficiency would not have 

been a feature in the early s tages of thi s experiment . 

The subs idi ary field s tudy gave no indication of 

potass ium respons ivene s s  and initial so il test values 

were high . To the extent that potass ium deficiency 

may have developed , i t  would have been confined to cut 

swards and would have been unl ikely before the final 

year . 
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I t  was not prac ticable to carry out total sulphur 

analyses for herbage s amples in associ ation with thi s  

s tudy . From average dry herbage yields , assuming an 

average total sulphur content of 0 . 3 3% S for the mixed 

herbage ( McNaught 1 9 70 ; Metson & S aunders 1978b ) , 

average annual removal in herbage from the cut swards i s  

e s timated to have been 4 7  and 59 kg S/ha , for treatments 

NO and N448 respec tivel y .  When viewed against the 

annual ferti l iser input of 82 . 5  kg S/ha , applied in spl i t  

dress ings , any pos s ibil i ty o f  sulphur deficiency seems 

unl ikely ( P . E . H .  Gregg , pers . cornrn . ) .  That sulphur 

def iciency was unl ikel y  is al so indic ated by resul ts 

from the associated preliminary f ield trial , which gave 

no indic ation of sulphur respons ivenes s  at thi s  s i te . 

3 A Brief Analys i s  o f  Fertilis er Nitrogen Respons es , 

and Their Pos s ibl e Modification by Potass ium 

De ficiency 

There is a clas s i c al pattern to nitrogen respons es 

by wel l managed , gras s-clover swards ; total dry herbage 

yield increases , with the response coming from the grass 

component of the sward , while clover herbage yield fal l s  

( Walker e t  al . 1954 ; Donald 1 9 6 3 ; Crofts 19 6 5 ;  

Wni tehead 1 9  70 ) . Where the control sward has a 

rel ativel y high clover content , and the response pat tern 

to a wide range of ni trogen rates has been examined , i t  

has been observed tha t total herbage ni trogen yield may 

show an initial decl ine at the lower rates of ni trogen 

input , but exhibit a mor e  or less l inear response to 

higher rates as clover i s  progres sively d i splaced from 

the sward. A response pattern of thi s  type was repor ted 

by Lineffi n & Lowe ( 1 9 60 ) ,  and i s  co nsidered the more 

common pattern of respons e in Uni ted Kingdom s tud ies 

( Richards 1 9 7 6 ) .  The general form of nitrogen response 

curves ( Viets 1965 ) dictates tha t the l inear phase wil l  

become curvil inear , and eventual ly negative , i f  a 

suff i c iently large range of  ni trogen rates is tes ted . 

Charac teri s tically , clover herbage has a higher 
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nitrogen content than grass herbage ( Tabl e 8 ) . The 

s timul ation of grass growth with rel atively smal l 

inputs of nitrogen results in clover displ acement , 

presumably bec aus e of shading ( Donald 196 3 ) but 

pos s ibly al so as a result of competi tion for nutrients 

and/or moisture (Walker l 9 5 6b ) . When a decl ine 1n 

total herbage ni trogen yield occurs , it reflects the 

partial repl acement of clover herbage by gras s herbage 

of lower nitrogen content . Appl ication of nitrogen to 

swards with a high clover content has been cautioned 

against in the New Zeal and li terature ( Lynch 19 5 3 ;  

During 1 9 7 2 ; Ball & F i eld , in press ) .  

As an ' inflexion point 1 has been recogn ised at the 

lower end of the more general response curve , it 

foll ows that the ni trogen response obs erved in any 

particul ar study wi ll depend on both gras s/c lover 

balance and the range of  nitrogen rates studied . The 

relat ionship of thi s  type reported by Richards ( 19 7 6 ) 

indicates a more or less linear response , only af ter 

the contribution by gras s es to total herbage nitrogen 

yield has reached 70 to 7 5%.  Mowing commonl y infl ates 

the clover content of mixed swards (discussed in 

Sections I I , A & I I , C ) .  I t  i s  quite pos sible then , 

as an arti fact of that me thod of measurement , that 

nitrogen responses have been underestimated in previous 

s tudies in this country , where long-term mowing trials  

have been involved ( Hudson & McPherson 19 3 3 ; Hudson 

1 9 3 4 ; Sears l953b ;  Walker et al . 195 3 ) .  

A question of immedi ate rel evance to thi s  country ' s  

agr iculture is whether or not successful use c an  be made 

of fert il iser nitrogen on reasonably wel l  developed , 

grazed pastures , with whi te clover contributing only 2 0  

t o  3 �/o o f  total yield each year . Swards o f  thi s  type 

might be expected to exhibit a l inear respons e to a 

substant ial range of fert i l is er nitrogen inputs , used 

under appropr iate cl imatic conditions . The much smaller 

clover popul ation provides less s cope for clover 

suppres s ion , hence any negative contribution to either 

dry herbage or herbage nitrogen yields , as a cons equence 
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of ni trogen use.  Assuming nutrient and moi s ture 

adequacy,  under these conditions any reduc tion in the 

c l over yield from mixed swards in receipt of fertil i s er 

nitrogen is attributabl e to the direct and i ndirect 

e f fects o f  shading by the taller grasses ( Donald 1963 ) .  

Defol iation management is l ikely to be the ma j or 

determinant of the extent of clover suppres s i on following 

ni trogen use ( Walker et al . 1 9 5 3 ; Walker 1 9 5 6b ;  

Donald 19 6 3 ; Brougham et al . 1 9 7 8 ) . The s tudy by 

Walker and associates in C anterbury (Walker et al . 1 9 5 3 ) 

involved very long regrowth intervals under ideal 

cl imat ic conditions for pas ture growth . Throughout the 

growing season the s i te was sub j ect to water deficit 

during only one month , yet spell s of 70 to 100  days 

occurred between success ive defol iations . While plant 

nutrition appears to have been adequate , with those 

extreme management contrasts a marked decline in white 

clover yield was obs erved a s  regrowth interval increased , 

whether or not fertil iser nitrogen was appl i ed ( loc . 

ci t .  ) . 

The general pattern of ni trogen respons e recorded 

in the pres ent s tudy foll ows the less common of the two 

rel ationships described by Richards ( 19 7 6 ) :  fertiliser 

nitrogen increased grass nitrogen yield and decreased 

clover nitrogen yield , but total herbage ni trogen yield 

increased in proportion to fertili ser input over the 

range o f  rates s tudied ( Table 10 & Fig . 5 ) .  I t  s eems 

mos t  l ikely that this fo rm o f  respons e was reprod uced 

because relatively frequent ,  close defol iation was 

prac ti sed throughout the s tudy , and bec ause serious 

nutrit ional s tres s was avoided in the mixed sward . 

Richards ( 1 9 7 6 ) has associ ated this pattern of 

respons e ,  in which fer til iser nitrogen and clover 

performance are viewed as compatible ,  with soi l s  of high 

potas s ium availability .  Lowe ( 19 6 6 ) al so reported that 

the clover suppress ion associ ated with lower rates of 

nitrogen input could be partly offset by concomitant 

potas s ium app l ication . C an some of the vari ability 

among pas t results be resolved on these grounds? Much 
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of it probably can .  Sward fai l ure in early s tudi es at 

Mar ton (Hudson & McPherson 19 3 3 ; Hudson 1 9 3 4 } i s  

clearly attributable t o  potass ium deficiency ( Section 

I I , D ) . 

I nitial comment is again directed towards 

experimental method . Any form of ' harvest and removal ' 

management involves deplet ing the soil of large 

quanti ties of mineral s ,  especially potas sium .  That 

app l ies equally whether the techniq'.le used involves the 

more common approach of mowing and discarding herbage , 

or grazing wi th animals har nes sed to prevent return of  

excreta ( e . g .  Sears 195 3 a ;  Watkin 1954 ) . Annual 

removal of potass ium in cut herbage averaged s ome 410 

to 580 kg K/ha during the present s tudy , a somewhat 

larger f igure than the three-year average reported by 

Melville & Sears ( 1953 } .  Because of the longevity of 

the potas s ium influence on p lant growth in both urine 

and dung-af fected areas of pasture ( During & McNaught 

1961 ; During et al . 1973 ; Weeda 1 9 7 7 ) ,  a cons iderable 

proportion of total area may be benef iting at any point 

in time ( Richards & Wol ton 1 9 76 ) .  Obviousl y ,  a 

subs tantial contras t in soil potassium status i s  l ikely 

to develop below cut and grazed swards , unl es s precautions 

are taken to prevent depletion under cutting . To 

maintain a potass ium bal anc e in soil during the pres ent 

study ,  about one tonne/ha of either muriate or sulphate 

of pot ash would have been required as a basal dress ing 

to cut swards each year . 

In  the introduc tion to this section, overseas s tudies 

were c ited in which appl ied nitrogen decreased or fai l ed 

to inc rease the total herbage ni trogen yield from mixed 

swards . Those s tudies involved either an experimental 

method ( Li nehan & Lowe 1 9 60 ; Dilz 1 9 6 5 ) or indiv idual 

treatments (Watkin 1 9 54 ) in which ' harvest and removal ' 

management was impos ed . Even where bas al fer t i l i sers 

were appl i ed ,  the pos sibil i ty of induced potass ium 

def iciency cannot be dismi s sed becau s e  of the very 

large quantity removed in herbage . Linehan & Lowe 

( 1 960 } reported their results after consideration of 
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treatment means following 6 years of continual cutting 

wi th removal of  herbage . L owe ( 1 9 6 6 ) was l ater to 

report a strong influence of potass ium availabil i ty on 

clover content in mixed swards . Watkin ( 1954 ) 

recorded cons i s tent nitrogen responses only from grazed 

swards receiving animal urine , wi th its contained 

potass ium . Potas sium def iciency at the s i te was l ater 

implic ated ( Wol ton 1 9 5 5 } .  The spectre of potassium 

deficiency inter fering wi th f ield experimentation of 

this nature i s  also contained in reports from North 

Wyke . Total herbage ni trogen yield from cut � mixed 

swards exhibi ted little respons e to a r ange of nitrogen 

inputs ( 0  to 2 0 0  kg N/ha/an } ,  because clover suppress ion 

offset increased gras s yields ( Shaw et al . 196 6 ) . 

Concurrent studies at the s ame experimental s tation , 

reported later ( Brockman et al . 19 70 ) ,  demonstrated 

acute potassium deficiency at the s i te ,  wi th clovers 

responding markedly to potas s ium fertili ser . Whi l e  not 

meaning to overs tate his view ,  the wr iter concludes 

that potas sium availabi l i ty mus t  be suspect in any 

study involving a ' harve s t  and removal ' technique . 

The above experiments are open to that critic i sm .  To 

avoid i t ,  careful di agnostic s c rutiny of both herbage 

and soil , throughout the cours e of an experiment , would 

be required . 

�1i l e  pronounced potass ium def iciency may exer t a 

quite spectacul ar influence on sward composit ion ( Lowe 

1966 ; B rockman et al . 1 9 7 0 ; During 1 9 7 2 } and the form 

of nitrogen responses ( Richards 1 9 7 6 ) ,  there remains 

the pos s ibil ity that what may be only marginal potass ium 

deficienc y for a conventional grass-clover as soc iation 

could be quite serious in the event of nitrogen use on a 

mixed sward . Jackman ( 19 7lb } described the relatively 

weak pos i tion of clovers in mixed pastures as foll ows : 

. • • . a species in a competitive s i tuation which r equires 

a higher supply of  a nutrien t ,  is more susceptibl e to 

shading and i s  less able to wi th s tand mois ture s tres s  

To that description might b e  added a seasonal dimens i on . 

Differences in temperature optima for the growth of  
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temperate gras ses and clovers result in thei r main 

per iods of growth being separated in time (Mitchel l 

1 9 5 6 ; Brougharn 1959 ) .  As pointed out by Blaser & 

Brady ( 1 9 5 0 ) ,  a lower optimum temperature al lows 

gras ses to s tart vigorous growth earl ier in the s eason , 

when the c l over assoc iates are relatively inacti ve . 

I f  avai lable potas s ium is low ,  grasses absorb much of i t  

before any appreciabl e clover growth occurs ( loc .  ci t . ) .  

Ye t those are the very seasonal conditions under which 

tac tical inputs of fertili s er ni trogen to mixed pastures 

are likel y to have most application to New Zeal and 

farming practice ( D �ring 1 9 7 2 ; Field & Ball 19 78 ) . 

Heightened competitive s tres s against white clover , 

in ni trogen- treated swards , i s  graphically illustrated 

ln Fig . 8 .  This record was obtained when swards were 

at grazing stage during early spr ing , in the final year 

of this experiment . Clovers can be seen in the control 

sward but were completely overgrown by ryegrass in 

treatment N448 , which sward was exhibi t ing a re sponse 

to the heavy input of nitrogen at the s tart of regrowth 

over late winter-early spring . The sward of tre atment 

Nl l 2  is intermediate between thos e two in this respec t ,  

but wi th r yegrass obviously much les s nitrogen deficient 

than in the control sward . (A vi ew of the cloverless 

sward i s  included for compl etenes s .  These photographs 

were taken about 5 months after sward rennovation in 

late autumn 1974 , and testify to its success . 

Imperial units are di spl ayed on the bl ackboard used for 

treatment identification ) .  

Worki ng wi th swards of Ladino clover and mixed 

grasses , B l aser & Brady ( 19 50 ) found that a qui te 

dras tic s uppres s ion of whi te cl over , resulting from 

early-season nitrog en application , could be subs tantial l y  

offset b y  concomi tant application o f  potassium .  The 

s t imulatory effec t of a heavy potas sium dres s ing on 

clover performance was still obs ervable over the 

following year ( loc .  ci t . ) .  Obviously , thei r results 

would only apply to s i tes exhibiting potassium deficienc y ,  

and may not b e  so applicabl e to clovers with better cool -
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FIGURE 8 - Pas tures a t  graz ing height ; 

early spr ing 1 9 74 

Control sward ( NO )  

Treatment N448 
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FIGURE 8 ( C ont ' d )  

Treatme nt Nl l2  

C loverl ess sward 
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season growth , such as ' G .  Pitau 1 • However , the 

general principles seem l ikel y to apply equal ly to any 

si te where a nutrient other than nitrogen is defic ient . 

Us e of nitrogen on mixed swards to s timulate cool ­

season production , when potas s ium,  phosphate or sulphur 

is in short supply ,  seems l ikely to exaggerate cl over 

suppre s s ion because the more i ntense shading of clover 

further reduces its abil ity to compete for the l imiting 

nutrient ( s ) .  

L i ttle investigative research has been under taken 

to assess the influence of other nutrien ts on nitrogen 

responses in New Zeal and . A 1 rule-of-thumb ' viewpoint 

has been adopted , to the effec t that if nutrien t  level s  

are sufficient to maintain an active clover component 

in mixed pastures , clovers are not l ikely to be 

seriou s l y  j eopardised by ni trogen us e ,  providing that 

over-spell ing is avoided ( Lynch 1 9 5 3 ; Ball & Field in 

pres s ) . Lammerink ( 1 9 5 9 ,  1 9 6 2 ) reported a two-year 

study involvi ng spring appl ication of potassium and 

nitrogen to a fl ood-irrigated sward in Canterbury . H i s  

results give no support to the contention that n i trog en 

responses are modi fied by pot ass ium availabi l i ty,  as a 

potas s ium response was recorded only in the control 

sward , with gras s/clover ratio l ittl e  affected , and a 

small suppression of clover was observed in al l nitrogen­

treated swards during summer . Experimental condit ions 

almost certainly influenced results : plots were mown 

fortnightly , and white clover contribu ted 50% of th e 

yield from control swards ove r  the mid spring- early 

summer period ( loc . cit . ) .  

I n  the wr i ter ' s  view the rol e of nutrien t  

avail abi l ity, especially potassium ,  i n  modi fying 

ni trogen responses by mixed pastures , i s  a f ield 

urgently requiring research i n  thi s  country.  

4 Herbage I ntake and Dige s tibil i ty 

S imilarity among ni trogen treatments in apparent 

dry herbage intakes ( Tabl e  1 7 a )  indi cates th at comparable 

graz ing pres sure was exerted on al l swards dur ing the 
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study . Measurement of s tubble yields to ground level , 

on commencement of the experiment , showed that s imilar 

quanti t ies of dry herbage remained after defoliation , 

whether by graz ing or cutting and i rrespective of 

ferti l i s er ni trogen rate ( Sect ion I I , D,  1 ) .  No 

attempt was made to analyse for dif ferences in apparent 

intake between years or between seasons because of  

changes in cul tural prac tices , including the frequency 

of defoliation , and the age and s i ze of graz ing animal s 

throughou t the s tudy . 

Aver age values over the final year ( Tabl e 1 7 a )  

indic ate that , relative to control ,  apparent dr y herbage 

intake was 20% lower among sheep grazing the pure grass 

swards but �/o higher for sheep on treatment N448 . 

After s tudying graz ing patterns of both set- s tock ed 

( Keogh 1973 ) and periodically mob- s tocked sheep , Keogh 

( 1 9 7 5 ) concluded that ryegrass dominant areas in mixed 

pas tures were preferentially avoided in grazings over 

summer and autumn . Similarly , in the pres ent s tudy it 

bec ame apparent that sheep were reluctant to graze 

herbage in the pure grass swards . Wi th no input of 

nitrogen from either clover s or fertil iser , herbage 

acceptability decl ined . By year I l l ,  herbage nitrogen 

content ( Table 8 )  was low in relat ion to that of o ther 

trea tments . To effec t a common l evel of util i s ation 

among treatments , higher sheep densi ties were required 

on the cloverless swards . Thi s  was reflec ted in th e 

reduced apparent dry herbage intake by sheep graz ing 

the Gras s treatment during the f inal year . 

In  reviewing the influence of  fertiliser nitrogen 

on herbage pal atability and animal intake , Whi tehead 

( 1 9 70 ) notes conflicting reports of effects on 

pal atability , but presents a body of evidence indicating 

that the level of nitrogen had no effect on intake 

under a var iety of experimental conditions . An 

except ion arose from one s tudy in this local i ty . 

Bryant & Ulyatt ( 1965 ) ,  concluded tha t even relatively 

mas s ive input s  of lime-ammonium ni trate to a ryegrass 

sward ( 3  545  kg N/ha ,  between July and Oc tober ) had no 
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marked del eterious effects on animal health or intake . 

However ,  ad l ibidum intake by the tes t sheep r eceiving 

the ' high ni trogen ' grass was reduced in one of  the i r  

two s tudies . Keogh ( 19 7 3 , 1 9 7 5 ) reported a pronounced 

preference by sheep for pas ture affec ted by recen t  

animal urinations , irrespec tive o f  the botanical 

compos ition in ' urine patches • .  In those s tudi es over 

s ummer and autumn , mixed r yegras s-white clover areas 

were preferred over ryegrass dominant areas in the 

remainder of the sward . The clover content of the N448 

sward was considerably l ower than that of gras s-clover 

control in the present s tudy ( S .ec tion I I , Table 3 ) .  

Therefore , one might specul ate from the l imi ted evidence 

for enhanced dry herbage intake on swards receiving a 

subs tantial input of fertil iser nitrogen ( Tabl e  1 7 a ) 

tha t  the preference shown by sheep for uri ne- affected 

pasture over summer and autumn results f rom some aspect 

of  the el evated nitrogen s tatus of such herbage . 

Whi tehead ( 1 970 ) reports that herbage diges tibility 

is  general ly affected only sl ightly by application of 

nitrogen to pure grass swards , but that thi s prac ti ce 

can s igni f ic antly lower diges tibil ity where it reduces 

the proportion of clover in mixed swards . Such an 

effect was not apparent in the results from in v itro DM 

diges tibil ity es timates ( Tabl e 1 7b )  for s amples of 

mixed herbage taken over l ate spring-summer of the 

f inal year , even though the clover content o f  swards 

receiving Nl l 2  and N448 ( 2 9 and 20%,  respectively ) was 

c ons iderably below the 4�� me asured in the control sward 

over that period . 

The role of both fertil is er ni trogen (�nitehead 

1 9 70 } and legumes ( Ulyatt 1 9 7 3 � Thomson 19 7 7 ) in 

modi f ying intake , diges tibil ity and quality of  for age 

from mixed swards i s  complex . I t  should be pointed out 

that , in this experiment , tes t animal s were not 

maintained on diets of forage f rom the various nitrogen 

treatments ,  except during the pre-feeding period of  1 to 

1� days and the 3 to 5 days • grazing required at each 

defol iation . No animal production measurements could 
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be attempted , as the sheep were maintained under common 

management between defol iations . Pos sible effects on 

apparent intakes through prolonged exposure of sheep to 

the test swards were not asses sed . Neverthel e s s , 

under the experimental condit ions , these result s  give 

no indication of any adverse effect of ferti l i s er 

nitrogen on average intakes o f  herbage from grass-clover 

swards , nor on diges tibi lity of the mixed herbage over 

s ummer-autumn . 

E CONCLUS IONS 

1 .  Grazing rai s ed total herbage ni trog en yield 

each year , by 18 to 2 2% over cutting . Over the fi r s t  

year , elevated herbage ni trogen content contribu ted to 

th i s  result but in subsequen t years the yield 

superiority of graz ing more directly reflected 

treatment differences in dry herbage yields . Apparent 

recovery in herbage of ni trogen cycl ed in animal 

excrement was no better than 2 0% ,  pos s ibly l es s ,  on 

average over the three years . 

2 .  Total herbage nitrogen yields were l arge , 

averaging 560 kg N/ha/an from the control grass-clover 

sward . Yet under the experimental condit ions , linear 

responses  were recorded in the yearly averages for 

total and gras s herbage nitrogen yields , over the full 

r ange of ni trogen rates tes ted . The heavies t rate 

( 448 kg N/ha/an ) increased total herbage nitrogen yield 

every year , by 30 to 43% over control . While 

fertil i s er ni trogen treatments exerted only a minor 

influence on the nitrogen content of clover herbage , 

they increased fol iar l evel s in  gras s , wi th the result 

that treatment differences in total herbage nitrogen 

yiel d wer e  more pronounced than the dif ferenc es in dry 

herbage yield reported e arl ier . Apparent recovery in 

herbage of fertil iser nitrogen averaged 44% over the 

three years . 

3 .  Whil e  herbage o f  the grass component from gras s­

c l over control swards generally contained higher l evel s 
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of total and ni trate nitrogen than did that from the pure 

gras s swards , no treatment difference in yearly grass 

herbage ni trogen yield was r ecorded until the third 

year . I t  i s  sugges ted tha t white clover exerted a 

repress ive effect on yield of associ ated gras ses , 

thereby negating any effective transfer of syrnbiotical ly­

f ixed ni trogen over the fir s t  and second years . 

4 .  Basal fertil i s er pol icy appears to have been 

adequate . While considered unl ikel y ,  the pos sibility 

of marginal phosphate deficiency in the cut treatments 

cannot be rul ed out entirel y ,  nor can the poss ibility 

of induced potass ium deficiency in the cut treatments 

over the final year . 

5 .  Field observation and grazing records provided 

l imited evidence for enhanced apparent DM intakes by 

sheep grazing mixed swards receiving the heavier rates 

of ni trogen inpu t ,  especial ly over the spring- summer 

per iod . Differences in DM diges tibility ( in vitro 

estimates ) were not apparent for mixed herbage s ampl ed 

over l ate spring- summer in the final year , from control , 

Nl l 2  and N448 swards , even though clover content 

dif fered substantially between treatments . 
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SEC TI ON IV 

SOIL NI TROGEN AND NITROGEN BALANC ES 

A INTRODUCTION 

A mas s bal ance for ni trogen cannot be compiled 

using resul ts from mos t  field experiments , as changes 

in soil total nitrogen are not general ly monitored 

accurately,  if at all ( Al l ison 196 6 ) . Becaus e of the 

r.el a ti vel y lo_!l_g _Eesidence _time for __ nij:ro_gen _ _ j_ n _§__Oil_ 

organic matt�r (Clark & Paul 1 9 70 ; Henzell & Ros s  

1 9 7 3 ) ,  this  very large pool acts as a ' reservoir ' _o� ·---- - --- - ·- ---
s_torag�_ �om_part

_�
�nt for nitrogen_. D·�peil.dir�_g ()_Il ldhether 

prevail ing natural and cu ltural influences are 

' nitrogen-gaining ' ,  ' nitrogen-losing ' or ' nitrogen-

\ s tabl � ' ( O ' Connor 1 9 74 ) , the effects wi ll be reflec ted 

in a corresponding increase , decrease or lack of change 

in soil total ni trogen . Accordingl y ,  moni toring soil 

total ni trogen to detect any changes in the pool s ize 

over time is mandatory to compil ing a ni trogen bal anc e 

during ecosys tem s tud ies . 

Characteristics of the New Zeal and pastor al 

indus try were cons idered briefly in Sec tion I .  In  an 

ecosys tem typical of that used for intens ive gras sland 

farming , with wel l developed permanent pastures under 

continual graz ing management ,  for all practical purposes  

any subs tantiative change in nitrogen retent ion wi thin 

the soil-pl ant-graz ing animal compl ex wi ll be 

encompassed by moni toring soil total nitrogen throughout 

an experiment . Compared wi th this pool , all other 

nitrogen pool s are relatively smal l (Henzell & Ros s  

1973 ) .  They may exhibi t cons iderabl e variation over 

the short term . For instance , the ni trogen pool in 

l ivestock may vary according to the seasonal phase of a 

farming enterprise ; herbage nitrogen will  fluctuate 

according to severity of grazing and s tage of regrowth , 

while soil mineral nitrogen may even be subject to 

dail y  changes . However , such short term vagaries in 
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thes e  production-rel ated ni trogen pool s can be viewed 

as fluctuations around the ir long term averages ,  wi thi n  

any well develop ed pastoral ecosys tem .  Res idence time 

for such nitrogen is relatively brief... While of vi tal 

importance to the produc tive process , over a period of 

year s the produc tion-rel ated pool s do not serve a 

1 s torage 1 function . 

A·ttention has already been drawn to the very l arge 

quantities of nitrogen involved in intensive gras sland 

farming , whether us ing grass-clover associations or 

nitrogen- ferti l i s ed gras s swards ( Section I ) .  Henzel l 

( 19 70 ) made a rather forthright c all for better 

accountability for the l arge quanti ties of fertil iser 

nitrogen used for i ntens ive gras sland farming in Europe 

and North &�eric a .  I n  this writer 1 s  view, there is  an 

equally alarming gap ln knowledge concerning the 

nitrogen bal anc e in grazed grass- clover ecosys tems . 

In sheep and beef farming , ni trogen retent ion dur ing 

animal growth i s  only about 2 5  kg N per tonne liveweight 

gain ( Whi tehead 1 9 70 � Henzell & Ross 1 9 7 3 ) .  So at the 

highest level s  of animal produc tion recorded from grazed 

pastures in thi s  country , nitrogen removal duri ng fat 

lamb ( Harris & Hickey 19 78 ) and beef production 

( Brougham et al . 1 9 7 5 ) would only have been some 2 5  and 

50 kg N/ha each year , respec tively . Even with 

intens ive dairyfarming , nitrogen retent ion for animal 

growth plus outgoings in milk , together , compri s e  onl y - . 
some 70 kg N/ha each year (m1i tehead 1 9 70 � Henzell & 

Ros s  1973 ) .  I n  a developed pas toral ecosys tem, with 

soil nitrogen near 1 s teady- state 1 ( Jackman 1964a , b ) , 

the ni trogen input required each year to meet such 

outgoings in animal produc tion is  qui te modes t .  

Accordingly , i t  i s  difficul t to unders tand �ow the 

agricul tural fraternity of thi� country have accepted_ 

estimates of s everal hundred kg N/ha for annual ni trogen � - � - -\input by clover fixation , wi thout express ing concern 

over what mus t  then be substantial unaccounted-for 

nitrogen outgoi ngs from grazed ecos ystems . The 

author ' s  scepti c i sm over accepted views is  heightened 
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by the fact that observed values for soil nitrogen 

accumul ation below wel l managed , devel oping pastures 

have not greatly exceeded lOO kg N/ha annually (Walker 

et al . 1959 � Jackman 19 64a , b ) . 

Rel atively poor accountabil i ty for nitrogen is 

commonly a feature of heavy ferti l i ser nitrogen use in 

intens ive gras s l and farming ( Woldendorp et al . 1966 � 

Henzell 1 9 70 ) . Even in pure grass swards , apparent 

recovery general l y  amounts to only 55 to 70% of that 

appl ied ,  the actual figure varying with experimental 

conditions ( Whitehead 1 9 70 ) . I s  it in order to assume 

tha t  the problem of unidentified ni trogen outgoings 

does not equal l y  beset intensive grassland farming bas ed 

on grass-clover as sociations ? 

This s tudy was undertaken to gain further 

information on ni trogen rel ationships in highly 

productive grass-clover associations . To provide 

information on differences between grazed and cut swards , 

aspects of the performance of a rel atively wel l  

developed ryegrass-whi te clover pasture were moni tored 

under both grazing and mechanical defol iation . At the 

s ame time , a range of nitrogen treatments was included 

to test the view that ni trogen availabil ity imposes an 

upper l imit to total herbage produc t ion from grass­

clover assoc i ations , and to gain information on the 

ni trogen s tatus of the experimental site . Treatment 

e f fects on dry herbage yields and sward characteris tic s 

are reported in Secti on I I . Secti on I I I  covers 

influences on total and ni trate nitrogen level s  in 

herbage , herbage ni trogen yields , and treatment e ffects 

on the mineral characteris tic s of herbage and soi l . 

I n  this  section are reported treatment influences on 

soil total and mineral nitrogen pools ,  estimates for 

symbiotic nitrogen fixati on , and mas s  bal ances for 

ni trogen in th e  grazed and cut sys tems . 

B MATERIALS AND METHODS 

1 Site and C l imate 

This s tudy was c arried out at Gras s l ands Divi s ion , 
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Palmers ton North , over the period autumn 1972 to wint er 

1 9 7 5  inclusive . Detailed descriptions of the si te and 

cl imatic conditions throughout the s tudy period have 

been pres ent ed ( S ec tions I ,  B & I I , B ,  and Section I ,  

Table 1 ,  resp ectively ) . However , some aspects of the 

his tory of the si te , including recent cul tural 

practices , may be refl ected in resul ts reported in thi s  

section , so  are considered here i n  detail . 

In  its original state soil at the si te compri s ed 

Manawatu fine s andy loam ( Cowie 1 9 7 2 ) .  The general 

area was undul ating , and had been intens ively dairyfarmed 

for many years . I n  1967- 1 68 ,  the area was levelled . 

To achieve this , topsoil and subsoil were stripped and 

stockpiled s eparatel y .  Underlying material ( a mixture 

of bedded medium and coar se s ands , with local ised 

inclus ions of deeper sandy loam ) was level led , then 

subsoil and topsoil were repl ac ed evenly and in order . 

I n  its modified s tate the profile typically compri sed 

s ome 45 cm of fine s andy loam , overlying bedded medium 

and coarse s and , in turn overlying gravel at about 2 . 7 5 

m depth . 

Pasture was sown in 1968 , and grazed by sheep . 

I n  its undis turbed s tate , the soil is free-draining and 

incl ined to summer drought . Local ised areas wi th 

impeded drainage became apparent in th e levelled soil . 

Lack of ear thworms was considered a pos sible reason , 

but the mor e  l ikely expl anation was that compaction had 

oc curred when heavy machinery was involved in level l ing 

and sp reading soil . In spring 1 9 70 the experimental 

s i te was s ubsoiled to a depth of 4 6  cm . Sub-soil ing 

was carried out at 0 . 5  m spac ings , in two directions at 

r ight angl e s . Thi s  cul tural pr acti ce had the e ffect 

of lifting the in s i tu soil by 5 to 10 cm , fracturing 

the profi l e  in the process , and left in the subsoil a 

s eries of channel s through which the angl ed foot o f  th e 

s ubsoiler had been drawn . 

In autumn 1 9 70 the si te was deep-ploughed ( 20 cm }  

and the experimental sward was suc ces s fully establ i sh ed .  

Fertil isers and lime were appl i ed over the peri od 1 9 69-
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' 71 .  In  as sociation wi th resowing , the ploughed area 

received 2 . 5  t lime/ha and 3 7 5  kg potassic 

superphospha te/ha ( 2 2 . 5  kg P/ha , 60 kg K/ha and 2 7 . 5  kg 

S/ha ) .  These were worked into the topsoil . Subsequent 

inputs during pas ture es tabl ishment comprised 2 5  kg P/ha , 

2 2 . 5  kg N/ha and 1 5  kg Mg/ha . An ac tive popul ation of 

earthworms was es tablished . 

Treatments were imposed in autumn 1972 , four years 

after the s i te had been levelled . By that time , the 

area suppor ted a vigorous 1 Grass l ands Ariki ' ryegrass 

( Lol ium x [ ( multiflorum x perenne ) x perenne] ) -

1 Grasslands Huia 1 white clover ( Tr i fol ium repens ) sward , 

which had been managed under periodic mob-stocking wi th 

sheep for the two years from sowing . There was then 

no s ign of impeded drainage in any part of the field . 

The soil was expected to behave i n  a manner simi l ar to 

any other comparable , recent alluvium ( J . D . C0wi e ,  pers . 

cornm. ) ,  wi th the advantage for smal l plot studies that 

it  was cons iderably more uniform than when in i ts 

natural s tate . The author would consider thi s  soil  as 

reasonably represen tative of any comparabl e alluvial 

soil , which had been subjec ted to repeated cropping over 

a period s imil ar to that involved when l evelling ,  

ploughing and resowing took pl ac e . 

Chemical charac teristics of the soil have been 

presented ( Sections I I , B ,  1 & I I I ,  B ,  1 ,  and Section 

I I I , Table 1 6 ) . Analyses of representative samples 

taken before the s tudy commenced indicated a relatively 

uni form ,  f er tile s i te .  Topsoil C/N r atio was 9 . 5 

( organic C = 1 . 74% �  total N = 0 . 183% )  and pH was 6 . 1  

( CEC = 11 . 4  me % �  base saturation = 9 7% ) . A basal 

fertil iser policy was pursued throughout wi th the aim 

of precluding deficiency of any nutrient other th an 

nitrogen . As discus s ed previously ( Section I I I , D ,  2 ,  

c ) ,  the pos s ibil i ty of marginal phosphate deficiency 

and induced potass ium defic iency cannot be ruled out 

entirely ,  whe re swards were continuall y  cut and the 

herbage r emoved . 



2 Treatments 

- 10 6 -

A detailed account of treatments has been given 

( Section I I ,  B, 2 ,  a ) . 

( a )  Method of defol iation 

The per formance of swards was compared when sub j ec ted 

to periodic mob- s tocking wi th dry sheep ( grazing ) , or 

repeated mechanic al defol iation wi th a shearing 

handpiece ( cutting ) . 

Small paddocks ( 0 . 0 2 5  ha ) were used for measurements 

under graz ing . Sheep were pre- fed for 2 4  to 3 6  h on 

pasture receiving the rel evant treatments ,  before 

entering the experimental swards , and were managed to 

minimi s e  fertil ity transfer . 

Small plots ( 3 . 72 m2 ) were randomly loc ated wi thin 

small paddocks of the appropri ate grazed treatme nts , 

for measurements under repeated cutting . They were 

adequately protected from animal s during grazing . All 

material harves ted from the cut swards was removed from 

the experimental area . Otherwise , management was 

common to both defol ia tion treatmen ts , with measurements 

carried out at  the same time and in a common manner . 

( b )  Nitrogen treatments 

A comprehens ive range of measurements , relevant to 

formulating ni trogen bal ances , was carried out on only 

4 of the 7 ni trogen treatments impos ed . The 4 

treatments were : 

1 ( NO )  = grass-clover , control sward � 

3 ( Nll2 ) = grass-clover sward receiving a total of 

112 kg N/ha , in spl it dressings over the 

period l ate autumn to e arly s ummer (.£ 9 

month s ) �  

5 ( N448 ) = grass-clover sward receiving a total of 

448 kg N/ha , in  spl it dre s sings as above ; 

7 ( Gras s )  = a sward maintained free of clovers , and 

receiving no ferti l iser nitrogen . 

All 4 treatments were measured under both grazi ng and 

cutting . 

C l overs were removed from the original sward to 

create treatment 7 ( Gras s ) ,  by spr aying wi th a sel ective 
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herbicide ( Sec tion I I , B ,  2 ,  b ) . Volunteer clovers 

were subsequently hand-weeded or spot- sprayed as 

neces s ary . 

Ni trogen treatments were maintained wi thin 

individual , small paddocks to preclude the pos s ibility 

of ni trogen trans fer between treatments dur ing grazing . 

3 Exper imental Procedure 

Detailed accounts of sward management and 

exper imental proc edure associ ated wi th herbage 

measurements have been given ( Sections I I ,  B ,  3 & I l l , 

B ,  3 ) . 

( a )  Field sampl ing proc edure 

Total soil ni trogen was monitored under both grazed 

and cut swards. I t  was measured in the top 45 . 7  cm 

of the profile , at 4 depths ( 0 - 7 . 6 ,  7 . 6-1 5 . 2 ,  1 5 . 2 - 30 . 4  

and 30 . 4- 4 5 . 7  cm ) .  At leas t one set of measurements 

was made annual ly , but not all plots nor soil depths 

were s ampled at each measurement .  I ndividual so il 

cores (£ 2 . 5 cm di a . ) were drawn from the plots on a 

s tratified , random sampl ing basis  ( Petersen & C alvin 

1 9 6 5 ) .  For each sample , cores were taken in 

proporti onal numbers from sections of a grid wi thin 

that plot , but cores were obtained from individual 

micros ites  at random . Immediately before treatment s 

were imposed , dupl ic ate s amples each compris ing 50 

separate cor es were taken from within each of the grazed 

paddocks , and single s amples each compris ing 10 separate 

cores from the cut plot s .  A subsequent study of 

sampling errors indicated that the latter s ampl ing 

intens ity was insufficient . Thereafter , both grazed 

and cut treatments were s ampled in dupl ic ate , but each 

s ample from below cut swards compri sed only 40 bulked 

cores . Where applicabl e ,  mean values from duplicate 

measurements within plots were used in subsequen t  

s tatistical analyses . 

An endeavour was made to carry out the field 

sampl ing under similarl y moi s t  soil conditions ( near , 

but not exceeding field capacity ) at each measu rement .  
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Each core was taken to a depth exceeding 46 cm .  I t  

was then c arefully transferred from the tube s ampler by 

sl iding it onto a hal f-round , graduated p . v . c .  holder , 

and cut into the 4 s eparate sampling depths . After 

the 50 ( or 40 ) plugs from each depth had been assembl ed , 

they were check-counted , then bulked wi thin s ampl ing 

depths to give 4 compos ite samples per plot . 

Duplic ate s amples wi thin plots were separately identified 

On the same day as they were taken , field-moist samples 

were pl aced in forced-air ovens ( <  30°C ) . Wnen air­

dried , sampl es were weighed for volume weight 

deterrninations . Sub- samples ( c  50 0 g )  were then 

obtained using a quartering technique , ground ( <  2 mm )  

and s tored i n  airtight tins pending anal ys i s . 

Addi tional sub- sampl es ( 2  x 2 0  g )  were taken from each 

s ampl e  to determine moisture content . Dur ing the fi eld 

sampling ,  any cores obviously compac ted or mutilated on 

removal from the tube s ampler were discarded . Minor 

compress ion ( 3  to 6 mm in 460 mm ) occurred cons i s tentl y ,  

and was disregarded i n  calcul ating volume weights . Th e  

diameter o f  repl aceable cutting tips on tube s amplers 

was accurately recorded . Holes  formed by removal of 

soil cores were immedi ately filled with dry river s and , 

to minimi se any effects on soil water movement and/or 

soil aeration . Inclusion of a coarse sand frac tion 

provided a ' marker ' for previous sampl ing holes , during 

sub sequent sampl ings . 

Soil c arbon was measured in half the sampl es taken 

for total soil nitrogen deterrninations ( two of the four 

repl icates ) to asses s any influence of treatmen ts on 

soil c arbon-nitrogen rel ationsh ips . 

Nitrogen fixation ( N2 ( c 2H2 ) fixation ; Hardy et al . 

1 9 6 8 ) was assayed in the grazed treatments only1  dur ing 

the final full year of the s tudy ,  following the 

technique described by Hoglund and Brock ( 19 7 8 ) .  

Four teen cores , each 0- 7 . 6 cm , were taken from each 

small paddock on a s tratified , random sampling basis , 

u s ing a 2 . 54 cm diameter tube s ampler . Cores were 

bulked in one litre incubation j ars , which were s e aled 
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and plac ed into a sunken , water-fil led trough as 

s ampling proceeded . A further set of 14 cores was 

taken to a depth of 30 . 4  cm from representative pasture , 

and divided into 4 equal 7 . 6  cm depths to assess 

percentage ac tivity at different depths . On completion 

of s ampl ing , 50 ml air in the incubation vessel s  was 

replaced wi th acetyl ene (£ 1�/o acetylene atmosphere ) ,  

and the s amples were incubated one hour ne:tr midday. A 

gas bl ank was al so incubated . Per iodic inclus ion of 

soil bl anks gave no indication of ethyl ene production 

from this  soil , nor in an ad j oining experiment (Hoglund 

& Brock 1 9 78 ) .  Regular checks during these incubations 

confirmed that temperatures of the water in the trough , 

and of so il at 5 cm depth , were within 1°C .  The trough 

and jars were protec ted from direc t sunl ight du ring 

incubation . On completion of incubation , gas s amples 

were trans ferred to evacuated 5 ml vials , using double­

ended needles . N2 ( c 2H2 ) fixation was assayed twice per 

regrowth period , ne ar the middle and fi nish of each . 

Mineral ni trogen levels were measured in the top 

45 . 7  cm of the pro file , in the grazed treatments onl y 

dur ing the final full year of the study.  Eight cores 

were taken from each small paddock on a s trati fied , 

random s ampling bas i s , with field procedure otherwi se 

the same as for total ni trogen sampl ing . Individual 

soil plugs were bulked and , immediately after collection , 

were plac ed in polyethylene bags and s tored under ice in 

an insulated bin .  Wi thin 4 h of col lec t ion , but 

generally sooner , the fi eld-moist samples were mixed 

thoroughly and sub- samples were drawn us ing a quar tering 

technique ,  for both mineral ni trogen and water content 

determinations . Twelve g s amples of f ield-moist soil 

( c  10 g dry soil ) were extrac ted for one h by shaking 

wi th 100 ml 2 � KCl , and the extrac ts were filtered 

through a Whatman No . 42 paper . Fil trates were s tored 

( 5°C )  until analys is  the next day . The bal ance of 

each field-moist s ampl e  was al so s tored ( -18°C }  to allow 

for any repeat analyses . Sampl ing was normall y  carried 

out twice per regrowth period , but s ampl ing frequency 
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was increas ed over late autumn , when the sampl ed 

profile was r ewetting after seasonally dry summer-early 

autumn weather . In calcul at ing pool s i zes for mineral 

ni trogen , volume weight data obtained in as soci ation 

wi th total soil nitrogen measurements were used . 

( b )  Analytical proc edure 

Chemic al and gas analyses followed standard 

prac tices wi thin Gras slands Divi sion ' s  analytical 

services . Soil water was determined by drying 20 g 

sub-samples , generally in duplic ate , at 105°c for 1 6  h .  

For total soil nitrogen and carbon analyses , a small 

representative quanti ty of soil was obtained from each 

of the bulk ( <  2 mm ) sub- s amples , us ing a tube to take 

several cros s-sectional sub- sub- samples vertically 

through the content of each s torage tin . The bulked 

sub- sub- samples were finely ground ( � lOO mesh B . S .  

s i eve ) .  For total ni trogen , 1 . 4  g soil was diges ted 

by the Kj eldahl method ( s elenium catalys t ) and nitrogen 

was determined colourimetrically on the diluted (£ 1 N 

H2 so4 ) ,  centri fuged diges t ,  using a Technicon 

AutoAnalyser , by the hypochlorite-phenol reaction with 

ammonium (Williams & Twine 1 9 6 7 ) .  No provi s ion was 

made for recovery of ni trate ni trogen during total soil 

ni trogen determinations ( Gob 1 9 7 2 ) as l evel s were found 

to be generally low at the time of sampl ing . For the 

prel iminary s tudy into s ources of error assoc iated wi th 

total soil ni trogen determinations , analyses were 

conduc ted on reference topsoil and subsoil bulk samples , 

and sub- samples from individual soil cores . Soil 

carbon was determined on 1 to 1 . 5 g sub- samples by 

chromic acid digestion ( Barkoff 1 9 54 ) . Methods for 

gas analys es have been reported in detai l ( Hoglund & 

Brock 1978 ) .  A ratio of 3 : 1  for ethylene produced 

( af ter allowance for a gas bl ank } : N2 fixed was used 

(Hardy et al . 1968 } ,  wi th time and area fac tors used for 

c alculating kg N fixed/ha- 7 . 6  cm/day . Ni trogen 

fixation in the prof ile was then c alcul ated us ing the 

percentage ac tivi ties a t  each depth , from the 30 . 4  cm 

deep sample . On average , 8�� of activity was recorded 
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at 0- 7 . 6 cm . Ammonium and nitrate nitrogen were 

determined concurrentl y in the f i lt ered KCl extracts , 

using automated colourimetric techniques . Ammonium 

was determined using the hypochlorite-phenol reacti on , 

with sodium ni troprusside addition to accentuate colour 

development (Brown 1 9 7 3 ) and ni trate as nitrite 

following hydraz ine reduction , by the sulphanil amide­

naphthyl ethyl ene diamine method ( Henzell et al . 1 9 68 ) .  

Periodic checks were made for nitrite nitrogen in 

extracts , bu t none was found . 

S tandard checks on qual ity control were used 

rout inely throughout the chemical anal yses . For tot al 

soil ni trogen and carbon , dupl icates of reference 

topsoil and subsoil bulk s amples were taken through the 

full analytical procedure , duri ng every analyt ical run . 

Mineral nitrogen analyses were initially cros s-checked 

against s team dis till ations , and l ater against extrac ts 

of known c ompos i tion . For all chemical determinations , 

analyses were duplicated on 1�� of • unknowns • .  

Analyses  were repeated in thos e  few ins tances where 

serious discrepancies occurred , or where there was 

doubt about individual val ues . 

Two terms used in this  report require defini tion . 

1 Nitrogen content 1 is  used in the conventional sense 

(g  N/100 g soil ) .  Thos e  resul ts are reported on an 

air-dry soil basi s  ( average correc tion = x 1 . 008 ) . 

The term 1 pool 1 i s  used to denote the weigh t  of ni trogen 

in the profile at various s ampling depths . Thos e  

result s  are reported on a dry soil ( 10 5°C )  bas i s . 

(Note : where appropriate , an individual depth is  

speci f i ed to  denote the sampl ed profile to  that depth . 

Thus , the nitrogen pool • to 1 5  cm • or • to 45 . 7  cm • i s  

the weight o f  ni trogen ( kg N/ha ) throughout the profil e  

to tha t  s ampl ing depth . Likewi s e , th e  term ' kg N/ha-

15 cm ' or 'kg N/ha-45 . 7 cm • denotes the nitrogen pool 

from the surface to the sampl ing depth specified . 

When necessary , individual sampling depths are 

speci fi ed , viz 1 0- 7 . 6  cm • ,  1 7 . 6- 15 . 2  cm • and so  on ) .  
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4 Design and Statis tic al Proc edur e  

Ni trogen treatments were randomly assigned t o  plots 

wi thin each of 4 repl icates . Small plots for 

measurements under cutting were loc ated , us ing 

randomised co-ordinate s ,  within corresponding grazed 

areas . Anal yses of variance were carried out us ing 

conventional s tatistical procedure ,  including tests for 

main treatment ( defol i ation method and nitrogen 

treatment ) effects , and interactions between these where 

appropriate . 

Two to four significant figures were included in 

raw data for s tati stical anal yses . Means have been 

severely rounded in some cases to facil i tate tabul ation . 

Unad justed means are pres ented throughout thi s  sec tion . 

C RESULTS AND DISCUSSION 

l S0il Total Nitrogen 

Exper imen tal swards occupied an area of about one 

ha in this s tudy , on a flat , ostens ibly uniform s ite 

( S ec tion I I ,  Fig . 1 ) . Neverthel es s ,  it was appreci ated 

from the outset that di fficulty would be encountered in 

attempting to measure any smal l  changes l ikely to occur 

from year to year , rel ative to the very large pool of 

total soil ni trogen which normall y  exi s ts under pasture . 

The prof i l e  to 4 5 . 7 cm contained on average 8 lOO kg N/ 

ha . Change would not normal ly be expec ted bel ow 1 5  cm 

( Jackrnan 1 9 6 6 ) , but deep-pl oughing two year s before the 

s tudy commenced raised this pos s ibi l i ty . On the basi s  

of change i n  the top 1 5  cm o f  soi l  only ,  to detect a 

movement of lOO kg N/ha required sampl ing and measurement 

procedures of suffic ient preci s ion to detec t a change of 

approximately 0 . 0 0 6% in total ni trogen content of th e 

topsoil s amples ( one in 32 , for the average 3 2 0 0  kg N/ 

ha-15 cm ) .  

Difficultie s  assoc iated wi th obtaining represen tative 

soil samples , and errors of obs ervation have been 

reviewed ( Pe tersen & C alvin 19 6 5 � Kempthorne & Allmaras 

1 9 6 5 ) . S tudies reviewed by Beckett & Webster ( 1 9 7 1 ) 
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were mostly concerned with spatial variabil ity in soi l s  

s ampl ed for mapping and/or advi sory purposes . Few 

detailed s tudies have been concerned with recording 

changes in the ni trogen or organic matter content of 

soils over relatively short periods o f  time , to follow 

the effects of different cultural pr actices . In the 

abs ence of literature relevant to measurements in New 

Zealand pastures , it was decided to undertake a 

prel iminary s tudy into errors as soc i ated with soil 

total nitrogen de terminations . 

( a )  Prel iminary error s tudies 

Bulk reference samples of topsoil ( 0- 7 . 6  cm ) and 

subsoil ( 1 5 . 2 - 30 . 4  cm ) were assembled , made up of 

individual cores taken from the experimental site on a 

s trati fied , random s ampl ing bas is . These samples were 

prepared for analysi s as described under • materials and 

methods ' .  Repeated analyses , cross- referenced to 

r esults obtained by s team distill ation , indic ated an 

unacceptabl e l evel of error in exis ting labor atory 

procedure . A commonsense approach was adopted to 

reduc ing these errors to a level compatible wi th the 

experimental ob j ective , but no attempt was made to 

quantify the various sources of error as sociated with 

laboratory measurement s .  

Several sources of error were ident if ied . The 

mineral component of soil interfered with col ourimetric 

readings in a variabl e manner : overcome by includi ng 

soil ash ( from the appropriate depth ) in ammonium 

s tandards , and centrifuging diluted diges ts before 

fill ing s ampl e  holders .  Evaporation from s ample 

holders occurred , exaggerated by l ong analytical runs : 

overcome by enclosing and humidifying the immediate 

environment o f  the s ampl ing tabl e .  Baseline shift 

often occurred during long runs : surmounted by 

reducing the number of samples per run , and inc ludi ng a 

long wash period , with basel ine ad justment i f  neces sary , 

between analytical runs . Small errors were apparent 

in reading peak heights from pen t r aces , both in 

drawing up the s tandard curve and reading unknowns : 
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r educed by dupl ication of colourimetric readings for 

s tandards and samples . 

The f inal procedure incorporated al l the 

aforementioned modi fic ations . All determinations were 

c arried out by the s ame personnel over an unbroken 

period ,  after the field work had been completed . 

Digestions were not duplic ated ( except 10% for routine 

checks } .  A single run for determining ammonium levels 

in the diluted digests comprised 6 s tandards , one 

reference sample , 8 unknowns , a further reference sample 

then repeat s tandards , all analysed in duplicate . In  

preparing s tandard curves and reading unknowns ,  mean 

peak heights were used . Us ing th is methodology , total 

error as sociated with l aboratory measurements was reduced 

to an acceptable level . Values li s ted in Table 18a 

are for repeated analyses of sub- s amples from two bulk 

reference samples , put through the analytical proc edure 

as • unknowns ' in di fferent runs spanning a peri od of 

several weeks . The s tandard deviation was 0 . 7 7% ( 0 . 45% )  

o f  the mean for topsoil ( subsoil ) sampl es , or about one 

third of that initially encountered in the method . 

Total ni trogen content was then determined in sub­

samples from numerous individual soil cores to gain an 

assessment of errors l ikely to be associated with both 

field s ampling , and subsequent mixing and sub- s ampling .  

These cores were from the initial s ampl ing , immediately 

before treatments were imposed . While s elected at 

random , cores were included from two small paddock s and 

corresponding smal l plots of each replicate . Further , 

1 6  pairs  of composite s amples were as sembled , using 

s tandard mixing , grinding and quartering techniques .  

Each composite consis ted of equal proportions , one 

eighth , of the soil from the individual cores t aken 

from that paddock or small plot . Analytical r esul ts 

from both the surface and a deeper soil depth are 

reported in Table 1 8b .  

C ompared wi th the l aboratory , the field was a 

potential source of enormous error . C ollectivel y ,  the 

single measurements on individual cores (Tabl e  18b ) 
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· TABLE 18 - Variabil ity in measured values for soil total nitrogen content : 
( a )  among repeated ·analyses o f  reference samples ; ( b )  among individual 

cores drawn from within smal l paddocks and small plots 

No . Mean Range S . D .  

( t ) (% N )  (% N )  (:!: ) 
( a )  Reference samQles 

Topsoil 2 1  0 . 18 2 5  0 . 178 - 0 . 185 0 . 0014 
Subsoil 11 0 . 13 2 7  0 . 132 - 0 . 134 0 . 0006 

( b )  Individual cores 
I A Paddock: topsoil :f 2 7  0 . 188 0 . 146 - 0 . 2 2 8  0 . 0 2 5  

subsoil 2 7  0 . 155 0 . 068 - 0 . 253  0 . 047 
I a Small plot : topsoil 6 0 . 192 0 . 153 - 0 . 2 2 2  0 . 0 2 7  

subsoil 6 0 . 151 0 . 138 - 0 . 164 0 . 0 11 
I B Paddock : topsoil 2 7  0 . 184 0 . 132 - 0 . 236 0 . 02 7  

subsoil 2 7  0 . 167 0 . 106 - 0 . 2 50 0 . 034 
I b Small plot : topsoil 6 0 . 146 0 . 129 - 0 . 170 0 . 015 

subsoil 6 0 . 112 0 . 088 - 0 . 145 0 . 0 2 7  
I I  A Paddock : topsoil 2 7  0 . 18 1  0 . 132 - 0 . 242 0 . 02 7 

subsoil 2 7  0 . 148 0 . 0 76 - 0 . 2 38 0 . 044 
I I  a Small plo t :  topsoil 6 0 . 173 0 . 142 - 0 . 2 24 0 . 02 9  

subsoil 6 0 . 156 0 . 106 0 . 203 0 . 031 
II B Paddock : topsoil 2 7  0 . 190 0 . 138 - 0 . 2 34 0 . 028 

subsoil 2 7  0 . 151 . 0 . 097 - 0 . 213 0 . 0 33 
I I b Smal l plot : topsoil 6 0 . 185 0 . 145 - 0 . 257  0 . 047 

subsoil 6 0 . 160 0 . 110 - 0 . 214 0 . 038 
III A P addock : topsoil 2 7  0 . 184 0 . 12 7  - 0 . 2 2 7  0 . 02 6  

subsoil 2 7  0 . 151 0 . 108 - 0 . 209 0 . 0 3 1  
I I I  a Small plot : topsoil 6 0 . 16 2  0 . 140 - 0 . 197 0 . 019 

subsoil 6 0 , 142 0 . 120 - 0 . 210 0 . 034 
I I I  B Paddock : topsoil 2 7  0 . 20 2  0 . 12 5  - 0 . 318 0 . 041 

subsoil 2 7  0 . 146 0 . 063 - 0 . 2 1 5  0 . 0 31 
III b Small plot : topsoil 6 0 . 21 5  0 . 177 - 0 . 290 0 . 040 

subsoil 6 0 . 140 0 . 108 - 0 . 180 0 . 030 
IV A Paddock : topsoil 2 7  0 . 154 0 . 12 1  - 0 . 2 1 1  0 . 0 20 

subsoil 2 7  0 . 11 5  0 . 065 - 0 . 193 0 . 034 
IV a Small plot: topsoil 6 0 . 155 0 . 132 - 0 . 184 0 . 0 2 1  

subsoil 6 0 . 11 1  0 . 098 - 0 . 13 5  0 . 0 14 
IV B Paddock : topsoil 2 7  0 . 193 0 . 1 10 - 0 . 3 10 0 . 048 

subsoil 2 7  0 . 136 0 . 072  - 0 . 280 0 . 045 
IV b Small plot : topsoil 6 0 . 189 0 . 143 - 0 . 2 1 7  0 . 02 6  

subsoil 6 0 . 142 0 . 097 - 0 . 195 0 . 0 34 

+ No . of observations : ( a )  repeat analyses; (b ) single anal yses . 

* Values tabul ated are for 0- 7 . 6  and 1 5 . 2-30 . 4  cm sampling depths . 
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indicate that total ni trogen content in the bas ic 

s ampl ing unit varied by a fac tor of three or  four , 

within sampl ing depths , over the experimental s i te .  

Within depths , variation among values for individua l 

cores drawn from the same paddock or smal l plot often 

exceeded two- fold . On average over all s ampl ing 

depths , variabi lity among individual values from small 

plots ( 3 . 7  m
2

) was almost as great as variation among 

thos e  from small paddocks ( 2 50 m2 ) .  

When endeavouring to measure change over time in 

any soil par ameter , one is deal ing with the di fference 

between consecutive measurements , each of which includes 

as soc i ated error . As such , differences exhibit 

substant ially greater error variance than that 

encountered at either of the individual measurements . 

In inves tigating treatment effects under these 

circums tances , one is  comparing differenc es with 

differences . Taking these cons iderations into account , 

an analys is  of vari ance was carried out on the results 

to obtain es timates of s ampl ing intens i ty required to 

overcome soil heterogenei ty in the fiel d ,  to al low 

detection of treatment differences of specified 

magni tude . As variance was quite simil ar among values 

obtained from all 4 s ampl ing depths , the data were 

amalgamated . Wi th 4 replic ates , those estimates wer e :  

Cores/pl ot , t o  detec t a treatment 

dif ference of 0 . 0 1% N 

C ores/plot to detect a treatment 

difference of 0 . 005% N 

( S tandard error of mean total 

soil �� } 

Paddocks Plots 

42 34  

170  1 3 7  

c±o . 0 3 3 2 ) ( ±0 . 02 9 9 ) 

Analytical values from the composite s amples ( S . E . 

± 0 . 00 1 6 ) indicated that the combined effec t of  all 

errors as sociated wi th measurements , following removal 

of the basic sampling units f rom the fie ld , was 

relatively minor . Vallis ( 19 7 3 ) reached a s imilar 

conclusion in an error s tudy into s ampling for soil 
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total n itrogen changes in large areas of grazed pas ture , 

in Queens l and .  

This  error study was undertaken in association 

with the firs t soil sampling , and results were appl ied 

to subs equent s ampl ings . That vari ation in smal l 

plots was almost 8�/o of that in paddocks was unexpected , 

and indicated that the intens i ty of sampling below the 

cut swards had to be greatly increased . I t  was not 

prac ticabl e to collect the very l arge numbers of samples 

indicated by this  prel iminary s tudy , neithe r in terms 

of the work-l oad nor the influence that such intens ive 

sampl ing may have had on pas ture per formance in small 

plots . The compromi se adopted was to take duplic ate 

samples of 50 cores ( 40 cores ) from each smal l paddock 

( smal l plot ) , in al l 4 replicates . This was e s timated 

to allow detection between treatments of dif ferences as 

small as 0 . 0 0 5% N, at 1 0% probabi lity .  

Biggar ( 1 9 7 8 ) has revi ewed the topic of spatial 

variabi lity in soil total ni trogen and organic matter 

contents . From cons ideration of data in the world 

literature , he arrived at the fol lowing general conc lus ions 

of rel evance to thi s s tudy :  that up to one hal f o f  the 

variance wi thin a field may be present in any m2 of that 

field � that total nitrogen is no more variable in its 

distribution than organic matter � that variabil ity in 

subsoil organic matter i s  cons i s tently neithe r more nor 

less than that in surface soil � and that the varianc e 

for unal tered landscapes is  generally les s ,  for both 

organic matter and total ni trogen , than for similar 

areas of cult ivated land . 

The information gathered in this error s tudy i s  

largely i n  accord with the above generalities . A 

weaknes s is  that the work was c arried out on a soil 

which had been dis turbed . Sampl ing depth coincided 

almos t  exactly with the depth of soil which had been 

s tockpiled and redistributed after levell ing of the 

subsoil . While the view i s  held that the s ampled 

prof ile would have exhibi ted greater variabil i ty in i ts 

natural s tate , then a mos aic of elevated , drier areas 
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and damp hollows , the extent to which these resul ts are 

general ly appl icable remains open to ques tion . An 

early s tudy ( Robinson & Lloyd 1 9 1 5 )  indic ated tha t soils 

formed on tr ansported mater i al s  are inherentl y more 

variabl e than sedentary soi l s  derived from bedrock in 

s i tu .  In  a previous study at Gras slands Divis ion on an 

older alluvial soil (Karapoti s i lt laom � Cowie 1 9 7 2 ) , 

which had been surface-cult ivated , cons iderable spatial 

variabi l ity was observed in total ni trogen content of 

the surface soil ( Harris & Brougham 196 8 ) . This was 

rel ated to the micro-distribut i on of cons tituent sp ec ies  

in  a mixed pasture ( loc .  cit . ) .  

Pete r s en & C alvin ( 19 6 5 ) put forward the general 

vi ew that heterogeneity i s  more pronounced in surface 

than deeper soil . These field results do not concur , 

at least for total ni trogen at thi s s i te .  However , 

the l aboratory analyses do ( Table 1 8 a ) , sugges ting that 

either s ample heterogeneity , hence sub-sampl ing error , 

was greater wi th topsoil than subsoil , or that the 

analytical method was more var i able at a highe r 

nitrogen content . In  thi s  context i t  is perti nent to 

note that the total soil ni trogen content of surface 

soils under permanent pas ture in New Zealand is 

frequently very much higher th an that observed in thi s  

s tudy . Wh ile values greater than 0 . 3% are common 

( Walker 1 9 6 8 ) , nitrogen content approaches 1% at 

0- 7 . 6 cm in some al lophanic soils ( Jackman l960a ) .  To 

the extent that the present results are general ly 

applicabl e ,  difficulty would increase in attempts to 

measure small changes in the soil total nitrogen pool 

resul ting from treatment effec ts , as soil ni trogen 

content and the s iz e  of the pool s increased . Thi s  i s  a 

particul arl y  vexing problem to stud i es in permanent 

pas tures ,  where pool s izes are l arge , and important 

agronomic influences ( e . g .  annual ni trogen input by 

biol ogic al fixation ) repre sent only a small frac tion of 

the total pool . As noted by McGar i ty ( 195 9 ) ,  when 

faced with this dilemma in New South Wales : 

' Prel iminary s tudies of total nitrogen . • •  showed th at 



- 118 -

the inherent variabi lity ,  coupled with high total 

content , would el iminate any pos s ibil ity of a 

meaningful determination of the soil ni trogen increment 

by direc t measurements , after only one or two years of 

sod- s eeded pasture 1 •  That author was commenting on 

soils for which the average total ni trogen conten t was 

0 . 2 �/o ,  with his ac tual study conduc ted on a gr as s l and 

soil of 0 . 4 5% N. On the other hand , Vallis ( 1 9 7 3 ) ,  

working in Queensl and , concluded that the practic al 

problems could be surmounted by use of mechanical 

methods for taking sufficient numbers of soil cores , and 

by use of automated anal ytical methods . He stud ied 

spati al variability for total soil ni trogen in five 

pas ture soils and found tha t var iation increased with 

s ampling area up to,  but not beyond , 1 . 2  to 2 . 4  ha . 

The most efficient method of s ampling for changes in 

total nitrogen content was to sample repeatedly a fixed 

set of small si tes , allocating one to three cores per 

si te . The number of cores required to measure a change 

in the total ni trogen pool at 0 - 1 5  cm in a field , wi th 

a probability of 0 . 8  that the mean change would be 

within ± 50 kg N/ha , ranged from 1 50 to 1 000 among 

different pas tures . While the total ni trogen content 

( average £ 0 . 14% )  of the soils studied was rela tivel y 

low for gras sland , es timates for the number of cores 

required for a stated l evel of precision was not closely 

related to soil ni trogen content ( l oc .  cit . ) .  

(b ) Sampl ing schedule 

Initial s ampling in autumn 1 9 72 included all 

depths of all treatments .  Rainfall and supplementary 

irrigation ( di scussed in Section I I , B ,  1 )  had rewetted 

the soil prof ile by the time that sampling took plac e .  

Dry conditions the following au tumn del ayed , and made 

sampl ing very difficult . So a decis ion was made to 

abandon autumn s ampling in favour of mid wi nter , when 

mois t  soil conditions coupled wi th low rainfall would 

normally be expected . Even under ideal condit ions , a 

full sampl ing required many weeks 1 field work . 

Complete s ampl ings were carried out in the mid winters 

of 1 9 7 3  and 1 9 7 5 .  In 1 9 74 ,  only the 0 - 7 . 6  and 7 . 6- 1 5 . 2  
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cm depths of al l treatments were sampled . 

m1ile pointing out that these were not c al endar 

years , sampl ings 1n succe s s ive years have been 

des ignated 0 ,  I ,  II and I l l  for tabulation . For 

consideration of any change in parameters over time , the 

period between sampl ings 0 and I is referred to as 1year 

I ' ,  and so on . Data from sampl ing 0 are likely to be 

less reliable than those from l ater sampl ings , when the 

intens ity of sampling from the smal ler , cut plot s was 

increased . 

In  as soci ation with the changeover from autumn to 

winter sampl ing , one repl ic ate was sampl ed completel y in 

autumn 1 9 7 3 . Values obtained ( 3 2 data points ) were 

compared wi th correspond ing values from the precedi ng 

( autumn 1 9 7 2 ) and following ( winter 19 7 3 ) sampl ings . 

Anal yses of variance indicated that no change in ni trogen 

content , volume weigh t  or the size of total s oil ni trogen 

pools had occurred in as sociation with this shift in 

time of sampling .  

( c )  Changes over time 

To as sess any gener a l  pattern of ch ange over the 

course of the experiment , analyses of varianc e were 

conduc ted on all avai labl e data to tes t for di fferences 

between cons ecutive samplings . Re sul ts are summari sed 

in Fig . 9 and Fig . 10 . S igni f icant ch anges between 

s amplings are shown , and an indication of error variance 

is given in the tabul ated values for coeffic ient of 

variat ion ( C V ) . 

Averaged over all treatme nts there was no s ignificant 

change between samplings in the ni trogen pool observed 

in the measured soil prof il e ,  during the three-year 

s tudy period ( Fig . 9 ) .  However ,  the average s i z e  of 

thi s  pool decl ined s igni ficantl y ,  from 8 . 0 8 to 7 . 7 6 t 

N/ha ,  between the initial and final sampl ing ( result* ) .  

Signi ficant differences were detected wi thin individual 

depth s : a decl ine of 9 5  kg N/ha at 0 - 7 . 6  cm , between 

samplings 0 and I �  and of 50 kg N/ha at 7 . 6- 1 5 . 2  cm ,  

between sampl ings I and I I  ( Fig . 9 } . 

Soil carbon was measured in s amples from only two 
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FIGURE 9 - General trends in s oil total nitrogen 

pool s and C/N ratio over the course of the 

exper iment ; ( s igni ficant changes between 

consecut ive s arnplings are indic ated ) 
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FIGURE 1 0  - General trends in soil total ni trogen 

c ontent and bulk dens ity over the course of th e 
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of the four replicates ,  so there was little l ikel ihood 

of measuring smal l ch anges over time or small treatment 

di fferences , becaus e of the stringency of the assoc i ated 

stat i s tical tes ts . Amalgamation of data from al l 

treatments indicated a highly significant increase 1n 

the carbon content of the surface soil between the 

start and finish of the s tudy ( from 1 . 81 to 1 . 9 2% C )  

and a highly signi ficant decline at 1 5 . 2 - 30 . 4  cm ( from 

1 . 3 6 to 1 . 2 5% ) . No di fference was detec ted between the 

init ial and intermediate s ampl ings . 

The only significant change over time in so il  C/N 

ratio was between sampl ings 0 and I ,  in the deepes t  

soil sampl ed ( Fig . 9 ) . N o  likely expl anation c an be 

offered for this resul t .  A s  the corre sponding val ue 

on conc lusion of the exper iment had fallen back , more 

in l ine wi th the initial observation , it seems like ly 

that the resul t assoc i ated wi th the intermedi ate 

measurement was for tui tous . The increasing C/N ratio 

of the surface soil , when viewed in as soc iation wi th 

the increas ing total nitrogen content at tha t depth 

( Fig . 10 ) ,  reflects a measure of organic matter 

accumul ation in the top 7 . 6  cm of the profil e ,  at least 

between the s tart and finish of the s tudy .  

I n  calculating the size o f  soil total ni trogen 

pool s ,  one is consi dering the produc t of total nitrogen 

content and weight of dry soil in that s ampl ing depth . 

Obviously , a change in either wi ll result in a change 

in ni trogen pool size . The only signi ficant changes 

recorded in total nitrogen content ( Fig . 10 ) were 

increases in the top 7 . 6 cm of soil , over years I and 

I I I , and a decrease at 1 5 . 2 - 30 . 4 cm between s ampl ings 0 
and I .  Both these changes have an agronomic al l y  

acceptabl e explanation . The s tudy was initiated o n  a 

s i te which had been deep-ploughed ( 2 0 cm )  only two 

years before . An increase in total nitrogen content 

in the top 7 . 6  cm of soil might have been expected to 

continue over a period of 5 to 10 years (Jackman 196 6 ) . 

Conversel y , the previous deep burial of topsoil during 

ploughing would have been exp ected to have been 

fol lowed by a decline in nitrogen content in the buried 
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soil , over a s imilar period ( loc . c i t . } .  An organic 

matter-enriched zone was clearly apparent at the top of  

cores taken from the 15 . 2-30 . 4  cm depth , during field 

sampl ing . 

Several differences were recorded in bulk den s i ty 

of soil between consecutive s amplings ( Fig . 10 ) .  A 

very highly s igni ficant decl ine was obs erved in the top 

7 . 6  cm over both years I and I I I , and a very highly 

signi ficant increas e in the lowes t depth sampled , over 

the fir s t  year . Those changes have a likely expl ana tion , 

again rel a ted to previous cultural practices at the s i te . 

Bulk densi ty is  relatively low in surface soil s  under 

pas ture . Reported values for mineral soils are about 

1 . 1  (Russell 1 9 7 3 ) ,  or even below 1 ( Hoogerkamp 1 9 7 3 ) ,  

but increase wi th depth . Previous cultivation had 

resulted in a si tuation where bulk densi ty was almos t 

identical at all but the deepes t s ampl ing depth when the 

experiment s tarted ( Fig . 10 ) .  S ome reduction in bulk 

density would have been expec ted in the topsoil , 

certainly at 0- 7 . 6 cm and probably al so at 7 . 6- 1 5 . 2  cm , 

during a period under permanent pasture . Such an 

effect was observed in the top 7 . 6 cm . An inc rease in 

bulk dens i ty in the subsoil would certainly not normally 

be expected . However , the s i te was intens ively 

subsoiled to a depth of 46 cm two years before the 

measurements were carried out . The increase recorded 

over year I is cons idered to have ari s en from subsoil 

reconsolidation . The small er increase ( not 

significant ) in subsoil bulk den s i ty between s ampl ings 

I and I I I  ( Fig . 10 ) ,  indicates that thi s process became 

less apparent as the s tudy proceeded . 

S ignificant changes in measured parameters between 

consecutive s ampl ings rai s e  the ques tion of bias 

( Allmaras 1 9 6 5 ) . These resul t s  may embody some such 

effec ts . The relatively smal l error variance ( low C�/o 

values ) and l arge number of obs e rvations would both 

argue against recording differences in bulk density by 

chance . Yet no l ikely agronomic expl anation c an be 

offered for the successive increase , decline and 
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subs equent rise  of the bulk dens ity value recorded at 

7 . 6- 1 5 . 2  cm ( Fig . 10 ) .  The decl ine in bulk densi ty over 

year II was reflected in a decl ine in the total ni trogen 

pool at that depth , as ni trogen content remained 

virtually unchanged ( Fig . 10) . When viewed as a whole , 

the resul ts indicate some interruption to an 

agronomically l ikely pattern of topsoil devel opment at 

sampling II ( Fig . 10 ) .  At that point , a general 

decl ine in bulk dens it y at 0- 7 . 6  cm was hal ted ,  as was 

a general ris e in ni trogen content in the surface so il . 

Thi s  interruption points to some fo rm of bias operating 

during fi eld s ampl ing in winter 1 9 74 . That wi nter was 

exceptional ly wet ( S ec tion I I ,  Tabl e 1 ) .  However ,  

reasonable care was taken to avoid s ampl ing wet soil s 

above fie ld capacity.  Moreover , if soil compression 

could expl ain the abs ence of an exp ected decrease in 

bulk density at 0- 7 . 6 cm over year I I , it would 

probably al so have been refl ected in results from the 

next depth . There was a break in rout ine procedure , 

1n that the two lower depths were not sampled in 19 74 . 

In i tsel f ,  th at should not have creat ed bias , but may 

have resul ted in some sys tematic error in al igning and 

cutting up cores into s ampling dep th s . The unexplained 

decline in bulk dens i ty at 7 . 6 - 1 5 . 2  cm and absence of 

any decl ine at 0 - 7 . 6  cm, together would point towards 

s ome bias in the divi sion of cores into depth s amples , 

in quantitative favour of the surface depth . Such an 

expl anation i s  al so in sympathy wi th the rel atively l ow 

total ni trogen content reco rded in the surface so il at 

that sampl ing . Clement & Will iams ( 19 64 )  have 

discussed,  as closely related problems , both defining 

the surface of a soil and correc ting for variations in 

bulk dens ity, during successive s ampl ings . 

( d ) Treatment effects 

Changes in the s ize of the total soil nitrogen 

pool throughout the sampled profil e ,  and wi thin the 

various sampl ing depths , are reported in Table 1 9 . 

Only main treatment effects are tabul ated , as no tes t 

of the defol iation x nitrogen treatment interaction 
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TABLE 1 9  - Changes in total soil nitrogen pools (g kg N/ha )  throughout 
the sampled profile,  and at various sampling depths , between 

successive measurements 

Defol iat ion 
Year 

Grazed Cut 0 

Nitrogen treatmentt 

112 448 Grass 

S . E .  

( � ) 

0-45 . 7 cm 

-9 1  -300 -200 -224 -195 -164 
* ns ns ns 

( I I  + I I I ) -91 - 1 5 5  -84 -51 -114 - 243 
ns ns ns ns 

( I  + I I  + I I I ) -182 -455 -284 -275 -309 -408 
* ns ns ns 

0-7 . 6  cm 

I -49 -141 -70 -111 -42 -155 
* ns ns ns 

I I  -13 - 1 1  - 2 8  13 -35 1 
ns * ns ns 

I I I  34 -3 1  10 -36 34 -2 
* * *  * ns ns 

7 . 6-15 . 2  cm 

I 7 -42 -31 -36 25 - 2 8  
* ns ns ns 

I I  -36 -55 -38 -7 -58 -79 
ns ns ns ns 

I I I  2 7  3 3  3 3  2 8  29 30 
ns ns ns ns 

1 5 . 2-30 . 4  cm 

I -96 - 1 2 1  - 8 5  -123 -186 -42 
ns ns ns ns 

( I I  + I I I ) -46 -19 - 2 5  2 15 -120 
ns ns ns ns 

30 . 4-45 . 7  cm 

I 47 4 -14 47 8 60 
ns ns ns ns 

( I I  + I I I ) -5 7  - 72 -3 5  -51 -98 -74 

ns ns ns ns 
t S tatistic al comparisons are between control ( NO )  and other nitrogen 

treatments . 

6 5  

51 

94 

3 6  
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proved s igni fican t .  

The pattern o f  results confirms a general trend of 

decl ining soil nitrogen pools over time , as indi cated 

in Fig . 9 ,  wi th few s ignificant treatment dif ferences . 

Success ive measurements indi cate that the pool in the 

s ampl ed profile fell in all treatment s over the course 

of the s tudy . Dur ing the fi rst year , the decl ine 

observed under cutting ( 30 0  kg N/ha - 45 . 7  cm ) was 

greater than tha t  under graz ing ( 9 1 kg N/ha - 45 . 7  cm ) .  

The ful l profil e was not s ampl ed at the th ird 

measurement , but no s ignific ant differenc e be tween 

defoliation treatments was detected in the rate of 

decl ine over the la tter two years of the experiment . 

Over the three-year study period ,  the total nitrogen 

pool decl ined by 182  kg N/ha - 45 . 7  cm under grazing , 

and 4 5 5  kg N/ha - 45 . 7  cm where herbage was cu t and 

removed . The dif ferenc e ,  2 70 kg N/ha , was s ignificant 

and represents about 3 . 5% of the total nitrogen pool in 

the s ampled profi l e . 

S igni ficant di fferences were recorded between 

defol i ation treatments for changes in the surface soil . 

Over year I ,  the decline in pool s i z e  was less  under 

graz ing than cutting , whi l e  in year I l l  an inc rease of 

34 kg N/ha- 7 . 6 cm below the grazed pastures contras ted 

with a commensurate decrease under cutting .  

Similarly,  during the f i r s t  year a minor gain a t  7 . 6-

15 . 2  cm was recorded below the grazed swards in 

contrast to a fall of 42 kg N/ha under cutt ing . 

Only two s igni ficant di fferences were r ecorded in 

compari sons between control ( NO )  and other nitrogen 

treatments . Recorded values indicated a smal l increase 

during year II in the pool size to 7 . 6 cm under 

treatment Nl l2 , followed by a commensurate r educ tion 

over the final year . As 39 treatment comparisons wer e  

involved , those two resul ts may have ari sen by chance .  

They are self-cancell ing , which sugges ts that they 

reflect s ampl ing error , so no agronomic importance i s  

attached to e i ther resul t . 

Stati stical c ompari son of changes between the first  
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and l ast samplings s imply confirmed the results 

presented in Table 1 9 . No difference was apparent 

between defol iation treqtments in the extent of soil 

nitrogen change at either 1 5 . 2 - 30 . 4  cm or 30 . 4-45 . 7  cm . 

Nor was any significant differenc e among nitrogen 

treatments indic ated . During the course of the s tudy ,  

the soil total nitrogen pool declined throughout the 

sampl ed profile under all gras s-clover swards ,  

irrespec tive of fertil i s er nitrogen receipt ( Tabl e  19 ) .  

Over the three-year period , this decrease was qui te 

s imi lar among those three treatments , averaging 

2 90 kg N/ha-45 . 7  cm . The dec line under cloverless 

swards ( 41 0  kg N/ha-45 . 7  cm ) was not markedl y greater 

than that recorded below control . 

Among 48 treatmen t  comparis ons for changes in soil 

carbon content (data not presented ) ,  only two were 

s ignifican t : over year I at 0 - 7 . 6  cm depth , an increase 

( +0 . 08% C )  under the grazed swards contras ted wi th a 

smal l decrease ( - 0 . 0 3% C ;  resul t * ) under cutt ing ; and 

a simil ar resul t was obs erved at 7 . 6- 1 5 . 2  cm in year I I  

( grazed , +0 . 009% C ;  cut ,  -0 . 0 5% C ;  result * * ) . 

There were no differen c es between gras s-clover control 

and any other of the ni trogen treatments in this  

respect .  

( e )  Conc lus ions 

I t  is  apprec iated that the methodology , the 

intens ity of field- sampling in particular , used i n  

determining changes in soil total nitrogen pools was at 

the l imi t of its preci s ion in relation to the s i z e  of 

any changes which occurred . However , it cannot be 

sugges ted that repl ic ation , sampl ing intensi ty or 

laboratory precis ion was inadequate to the point that 

any subs tantial main treatment di fferences could have 

been mi s s ed .  Accordingly , the following conclusi0ns 

are drawn from the obs erved results . 

( i )  Over the course of the experiment , total 

nitrogen pools throughout the sampled 

profile decl ined . 

( ii }  The decline was enhanced by continual cutting 
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and removal of herbage . 

( ii i ) Soil total ni trogen pool s fell below all 

the grass-clover swards , irrespective of 

a range of fertil iser ni trogen inputs . 

( iv }  While a larger decl ine was obs erved below 

cloverless swards , it  was beyond the 

prec is ion of methodology to identify any 

dif ference between that and other nitrogen 

treatments .  

2 Ni trogen Fixation 1n Gr azed Swards 

( a )  Results 

N2 ( c 2H2 ) fixation es timates were carried out in the 

grazed swards only,  during the final year of the s tudy .  

Resul t s  a t  the individual s ampl ing dates are presented 

in Fig . 1 1 .  Measurements at which treatment 

di fferences were recorded are indicated . Al so 

indicated are the dates at which spl it dres sings of 

fer t i l i s er nitrogen were applied . 

Treatment effects were recorded at all measur ements , 

except two in mid summer , when pas ture growth was 

advers ely affected by dry condi tions ( Sec tion I I , Table 

1 7  see als o  Fig . 12 ) .  Otherwi s e ,  N2 (c 2H2 ) fixation 

was always higher in gras s-c lover control swards than 

in thos e  receiving N448 , and higher than in those 

receiving Nll2 at hal f the measurements . On all 

oc casions when the pure grass swards were sampled , 

fixation rates were only a small fraction of those 

recorded in control ( NO } . 

Daily rates for N2 (c 2H2 ) fixation from individual 

measurements were integrated over time to provide 

es t imates for fixation duri ng the four produc tion 

per i ods coinciding wi th dry herbage and herbage ni trogen 

yields ( Section I I , c ,  l & Table 3 a ) , and the full year . 

As shown in Table 20a , N2 ( c 2H2 ) f ixati on in grass-clover 

swards was invariably depressed by application of 

fer tili ser ni trogen . Wi th one excep tion , treatme nt 

differences were s ignificant for both s easonal and 
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FIGURE 11  - Daily N2 ( c2H2 ) f ixation rates ( kg N/ha ) in 

grazed treatments during the f inal year 
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TABLE 2 0  - S easonal and annual estimates for N2 (c 2H2 ) fixation (kg N/ha ) ,  
and fixation efficiency (kg N fixed/t clover dry herbage measured ) in 

grazed swards 

Nitrogen treatmentt L . S . D. 

NO Nll 2  N448 Grass ( 0 . 0 5 )  
Autumn-winter 47 3 5  14 0 

* * * *  * ** 10 
Winter-spring 103 77 27 3 

ns * * *  * * *  3 1  
Spring-sununer 49 2 5  5 4 

* *  * **  * * *  1 3  
Summer-autumn 6 5  2 8  7 3 

* * *  * * *  * * *  1 7  
Year 263 165 53 10 

* *  * * *  * * * 5 5  

( b )  Fixation e fficiency 
Nitrogen treatmentt L . s . ti .  

NO Nll2 N448 ( 0 . 0 5 )  
Autumn-winter 67 38 2 1  

* *  * * *  1 7  
Winter-spring 81 8 5  6 1  

ns ns 
Spring-summer 69 5 2  1 6  

ns * 3 5  
Summer-autumn 42 2 5  9 

* * *  15 
Year 61 48 2 3  

ns * * *  14 

Production periods* 
L . S . D .  

Year Aut . - Wint . - Spring- Sum. -
wint.  spring sum. aut .  ( 0 . 0 5 ) 

44 42 7 5  45 2 5  
ns * * *  ns * 16 

t see footnote to Table 19 . 
f Statis tical comparisons are between the annual value ( ' year ' )  and values 

for individual s easonal periods . 
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annual total s .  Es timates for fixation below the pure 

grass swards were less than those for any of the grass ­

clover pas tures , al though s igni ficantly l ower than N448 

onl y  during autumn-winter . Over the year , estimated 

fixation in the control sward was 2 63 kg N/ha/an , fall ing 

to 63% and 2�/o of that value in treatments Nl l 2  and 

N448 respectively .  The es timate for annual fi xation in 

pure grass swards , 10 kg N/ha , was onl y  4% of that 

recorded in grass-clover control . 

' Fixation effic iency ' es t imates (kg N fixed/t 

clover dry herbage measured ; Hoglund et al . 1 9 7 9 ) were 

calcul ated from corresponding N2 (c 2H2 ) fixation data 

and clover DM yields , for individual production periods 

and the year . No allowance was made for any non­

symbiotic , biological fixat ion which may have been 

included wi th the N2 ( c2H2 } fixation measurements in the 

mixed swards . As shown in Table 2 0b ,  relative to 

control , treatment N448 reduced fixation efficiency 

during all production periods except winter- spring . 

The intermediate rate of nitrogen resulted in lower 

fixation efficiency values only over summer- autumn and 

autumn-winter . In the es timates based on annual 

total s ,  treatment N448 depressed fixation efficiency to 

l i ttle more than one-third of the control val ue ,  whi l e  a 

less  pronounced depress ion a t  the intermediate ni trogen 

rate j us t  failed to attain s ignificance at the 

conventional probabil ity l eve l . 

A pronounced seasonal c ontras t was apparent among 

fixation effic iency values . There was no indi c ation 

of any s ignificant produc tion period x nitrogen 

treatment interaction among the pool ed data , so 

comparisons between production periods are included in 

Table 2 0b .  Averaged over all  three fertili s er nitrogen 

treatments , fixation efficiency was very much higher 

over winter-spring , and very much l ower over summer­

autumn , by comparison with the value based on annual 

figures . Fixation efficiency did not differ among the 

yearly ,  autumn-winter or spring-summer values . 
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( b )  Discus s ion 

The pattern of N2 (c 2H2 } fixation rates recorded in 

the control sward over the autumn-winter-spring-early 

s ummer period ( Fig . 11 ) was similar to that reported 

during a dry year , from a previous s tudy at Palmers ton 

North ( Brock & Hoglund 1979 ) . Using s imil ar 

techniques ,  both s tudies gave estimates for fixation 

rates in grazed ,  grass-clover pas tures not receiving 

fertil iser ni trogen , of 0 . 2 5 to 0 . 5  kg N/ha/day over 

late autumn-winter , ris ing to peak rates of 1 . 0  to 1 . 5  

kg N/ha/day over spring-early summer , then fall ing to 

very low rates wi th the onset of seasonally dry condi tions 

by mid summer . In association with periods of pos i tive 

water bal ance thereafter ( s ee Fig . 12 ) ,  daily fixation 

rates exceeding 1 . 0  kg N/h a were recorded at singl e 

measurements in the control sward during both February 

and March ( Fig . 1 1 ) �  rates more in l ine with the values 

reported by Brock & Hoglund ( 1 9 7 9 ) under moi s t  summer 

conditions . I n  that study , annual N2 (c 2H2 ) fixation 

averaged 2 10 kg N/ha ,  wi th average cl over dry herbage 

yields s imil ar to the 4 . 4 t/ha measured in grazed control 

over the final year of this  experiment . 

Clearly ,  fertil iser nitrogen depres sed N2 ( c 2H2 ) 

fixation in these grazed gras s-clover swards . This  

effect was apparent wi th treatment N448 at  all  

measurements , exc ept two in January,  when fixation rate 

in all treatments was relatively low under the seasonally 

dry cond i tions ( Brock & Hoglund 1 9 7 9 ) . In general , 

fert i l is er ni trogen treatments exerted their mos t 

pronounced effect on N2 ( c 2H2 ) fixation rates over the 

late summer-early autumn period , when ni trogen 

appl ications had been discontinued ( Fig . 11 } .  

Treatment Nl l 2  had only a rel atively minor effect on 

N2 (c 2H2 ) fixation rates over l ate winter-early spring . 

Nitrogen responses recorded at that time ( S ec tion I I ,  

Tabl e 3b & Fig . 2 )  indic ate that the mixed pas tures were 

then suffering nitrogen s tres s ,  from which the l ower 

rate o f  ni trogen input gave only partial relief . 

While there can be l i ttle debate about the relative 
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values for N2 ( c 2H2 ) fixation rates recorded for 

treatments at individual measurements , their integration 

over time to obtain seasonal and annual rates ( Table 2 0 a ) 

may be ques tioned .  Limi tations and pos s ibl e errors 

associ ated wi th integration of s ingle measurements over 

time have been discus sed elsewhere (Hoglund & Brock 

1978 � Hoglund et al . 1 9 79 ) .  An additional 

cons ideration , pecul iar to the manner in which the 

assay was used in thi s  study,  i s  that N2 (c 2H2 ) fixation 

rate has been repor ted to vary wi th s tage of regrowth 

of both a cut whi te clover sward i n  autumn (Mous tafa et 

al . 1969 ) and a grazed , gras s-clover sward in spr ing 

(Hoglund & Brock 1 9 78 ) . I nspec tion of the data from 

treatment NO revealed no cons i s tent relationship 

between s tage of regrowth and fixation rates recorded . 

Measurements were not normal ly made until at leas t ten 

days ' regrowth had occurred , thereby avoiding the very 

low values assoc iated with early regrowth , as repor ted 

from both the above studies . I t  was fel t that for the 

purpose of this s tudy i t  was val id to integrate rates 

from individual measurements over time , bearing in mind 

that the values obtained could only be viewed as coar se 

estimates . Obvious ly , if the i ndividual measurements 

had been carried out more frequently,  e s timates for 

seasonal and annual rates could be viewed with more 

confidence . 

The low values for N2 ( c 2H2 ) fixation recorded in 

the cloverl ess sward reflect the activity of non­

symbiotic , n itrogen-fixing organisms ( Jensen 1 9 6 5 � 

Whitehead 1 9 70 ) . When field s ampl ing , any randomi sed 

microsite wi thin 1 5  cm of a volunteer clover s eedl ing 

was re j ected . Periodic soil bl anks failed to indic ate 

any natural evolution of ethyl ene from this soil , so 

the N2 ( c 2H2 ) values obtained are cons idered genuine . 

Asyrnbiotic fixation requires a readily avail able energy 

source , and is favoured by a l ow oxygen partial 

pres sure (Whitehead 1970 ) . Peak rates were recorded 

over l ate spring- early summer , and again in mid autumn 

( Fig . 1 1 ) ,  when i t  might be exp ected that the 

avail abi l i ty of c arbon subs trates from decompos i ng 
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litter would have been rel atively favourabl e .  

Rel ative t o  control , ferti l i s er ni trogen reduced 

both the dry herbage and herbage ni trogen yields of 

clover ( S ec tion I I , Table 3 & Fig . 2 ;  Sec tion I l l , 

Table 10 & Fig .  5 ) .  Thi s  suppression of clover yields 

would be expected to reduce symbiotic fixation , per uni t 

area over time , through reduc tion of the ni trogen 

requirement for clover growth . I t  is al so well 

es tabli shed that fertil i ser ni trogen c an substi tute for 

symbiotic fixation in meeting the ni trogen requirement 

for clover growth (Allos & Barthol omew 1959 ; Mous tafa 

et al . 1969 ) . Fixation estimates reported in Tabl e 2 0 a  

embody both these influenc es . For i ns tance , in the 

grazed swards over the final year , treatment N448 

reduced clover dry herbage yield to 5 3% of th at recorded 

from control , but reduced N2 (c 2H2 } fixation to 20% of 

the control value . 

A number of experimenters have expressed symbiot ic 

fixat ion as a quantity per uni t of clover dry herbage 

measured , both on a common time basis  ( i . e . ' fixation 

efficiency • ,  Hoglund et al . 19 7 9 } .  In field s tudies , 

this parameter has been used to indic ate the extent to 

whi ch cul tural practices and/or s easonal influe nces may 

have modified the proportions of cl over herbage ni trogen 

ari s ing from each of the two al ternative 1 interactive 

sources ; s ymbiotic fixation and ass imilation of soil 

mineral ni trogen (Karraker et al . 1 9 50 ; Sears et al . 

196 5a ; Hoglund et al . 1979 ) . Results reported i n  

Table 20b indic ate tha t subs tantial subs titution o f  soil 

ni trogen for s ymbiotic fixation occurred 1 both as a 

consequence of  fertil i ser nitrogen treatment s and 1n 

response to changing seasonal patterns of soil ni trogen 

availabil i ty .  

The estimate for fixation effic iency in the control 

treatment over the year ( 61 kg N/t clover DM) was very 

close to the average value ( 63 ) recorded in a two-year 

s tudy of grazed , grass-c lover swards receiving no 

fertil iser n i trogen , at 8 s i tes throughout New Zealand 

( Hoglund et al . 1979 } . I n  obtaining the l atter value , 
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experimenters avoided pos s ible error s arising from 

s tage of regrowth at which measurements were made , by 

carrying out assays in pas ture at all s t ages of regrowth 

during each measurement ( Hoglund & Brock 19 78 ) .  The 

annual value for control from thi s  s tudy was a l i ttle 

l ess than another reported from thi s  loc ality ,  vi z 67 

(S ear s  et al . 1965 a ) , from a study involving a 1 mowing 

and return • technique to s imul ate graz i ng .  

Reasonably good agreement in fixation efficiency 

estimates is encouraging , and increases confidence in 

the manner in whi ch the ace tyl ene reduc t ion assay was 

appl ied in thi s  s tudy . Differences between the present 

estimate for annual fixation in the grazed control 

p asture ( 2 63 kg N/ha ) and comparable values from other 

s tudies ( 3 90 , Sears et al . 1965a 7 185  ( average ) ,  

Hoglund et al . 19 79 ) largely refl ect di fferences in 

meas ured clover yield . 

I t  is qui te clear from the fixation efficienc y 

values ( Table 20b ) that soi l-derived ni trogen substituted 

for symbiotic fixat ion in the ni trogen- treated pastures . 

Over the year , f ixat ion efficiency in  treatment N448 was 

onl y 2 3  kg N/t c lover DM , or about 400/o of the val ue for 

control . Result s  p rovide cl ear evidence for a marked 

carry-over effect of fert i l i ser ni trogen during summer­

autumn ( Table 2 0b ) , when ni trogen applications were 

di scontinued . A res idual ef fec t from previous ni trogen 

appl ic ations was al so obs erved over thi s  period ln 

grass/clover bal ance in swards ( S ections I I , Fig .  2 & 

I I I , Fig . 5 ) . Differences i n  fixation effic iency 

between seasonal periods exhibi ted a s imilar pattern to 

that descr ibed fol lowing an extens ive s tudy throughout 

thi s  country ( Hoglund et al . 1979 ) .  Over the winter­

spring period , relatively high values were recorded 

irrespective of ni trogen treatment .  In contras t ,  

relatively low fixation efficiency values were observed 

during summer- autumn ( Tabl e 20b ) , indicating ready 

availabil i ty of soil nitrogen to whi te clover at that 

time of year . 
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( c ) Conclus ions 

Under the conditions of thi s  experiment , use of 

fertil iser ni trogen cl early depressed daily N2 ( c 2H2 } 

fixation . Differences were recorded be tween control 

and N448 at al l measurements ,  except two in January 

when low rates in all treatments were as soci ated with 

dry weather . Integration of daily rates over time 

indic ated that with treatment Nl l2 , annual N2 ( c 2H2 ) 

fixation was depres sed by almos t the s ame amount as the 

quantity of fertili ser ni trogen appl ied ; with N448 , by 

only about hal f .  

This  depress ion in symbiotic fixation did not 

simply reflect clover suppression in the ni trogen-

treated pas tures . Seasonal differences in fixation 

effic iency indicated that the extent to which soil 

nitrogen subs ti tuted for symbiotic fixation in meet ing 

the nitrogen requirement for white clover growth , 

varied throughout the year . Provis ion of ferti l i ser 

ni trogen increased the substitut ion of soil-derived 

nitrogen for fixation , but no signific ant treatment 

difference was de tec ted among ni trogen treatments over 

winter- spring . 

N2 ( c 2H2 ) fixation 1n the cloverl ess sward was onl y  

4% of that recorded in control . 

3 

( a )  

Mineral Ni trogen Pool s 

Results 

Mineral ni trogen ( NH4-N & N03 -N ) was determined in 

the top 45 . 7  cm of the profile during the final year of 

the experiment , onl y in grazed swards . Measurements 

were continued into winter 1 9 7 5  to foll ow the pattern of 

decl ine under leaching condi tions . Mineral nitrogen 

pools  in the sampled profile are presented in Fig . 12 . 

Al s o  indicated are the dates for spl it applications of 

fertiliser ni trogen , and an estimated water bal ance 

( ra infall minus 0 . 8  raised pan evaporation ) for each 

interval between sampl ings . 

Signi ficant differences between control and at 

least one other treatment were recorded at all 2 3  
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FIGURE 1 2  - S o i l  mineral nitrogen pool s in the s ampl ed 

profile ( kg N/ha-45 . 7  cm ) bel ow grazed pastures over 

the final 1 5  month s � also shown , the water bal ance 

between c onsecutive s ampl ings 
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measurements . The quantity of  mineral nitrogen in the 

sampl ed profile of treatment N448 always exceeded that 

below grass-clover control and the cloverless sward , and 

general l y  exceeded that below treatment Nll2 . Such 

cl ear-cut differences were not apparent among the other 

three treatments .  Over the first set  of late au tumn­

mid winter measurements , the mineral nitrogen pool 

below Nl l 2  exceeded that bel ow control , but a signific ant 

treatment difference was recorded at only one 

measurement over the corresponding period a year l ater . 

In general , the mineral nitrogen pool was greater in the 

sampled profile below Nl l 2  than NO , but this difference 

was significant at only 8 obs ervations . At onl y  one 

measurement ( l ate Apri l )  the value for treatmen t NO 

exceeded that for Nl l2 � a result which may indicate a 

treatment difference in immobilis ation-mineral i sation 

relationships or , al ternatively,  s impl y  refl ect s ampl ing 

error . Mineral ni trogen l eve l s  recorded bel ow the pure 

grass sward were general l y  l ower than those recorded 

below c ontrol , but signi ficantly so on only 6 occ asions . 

There were few s ignificant di f ferences between these two 

treatments over the l ate winter-spring-early summer period . 

( b )  Discussion 

Field variabil i ty poses a ma j or sampling problem 

in soil mineral ni trogen measuremen ts below grazed 

swards .  Thompson & Coup ( 19 40a ) reported subs tanti al 

variation in ni trate leve l s  among individual topsoil 

cores drawn from os tensibly uniform areas of pasture . 

Variation was as high as eigh t-fold between cores drawn 

within 4 cm of each other . I n  a subsequent s tudy 

( Thompson & Coup 1940b ) , i t  was found that below 

loc al i sed patches of pas ture , exhibiting a ' burnt-up ' 

appearance from urinations under hot dry conditions , 

nitrate l evel s reached s everal hundred ppm . The 

comparable l evel in soil unaffected by recent urination 

was l e s s  than 10 ppm. Even when the urine-affected 

pasture h ad resumed normal growth , the underl ying soi l  

contained nitrate a t  l eve l s  2 0  to 70 times those in 

soil below unaffected pas ture ( loc . ci t . ) .  A recen t ,  
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detailed s tudy of the time-course for ni trogen 

trans formations in soil below urine-affected pas ture 

( B all et al . 1979 ) gave results in accord with thos e  

early s tudies . 

Tharn ( 1 9 7 1 ) measured mineral ni trogen level s  i n  

single soil cores from permanent ,  mixed swards . 

Variabil i ty was much greater in  the surface soil ( 0- 7 . 6  

cm } than i n  his three sampl ing depths below that . To 

surmount fi eld vari ability ,  he s ampled surface soil 

with twice the intensity used at other depths . In 

this s tudy , s ignificant treatment di fferences were 

observed at all 2 3  measurements ( F ig . 1 2 ) ,  indicat ing 

that the intens ity of sampling was sufficient to obs erve 

ma jor treatment di fferences . Doubtles s ,  col le c tion of 

larger number s of cores during fi eld s ampl ing would have 

given greater precision , and may have yielded mor e 

information on smaller dif ferences between the less  

disparate tre atments . 

Bearing in mind l imitations ln sampl ing procedure , 

the pattern of results pres ented ln Fig . 12  refl ects an 

interplay between ni trogen treatments and weather . 

Large changes occurred in pool s izes between cons ecutive 

samplings . Harms en & Kol enbr ander ( 19 6 5 ) describe a 

single measurement of soil miner al ni trogen as a 

• snapshot ' ,  pointing out that only repeated measurements 

over time are likely to yield agronomically us eful 

information . Hebert ( 1 9 6 5 ) reported that fluc tuations 

may occur very suddenly in gras s l and soil s ,  sometimes 

in one day , in respons e to weather changes . 

Notwith s tanding the ephemeral nature of soil mineral 

nitrogen , and difficulties assoc iated wi th i ts 

measurement below grazed pas tures ,  some patterns are 

apparent in the data col lec ted ( Fig . 1 2 ) .  

With the exception of treatment N448 , pool s i zes 

remained rel atively smal l acro s s  the ma in growing 

season , l ate winter-spr ing-early summer . The 

substant i al input of fertil is er nitrogen over thi s  period 

in the former treatment was reflec ted in some mineral 

nitrogen accumul ation . Over that time , however ,  the 
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average pool size obs erved below N448 was only about 

one- third of the peak values observed in late summer , 

when nitrogen appl ications had been di scontinued . I n  

all treatments , mineral nitrogen accumul ated i n  the 

profile over the seasonal ly warm , dry l ate summer­

autumn period , the n decl ined over l ate au tumn-winter . 

This seasonal decl ine largely over- rode treatment 

differences , in spite of rel ativel y heavy inputs of 

fertil iser n i trogen , with smal l pool s recorded bel ow 

al l treatments in both late winters . Hindsight 

indic ates that this seasonal inf luence may have been 

better described wi th two additional observations , in 

both the month preceding and that fol l owing th is series 

of measurements . 

The pronounced , temporary drop in pool sizes 

observed in mid autumn followed reinstatement of a 

posi tive soil water balance , after a prol onged period 

under drying condit ions ( Fig.  12 ) .  Nei ther l eaching 

nor pl ant uptake could account for a decl ine of that 

magni tude ( up to 85 kg N/ha ) .  The most likely 

expl anation l ies wi th tempor ary immobil i s ation of 

mineral n i trogen , associ ated wi th a flush of renewed 

mic robial ac tivity as re-wetting of the profile commenced 

( Birch 19 5 8 ,  1960 ) . Subs equentl y ,  when readily­

available c arbonaceous subs trates in the soi l were 

exhaus ted , and/or temperatures fel l , much of the ni trogen 

reappeared in the mineral ni trogen pool s fol lowing the 

breakdown of microbi al biomas s .  

Unfor tunatel y ,  the method of measurement does not 

allow any quantitative conclus ion to be drawn regarding 

l eaching of n i trate from the soil . The ni trogen which 

accumulated 1n the surface so i l  under s easonally warm , 

dry conditions ( Fig . 12 ) ,  was mainly i n  the nitrate fo rm .  

Level s recorded bel ow the control sward over summer 

reached 1 5  to 20 ppm N03-N , wi th corresponding l evel s of 

50 to 90 ppm in the surface soil of treatment N448 . 

Even below the cloverl ess sward , which was quite 

ni trogen deficient by the final year , 9 to 18 ppm N03 -N 

was measured over s ummer . Ammonium l evel s were 
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generally confined to the range 1 to 1 5  ppm N in the 

surface soil of all treatments throughout the s tudy . 

However , unusually high ammonium leve l s  ( 40 ppm N below 

treatment NO ) were observed in surface soil at one 

sampl ing in mid autumn , confirming tha t  breakdown of 

microbial protein l argely accounted for the peak pool 

s i zes obs erved over mid-l ate autumn . Conversion of much 

of this  ammonium to ni trate followed quickly .  Whil e  

l arge quanti ties of ni trate nitrogen ' di s appeared • from 

the s ampled profiles under l eaching conditions over mid 

autumn-winter in both years , it c annot be s tated wi th 

certainty which of the s everal pos s ible avenues for 

movement the ni trate fol lowed . Pos s ibil i ties include 

leaching , plant uptake , microbi al immobil i s ation and 

deni tri fication . I t  i s  a reasonable assumption that 

some , if not the ma jor part , of this  ni trate was 

l eached . In reviewing lysimeter s tudies , All i son 

( 19 6 5 ) concluded that if much ni trogen is added or 

released as nitrate in the late autumn , leaching los ses 

are likely to be large . On the oth er hand , the 

presence of a perenni al sward is  lik ely to reduce such 

los ses ( loc . ci t . ) .  

( c )  C onclusions 

The mineral ni trogen pool s displ ayed a simil ar 

seasonal pattern to that reported from s tudi es in 

devel oped pastures in both New Sou th Wal es ( Simpson 

1962 ) and Can terbury ( Tham 197 1 ) : a ' ni trogen-rich ' 

mid summer-autumn period ; a ni trogen-depleting winter � 

a ni trogen-poor l ate winter-spring period , and an 

increas ing accumul ation of mineral nitrogen over the 

early summer months . 

The influence of fertil iser ni trogen c an be vi ewed 

as superimposed on that s easonal pattern . Treatmen t  

N448 always increas ed the s i z e  o f  the mineral ni trogen 

pool relative to that in the sampl ed profile bel ow the 

control sward . A great deal of mineral ni trogen 

accumulated in the surface soil of treatment N448 , 

mainly as  nitrate , over summer . As fertili ser nitrogen 

appl ications were discontinued in early summer , i t  



- 1 3 6  -

appears that this  c arry-over into summer was effected 

through accumul ation of a pool of 1 l abil e 1 soil organic 

ni trogen in response to ni trogen applications under 

the preceding cool , moist conditions . Wi th the warm, 

drier condi tions of  summer , much of that ' l abil e ' pool 

was mineralised .  Differences between control ( NO ) , the 

intermediate rate of ni trogen and the cloverle s s  sward 

were not nearly so marked . In general , the mineral 

ni trogen pool below treatment Nl l2  was a little l arger , 

and that below the pure grass sward a l i t tle smal ler , 

than was observed below grass-clover control . 

I t  is not pos s ible to reach any quanti tative 

conclus ion regarding leaching of nitrate . Never thele s s , 

i t  seems probable that much of the decl ine obs erved in 

the mineral ni trogen pool s under l eaching conditions over 

l ate autumn-winter , especially below treatment N448 

where the fall averaged more than 150 kg N/ha , refl ected 

l eaching losses . 

4 Nitrogen Bal ances in Grazed and Cut Treatments 

( a )  Results 

Values reported in Table 21 are based on annual 

averages ,  derived from data obtained over the three­

year s tudy period . Expl anatory notes are contained 

later in this section . Values estimated by dif ference 

are enclosed in brackets . 

Under grazing , ni trogen losses of between 380 and 

560 kg N/ha each year are indicated from the grass­

clover sys tems . Es timated l osses were subs tantially 

greater from treatment N448 than contro l . From the 

cloverless treatment , the annual losses  indicated are 

about 90 kg N/ha , ari sing mainly from a . fall in soil 

total ni trogen . 

Under cutting ,· minimal estimates for fixation in 

mixed swards each year ranged from 380 kg N/ha in the 

control sward down to 7 5  kg N/ha in treatment N448 . 

The nitrogen outgoing in herbage from the c loverless  

sward was in close agreement with th e  observed fall in 

soil  total nitrogen, after allowance for 1 background 1 
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TABLE 2 1  - Ni trogen bal ances in grazed and cu t  systems ; all data are 
annual averages (kg N/ha) 

Inputs Soil total N OUtgoings 

Backgroundt Fixation Fertil iser (£ to 45 . 7  cm )  Production* Losses 

Grazed swards 

NO 1 5  319 0 -69 20 ( 383 ) § 
Nll 2  1 5  2 1 8  112 -55 20 ( 380 ) 

. N448 1 5  90 448 -36 2 5  ( 564 ) 
Grass 15 0 0 - 84 10 ( 89 )  

Cut swards 

NO 1 5  ( 3 7 7 ) 0 -121 513 ? 
N11 2  1 5  ( 30 6 ) 112 -128 561 ? 
N448 15 ( 76 )  448 -170 709 ? 
Grass 15 0 0 -188 215  ( ' Nil ' )  

+ Ni trogen inputs other than symbiotic 
.
fixation and ferti l iser nitrogen. 

* Es timates for animal protein yield from grazed swards , but herbage N 
removed from cut swards . 

3 Figures in parentheses have been estimated by dif ference.  
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I t  should be s tated at the outset that the se bal ances 

are cons idered as no more than approximations . 

Expl anation of some assumptions involved in their 

calcul ation fol lows in this section . S tatis tical 

analys es were carried out on the individual parameters 

making up the bal ance , but no s tatis tical treatme nt was 

g iven the parame ters estimated by dif ference ( i . e . 

l osses under graz ing and fixation under cutting } as the 

data embrace l arge errors , Stati stical finesse may 

create an illus ion of accuracy which is not intended . 

This point can bes t be illus trated by consideration of 

changes in soi l total ni trogen . For changes throughout 

the sampl ed profi l e  over the three-year period , the 

s tandard error of ni trogen treatment means was ± 94 kg 

N/ha ( Table 19 } with no treatment di fference observed . 

Except pos sibly for the cloverl ess treatment , it  could 

be argued that the change in soi l ni trogen pool s could 

be adequately repres ented by main treatment means , for 

al l graz ed and cut treatments respectively ,  as a 

significant dif ference was observed only between 

defol iation treatments . I t  was dec ided to use 

individual treatment means in compiling these bal ances , 

cons idered the bes t  available es timates of treatment 

changes in soil nitrogen , at the s ame time bearing in 

mind the error assoc i ated with individual observations . 

After a l i ttle contemp l ation, it is appreci ated that use 

of either individual or main treatment means makes 

l i ttle difference to derived estimates , and no 

dif ference to the general tenor of conclus ions drawn 

from the results . The same might be s aid of es tima tes 

for animal protein yield from the grazed swards . 

Animal produc tion was not recorded . The annual yiel d 

of 2 5  kg N/ha ascribed to treatment N448 represents an 

animal l iveweigh t  gain of one tonne/ha each year , which 

is  cons idered generous for mature dry sheep . Again , 

i t  i s  l argely irrelevant to the conclus ions drawn 

whether the actual yield of animal protein was one hal f 
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or double the es timated figures . 

The term ' background ni trogen • was coined ( Sears 

et al . 1 9 6 5 a )  to encompass inputs from al l sources 

other than symbiotic fixation and fer tili ser ni trogen . 

Pos sible sources include asyrnbiotic fixation by free­

living organi sms , nitrogen receipt in rainfal l , 

abs orption of atmospheric ammoni a ,  and nitrogen receipt 

in pollen or dus t ( Henzell & Ross 1 9 7 3 ) .  A smal l ,  

annual accretion of ni trogen by the soil-pl ant complex 

in a cut , pure grass sward led Sears and as soci ates to 

conclude that background nitrogen receipt totalled some 

1 5  kg N/ha each year ( loc . ci t . } .  Li ttl e has emerged 

in the li terature , nor from this study , to upset that 

conclusion . Mil ler ( 1 9 61 ) meas ured an annual nitrogen 

input in rainfall at Taita of 3 kg N/ha,  and ci ted 

results from Lincoln and Gore reporting annual inputs of 

2 and 7 kg N/ha,  respectively . At Otar a ,  with 

industrial ac tivi ty nearby , a three-year average was 

8 . 5 kg N/ha/an (N. Z .  Fer tili ser Manufac turer s •  Ann . Rep . 

19 78- 79 ) .  Asymbiotic fixation appears to be of only 

minor signi ficance in fertile swards ( ��i tehead 1 9 70 � 

Bergersen 1973 ) .  A'!nual input from this source in wel l 

aer ated pasture is cons idered to be generally less  than 

10  kg N/ha ( Henzell & Ros s  1 9 7 3 ) . As sociated cl over 

yields and N2 ( c 2H2 ) fixation es timates l ed Grant & 

L�bert ( 19 7 9 ) to conclude that asymbiotic fixation 

contributed 12 to 2 1  kg N/ha in undeveloped swards on 

moi s t  hill country , dur ing a one-year s tudy . 

Application of the acetyl ene reduc tion as say in thi s 

s tudy provided an estimate of 10 kg N/ha for non­

s ymbiot ic fixation in the grazed , cloverless pas ture 

dur ing the final year ( Table 2 0 a ) . There is l ittle 

evidence that ammonia abs orption from the atmosphere is 

an impor tant avenue for ni trogen accretion , except near 

indus trial centres and feedlots ( Henzell & Ros s  19 7 3 ) .  

I t  is  al so unl ikely that any significant contribution 

from air or water-borne soil or plant material occurred 

in thi s  s tudy . With vigorous swards in an area free of 

erosion,  it seems likely that a very small annual input 
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by these avenues would mirror a commensurate annual 

outgoing . Accordingly ,  an annual value of 15 kg N/ha 

for ' background ' inputs has been incorporated into al l 

nitrogen bal ances ( Tabl e  2 1 ) .  

Henzell & Ross ( 1 9 7 3 ) draw attention to the 

pos s ibil ity of l ateral movement of ni trate in soil 

water . Upward movement of water from below sampl ing 

depth , under drying condi tions , could also influence 

the pattern of mineral ni trogen accumul ation observed 

throughout the year ( Fig . 1 2 ) .  Neither of these 

possibilities i s  cons idered a l ikel ihood at thi s  site . 

There was a large excess of rainfal l over potential 

evapotranspiration during winter- spring each year 

( Section I I , Table 1 ) . The s i te was os tens ibly level 

and free-draining , and the permanent water tabl e ,  which 

was monitored throughout the s tudy ,  was always below 

the surface of the gravel at 2 . 7 5 m depth . A 

temporarily perched water tabl e was observed within the 

sampled profil e ,  under condi tions of heavy and continual 

rain , on two or three occas ions during the s tudy : a 

feature no longer apparent 2 4  h after the cess ation of 

heavy rainfall . 

Symbiotic fixation in the grazed swards was 

calcul ated ,  us ing data obtained by applic ation of the 

acetylene reduction assay to grazed swards in the final 

year . To al low for differences in clover yield between 

years , appropriate fixation effic iency values ( Tabl e  20b )  

were used to cal culate fixat ion , i n  as soc iation wi th 

corresponding clover DM yields from grazed pas tures for 

individual seasons and nitrogen treatments . 

averages are reported in Table 2 1 .  

The annual 

The origin of values for annual fertili ser 

ni trogen inputs to grazed and cut s ys tems is self-

evident . Produc tion ,  in terms of animal protein , from 

the grazed swards has been discus sed . 1 Produc tion ' 

from the cut treatments ( Tabl e  2 1 ) i s  the yearly 

average for ni trogen yields measured in herbage removed 

from thos e  plots . 

Under grazing ,  ni trogen outgoings from the soil­

plant-animal complex ( 1 Losses 1 ) were calcul ated by 
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di fference between total inputs , and outgoing in animal 

products , taking into account the drop in soil to tal 

ni trogen throughout the sampl ed profile . I t  is of 

intere s t  that even in the pure grass sward , an annual 

loss  of 90 kg N/ha i s  indicated . Recognition of such 

l arge , unaccounted- for losses of nitrogen from grazed 

grass-clover sys tems ( 3 80 to 560 kg N/ha each year , 

depending on ni trogen fertil iser rate ) raises many 

unanswered questions . However , it does reconcile an 

apparent contradic tion in thi s  country ' s  grassland 

l i terature , as di scus s ed bri efly in the introduc tion to 

thi s  section : cl aims for substantial levels of 

symbiotic fixat ion , which appear to have been reflected 

commensurately in neither output of animal protein nor 

accumulation of soil ni trogen below grazed pas tures . 

This , of course , is a problem fac ing anyone who attempts 

to draw up a mass balance for ni trogen in a productive , 

grazed ecosys tem , whether based on grass-clover 

associations or ni trogen- fertili sed grass swards .  

�nitehead ( 1 970 ) side- stepped the is sue by assuming 

s ubs tantial accumul ation of soil ni trogen in his 

bal ances . However , that avenue for nitrogen retent ion 

wi thin an ecosys tem is  finite , and does not continue 

indefinitely below wel l managed , permanent pas tures 

( Jackman 1 9 64a , b } . 

That the acetylene reduc tion assay was appl i ed to 

grazed swards only during the final year of thi s  s tudy 

may wel l be ques tioned . I t  was only becaus e of 

concurrent developments 1n field-appl ic ation of the 

methodology , by c·ol leagues within Gras slands Divi s ion 

( Hoglund & Brock 1978 ) ,  that the assay could be used at 

all . I t  is conceded that conf idence in the calculated 

values for symbiotic fixation in grazed swards ( Table 2 1 )  

would be greater if the N2 ( c2H2 ) fixation values had 

been obtained each year . · On the other hand , as 

discussed previously in this section (C , 2 }  good 

accord between the fixation efficiency values obtained 

for treatment NO in thi s  s tudy ,  and those reported by 

other researchers working wi th whi te clover-based 

swards , would sugges t  that this  parameter is reasonably 
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' portable ' .  Again, the point is made that qui te 

subs tantial error s could exist in the es timates for 

symbiotic fixation in the grazed treatments , without 

subs tantially altering the conclus ions reached . For 

ins tanc e ,  even if it were as sumed that symbiotic 

fixation was negligibl e in treatment N448 ( not 

sugges ting that there is  any bas is  for such an 

assumption ) ,  one would s till be confronted wi th 

unaccounted- for ni trogen outgoings of 4 7 5  kg N/ha each 

year . 

That soil total ni trogen pool s decreased over the 

course of the study has had the effect of exaggerating 

the size of unaccounted- for los ses from the grazed 

swards . A drop in soil ni trogen is , in effe c t ,  a 

ni trogen input insofar as the mass bal ance is  concerned . 

I f  not re flected as an increase in produc tive output , 

then the ni trogen mus t  have been los t from the soil-

pl ant- animal compl ex . The annual decl ine in total 

ni trogen pool s under graz ing was not large . 

Under cutting , symbiotic fixation was estimated as 

the di fference between outgoings in the form of harves ted 

herbage and other inputs , taking into account the drop 

in soi l total ni trogen . As di scussed el sewh ere (Bal l 

1 9 7 7 ) these are only partial ni trogen balanc e s . No 

assessment of nitrogen outgoings as unaccounted- for 

' l osses • can be made for the cut sys tems , so the 

es timates for symbiotic fixation mus t  be vi ewed as 

minimal . However , the writer is  not aware of any 

information which would c ause him to suspect signi fic ant , 

unidenti fied ni trogen los ses from the soil-plant 

complex in any treatment other than N448 , when swards 

are subj ected to continual cutting management wi th 

removal of herbage . Data from the cut , cloverless 

treatment indicate n o  loss at all . The average 

outgoing in herbage nitrogen each year , perhaps 

for tuitously,  was almos t  exactly matched by the input 

of background ni trogen and the average fall in the soil 

total ni trogen pool ( Tabl e  2 1 ) .  

Karraker et al . ( 19 50 ) observed ni trate leaching 
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from lysimeters containing whi te and red clovers under 

cutting management , but only when harsh winter 

condit ions resul ted in plant death . Leaching was very 

sl igh t  below ac tively growing clovers and from 

lys imeter s containing cut grass-c lover as sociations ( loc . 

cit . ) .  In  general , lysimeter s tudies indicate that 

little l eaching of nitrate occurs below cut perennial 

swards ( Allison 1965 } .  In compil ing the ni trogen 

balance for a cut grass-clover associat ion under 

condit ions prevail ing ln southern Engl and , Whitehead 

( 1 9 70 ) conc luded that no unde termined losses from the 

soil-pl ant complex would occur . Al l these observations 

would sugges t  that the annual estimate for fixation in 

the cut control sward is  reasonably complete ( 3 80 kg N/ 

ha ; Tabl e 2 1 ) ,  but its accuracy will be determined by 

that of associated measurements . However ,  nitrogen 

rel ationships in the treatment receiving the larger 

input of fertil iser nitrogen would have been quite 

different from those in control . A3 discus sed by 

W0ldendorp et al . ( 1966 ) , the magni tude of undetermined 

los ses appears to increase as the rate of ni trogen input 

to swards increas es . I t  seems likely that unaccounted­

for los ses would have occurred from treatment N448 , 

resul ting in underes timation of the input by symbiotic 

fixation . This is a probl em of technique discus s ed by 

Henzell ( 1 9 70 ) . 

The decline in soil nitrogen pool s had the effect 

of reducing estimates for symbiotic fixation . In 

previous s tudies at Palmers ton North , fol lowing which 

much l arger estimates for symbiotic fixation in cut 

swards were reported , an increase in soil total ni trogen 

was observed . Sears & Evans ( 19 5 3 ) measured an average , 

annual increase of almost 60 kg N/ha- 5 cm below a cu t 

grass -clover assoc iation , and reported that ' the mos t  

conservative estimate ' for ni trogen input b y  clovers 

was approximately 620 kg N/ha yearly.  In a l ater s tudy 

( Sears e t  al . 1965a ) , an average annual increase of 

190 kg N/ha- 30  cm was measured below gras s -clover 

assoc i at ions from which mown herbage was discarded . 

The corresponding estimate for ni trogen fixation by white 
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clover , based on measurements made over the final three 

years of that seven-year s tudy,  averaged 610 kg N/ha/an . 

( c )  Conclus ions 

Under the conditions of thi s  experiment , ni trogen 

balances for the grazed gras s-clover as soc iations 

indicate large , unidentified los ses of ni trogen from 

the soil-pl ant-animal complex. Because of error s 

inc luded in associated measurements , the estimate s are 

no t cons idered to have a high level of precis ion . 

Neverthel e s s , it is no t cons idered pos sible that 

unaccounted- for ou tgoings of thi s  magni tude ( s everal 

hundred kg N/ha/an ) have been observed in all three 

treatments by chanc e .  An annual outgoing o f  9 0  kg N/ha 

in unidentified los ses was also indicated for the 

cloverle s s  s ystem . 

In the cut treatments , the average annual outgoing 

of ni trogen in herbage from the cloverless sward almost 

exactly matched the fall in soil  total ni trogen and an 

al lowance for background ni trogen inputs . This , and 

other evidence cited ,  is cons idered to indicate that 

unident ified nitrogen los ses from the soil-plant compl ex 

of the cut gras s-clover control would have been small . 

Wi thin the limi ts of error included in as soci ated 

measurements , symbiotic fixation by white clover i s  

es timated a t  380 kg N/ha/an in the absence o f  fertil i ser 

ni trogen , fall ing to 75 kg N/ha in treatment N448 . 

The latter es timate is  cons idered minimal , and may be 

an underes timate to the extent that unidentified losses 

occurred from the soil-pl ant complex as a consequence 

of the subs tant ial fertil iser nitrogen input . 

5 Nitrogen Mineral is ation as Indic ated by Herbage 

Nitrogen Yields from a Cut, Cloverless Sward 

Annual nitrogen yield from the continual ly cut,  

pure gra s s  sward decl ined a li t tle over time : 2 53 , 2 0 3  

and 1 8 8  kg N/ha for years I to I l l , respectively . That 

fall-off may reflect differences in weather condi tions 

between years as well as deplet ion of soil ni trogen . 

The average yearly herbage ni trogen yield ( 2 1 5  kg N/ha ; 
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Table 2 1 ) r epresents 8 . 5% of the soil total nitrogen 

pool to 1 5  cm , or 4 . 5% of that measured to 30 cm in 

thi s  treatment .  

Walker and associates ( Walker et al . 1954 ) , after 

considering results from a variety of sources , 

con j ec tured that some 2 8  kg N/ha would be mineral ised 

over a growing season for every 0 . 1% N in topsoil , and 

tha t  two- thirds ( 1 9  kg N/ha ) of the ni trogen mineral ised 

should be recovered in grass herbage . The total 

ni trogen content of topsoil below this  cut cloverl ess 

sward averaged 0 . 1 6% N to 1 5  cm ,  or 0 . 14% to 30 cm . On 

the above basi s ,  annual herbage ni trogen yield from 

the continually cut cloverl ess sward should have been 

about 2 7  kg N/ha , but the three-year average was almo s t  

eigh t  times that figure ( Tabl e 2 1 ) . 

D GENERAL DISCUSSION 

l Changes in Soil Total Nitrogen Pool s 

A great deal of c are and effort went into monitoring 

changes in soil total nitrogen . While subs tanti al 

error is as sociated wi th individual es timates , it is  

extremely unl ikely that the general pattern of decline 

obs e rved over three years , which was signi fic ant between 

the first and last sampl ings ( Fig .  9 ) , arose by chanc e .  

Thi s  resul t is  clearly at divergence with the vi ew th at 

soil ni trogen accumul ates below perenni al gras s-clover 

a s s ociations , as widely expres sed in the New Zeal and 

gras sland literature ( Watkin 1 949 � S ears & Evans 1 9 5 3 ; 

Walker 1 9 60 , 1968 � Jackman l964a,  b ,  1 96 6 ;  Sears e t  al . 

1 9 6 5a ) . 

Possibly some ' si tuation- specific ' feature of 

thi s  s tudy gave r i s e  to  the observed results . 

For thi s reason a detai led account of previous 

cul tural practices was given earl ier in thi s  secti on 

( B ,  1 ) . While the his tory of the s i te is highly 

unusual , the wri ter remains of the opinion that it 

was unl ikely to have been s eriously influencing the 
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pattern of ni trogen relationships observed 5 to 8 years 

after l evel ling .  On commencement of the study,  topsoil 

total ni trogen content averaged 0 . 1 7 5% N at 0 - 7 . 5  ern and 

0 . 144% N at 7 . 5-15  ern ( F ig . 10 ) .  &�y sugges tion that 

i t  was at or near 1 s te ady-state 1 for grass land in this  

local i ty can be dismi s sed .  The total ni trogen content 

repor ted from a reference si te of Manawatu f ine sandy 

loam under ' rough pas ture • in the s ame locality (Cowie 

1 9 78 ) , was 0 . 5 5% N at 0 - 5  ern and 0 . 3 6% N at 5 - 2 3 ern . 

In an older but heavier al luvi al soil at Gras slands 

D ivision ,  topsoil to·tal ni trogen contents in excess of 

0 . 3% have been observed below mixed swards (Watkin 1949 � 

Sears & Evans 1 9 5 3 ) .  �1e writer has been involved in 

s tudies on an older alluvial terrace ad j oining thi s  

experimental site ( Ball et al . 1979b } , where a topsoil 

ni trogen content bel ow pasture of 0 . 2 3% N at 0 - 1 5  ern 

was encountered . To rul e out any pos s ibil ity that a 

di fference in soil texture could account for th e lower 

value observed during this s tudy , topsoil was sampled 

from an old permanent pas ture on a coar s er alluvial 

soil nearby . Total ni trogen content to 7 . 5 ern was 

almos t 0 . 4% N. Further , soil ni trogen content did 

increase in the surface depth throughou t the cour s e  of 

this  s tudy,  on average over all treatme nts (Fig.  10 } . 

A heavy dressing of lime was worked into the 

topsoil immediately prior to es tabl i shment of the 

experimental swards . Lirning of acid soils has been 

reported to enhance mineral is ation of organic ni trogen 

below permanent grassland (Harrns en & Kol enbrander 1 9 6 5 ) .  

I n  both in vitro and glasshous e s tudies , Jackrnan ( 1 960c ) 

found that rais ing the pH of a Taupo pumice soil from 5 

to near neutral i ty increased the rate of  organic matter 

breakdown . However , that influence was considered to 

be effected on otherwi se s table complexes between organic 

matter and allophane-like colloids , so the general 

appl i c abil ity of that observation to a non-allophanic 

soil of the type involved here is unclear. Surface soil 

pH ( 10 soil : 2 5 water } -;,vas raised from an initial value 

of 5 . 0  to 5 . 2 ,  to 6 . 3 when the s tudy commenced ( Sec tion 
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I I I ,  Table 16 ) .  Treatments were imposed two years 

after l ime application . As discus sed by Rus sell ( 19 7 3 ) ,  

the influence of l iming on the organic matter content 

of field soils has not been well s tudied . In general , 

l iming a very acid soil wi ll reduce its organic matter 

content , but thi s  may s imply reflect breakdown of 

partially decompos ed organic res idues rather than any 

reduc tion in soil humus content ( loc . c i t . ) .  C l assical 

s tudies at Rothams tead (Richardson 1 9 3 8 � Rus s el l 19 7 3 ) 

showed that liming increased both the organic matter and 

total ni trogen contents of an old meadow soil . I t  is 

concluded that l iming is  unlikely to have caused the 

general pattern of changes observed during this  s tudy . 

Resident organic matter was of the mull type , wi th soil 

C/N ratio below 10 , so it would be expected that 

hurnific ation was near complete ( Fl aig e t  al . 19 7 5 ) .  

Further ,  a decl ine in soil total ni trogen pools 

throughout the s ampled profile was s ti ll cont inuing 3 to 

4 years af ter l ime appl ication ( F ig .  9 ) .  

�nese resul ts by no means s tand alone . Fa ilure of 

soi l nitrogen to accumul ate below grass -clover 

associ ations has been reported from several other 

studies . McGar i ty ( 1 9 5 9 ) ,  fol lowing an extensive s tudy 

1 n  northern New South Wales , concluded that the practice 

of sod-seeding mixed legumes into dairy pas tures is 

better regarded as ' fertil ity maintaining ' rather than 

1 fertil ity building ' in respect of thi s  element . 

Rus sell and Harvey ( 1 95 9 ) fol lowed up a soil survey of 

30 years before , s ampl ing soil at 40 reference points in 

an area of South Austral ia used for intensive 

dairyfarming on irrigated gras s-clover pastures . 

Compared with values obtained in 192 9 ,  soils of high· 

init ial total nitrogen content exhibi ted a decline over 

the 3 0  years . S ites wi th initi ally l ow total ni trogen 

contents showed an increase , while intermedi ate values 

(£ 0 . 5% N )  remained unchanged . Work in Queensl and 

( Val l i s  1969 , quoted by Henzell 1970 ) demons trated that 

the net change in soil ni trogen below some pasture 

sys tems may be nil or negative , in spi te of independent 

evidence for subs tantial symbiotic fixation by l egumes 
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in the mixed assoc i ation . 

Finally,  the general tenor of thi s  section might 

be r eversed by directing fair criticism at some pas t 

New Zeal and res earch . In the clas s i c al s tudy by Sears 

and associ ates  ( S ears 1 9 5 3 a ,  c ) ,  main treatments were 

- unreplicated in space . Soil measurements were made 

only at the fini sh of that s tudy .  I n  view of the 

rel atively huge spati al variabil i ty observed in soil 

total ni trogen content in this ( Table 18 ) and other 

s tudi es ( Beckett & Webs ter 1 9 7l i Val l is 1 9 7 3 ; Biggar 

1 9 7 8 ) ,  previous conclus ions regarding the influence of 

agri cul tural pr actices on soil nitrogen ( Sears & Evan s 

1 9 5 3 ; Sears l 9 5 3 c ) could wel l have been erroneous . 

2 Influe�ce of Grazinq and Cuttinq on Changes in Soil 

Total Nitrogen 

I t  is generally accepted tha t  grazing as oppos ed 

to cutting a sward ( 1 pas ture 1 vs 1 me adow 1 management ;  

Wil l iams & C l ement 1 9 6 6 ) wi ll enhance both soil ni trogen 

and organic matter accumul ation ( Whitehead 1970 ) .  

I ns ofar as that the drop in soil total nitrogen was 

greater under cutting than graz ing ( Table 19 ) ,  results 

from this s tudy are in qual itative agreement wi th the 

above general i s ation . Never theles s , little s ati s faction 

can be derived from thi s  result . Over the three-year 

s tudy period , an es timated 60 kg N/ha was removed in 

animal protein from grazed pas tures whi le 1 630 kg N/ha 

was removed 1 n  herbage from cut swards ( Section I I I ,  

Table 10 ) .  Yet the decl ine in the soil total nitrogen 

pool observed throughout the sampled profile under 

cutting was only 2 7 5  kg N/ha greater than under grazing 

( Table 19 } . 

Again ,  avail abl e l iterature on thi s  sub j ec t  is  not 

very cons i s tent . Sears and colleagues carried out 

p arallel s tudies in Manawatu , Sou thl and and C anterbury 

( Sears et al . 1 9 5 3 ) . On conclusion of the Manawatu 

s tudy ,  a higher nitrogen content was measured in soil to 

5 cm where dung and urine had been returned ( 0 . 3 5% N }  
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compared with where they had been wi thheld ( 0 . 2 �/o N )  

over a five- year period ( S ears & Evans 1 9 5 3 ) .  By 

contrast,  in C anterbury no difference was observable 

between treatments in either carbon or nitrogen ( 0 . 2 3 

to 0 . 2 6% N )  c ontents of soil to 7 . 5  cm following 4 year s 

of either re turning or withholding animal excrement from 

grazed swards (Metson & Hurst 1 9 5 3 ) .  These measurements , 

in which treatment differences in soil to only 2 . 5 cm 

could not be detected , were conducted rather more 

rigorously than thos e  at Palmers ton North. Changes 

were compared between sampl es drawn at the s tar t and on 

completion of the s tudy ( loc . c i t . ) .  From the United 

Kingdom, Wol ton ( 19 5 5 ) reported only a small effect in 

thi s  respec t .  In a two-year grass-clover ley, on 

average all treatments accumulated 1 3 5  kg N/ha- 7 . 5 cm . 

Return of dung and urine together , but not s eparately,  

increased the accumulation of  soil  total nitrogen by 

some 70 kg N/ha- 7 . 5  cm above that observed below grazed 

swards rece iving no excreta , over the 18-month period 

of observation ( loc . c i t . ) .  S imi larl y ,  Clement & 

Wil l iams ( 1 9 6 7 ) reported only smal l dif ferences between 

pas ture and meadow managements in the rate of soil 

nitrogen accretion : 440 and 300 kg N/ha-15 cm 

respectively below a three-year grass- clover ley.  The 

advantage attributable to grazing by sheep as oppos ed 

to cutting and removal of herbage was only a meagre 

50 kg N/ha- 1 5  cm yearly.  Working with mixed grass­

subterranean clover ( T . subterranean L . ) pas tures , on 

virgin soi l s  of very low ni trogen content ( 0 . 0 6% N) in 

Wes tern Aus tral ia , Watson & Lapins ( 1 964 ) obs erved an 

increase of 6 5  kg N/ha-10 cm for every lOO kg N/ha 

measured in clover herbage . Over the two-year s tudy 

period,  soil nitrogen accumul ated at an annual rate of  

80 kg N/ha- 1 0  cm , irrespec tive of whether swards were 

grazed or cut , and irrespective of whe ther the cut 

herbage was discarded or returned to plots after drying 

and grinding ( loc .  c i t . ) .  

When results from the field s tudi e s  reviewed above 

and the information gathered in this  exp eriment are 
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viewed col l ec tivel y ,  the fol lowing conclusion emerges 

with c onsiderable clarity:  tha t retention within the 

so il-plant c omplex of ni trogen 1 recycled r in animal 

excreta is extrem��ly poor . Under me adow management , 

the annual outgoing of nitrogen in cut herbage i s  very 

large , general ly several hundred kg N/ha/an . Under 

grazing management ,  espec ial ly that involving sheep , 

the annual nitrogen outgoing in animal protein is  

rel atively smal l ,  general ly less  than 20 kg N/ha/an . 

In no case have observed di fferences in  soil total 

ni trogen accumul ation under meadow and pasture 

management provided anything likA a quanti tative 

reflection of such differences 1n outgoings from the 

soil-plant complex . 

3 Influence of Nitrogen Treatments on Changes in 

Soil Total Nitrogen 

Rel ative to the grass-clover control , no cons i s tent 

influence of ni trogen treatments on changes in the soil  

total ni trogen pool was obs erved ( Tabl e  19 ) .  The rate 

of decl ine throughout the sampled profile below the 

cloverl e s s  sward was a li ttle greater ( _g_  40 kg N/ha/an ) 

than that observed below control , but the difference was 

not signi f ic ant . I t  seems reasonable to conclude that 

had measurements been continued for a longer peri od of 

time , the abs ence of  inputs from both s ymbiotic 

fixation and fertil iser ni trogen to the pure grass 

swards would eventually have been refl ected in 

s igni ficant differences in soil nitrogen changes between 

this  and o ther treatments . Compared with pure grass  

swards , i nclusion of clover in a mixture has been 

reported to enhance nitrogen accumul ation in sur face 

soil ( Sears & Evans 1953 ; Sears  et al . 1965a ) . The 

annual decrease in the soil total nitrogen pool 

obs erved under cut grass by Sears and coll eague s  ( loc . 

c i t . ) was 2 0  kg N/ha-30 cm ,  whi l e  the average annual 

increase under cut grass-white c lover associations was 

190 kg N/ha- 30 cm. The total soil ni trogen conten ts 

reported ( loc . ci t . ) indicate that the rate of soil 
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nitrogen accumulation di ffered l ittle between cut grass­

clover assoc i ations and a cut grass sward receiving 

some 6 2 5  kg N/ha each year as urea . I ncreas ed soil 

nitrogen accumul ation below gras s-white clover 

associ ations , compared with pur e  grass swards not 

receiving ni trogen ,  has al so been reported from s tudi es 

in the United Kingdom ( Cowl ing 1961 � Will iams & 

Clem<;:mt 1 9 6 6 ) . 

The rate of change in soi l total ni trogen was 

unaffec ted by fertil iser inputs of up to 1 3 50 kg N/ha 

over this  three-year period ( Table 19 ) .  Tne abs ence 

of an influence of fertil iser nitrogen on soil nitrogen 

accumul ation below leys has been repor ted from many 

studies ( Wolton 19 5 5 �  Eagle 1 9 71 ;  Hoogerkamp 1 9 7 3 ) .  

Sugges ted reasons (Whitehead 1 9 70 ) include a decreased 

input of grass root res idues where ni trogen is  used , 

clover s uppres sion and/or a 1 pr iming effect r of fertili ser 

nitrogen on mineralis ation of resident soil  organic 

matter . Williams & Cl ement ( 1 966 } reported that 

appl ication of ni trogen at rates up to 3 2 0 kg N/ha/an 

for three consecutive years had no influence on s oil 

nitrogen accumul ation below a grazed grass-clover ley.  

Under cutting with herbage removed , heavy inputs of  

ferti l i ser nitrogen ac tual ly r educed the rate of soil 

ni trogen accumul ation . Subs equently ,  it  was repor ted 

that ni trogen accumulation under a grazed gras s-clover 

ley was enhanced over three years by an annual dres s ing 

of 3 14 kg N/ha ( Clement & Wil l iarns 1967 ) .  These and 

other observations led Clement & Wil l i arns ( loc . c i t . ) 

to the viewpoint that under grass-clover or nitrogen­

fertil i sed grass swards , the accumulation of organic 

ni trogen in soil depends on the s upply of carbon from 

dead roots , leaves and s tern bases . 

4 �iotic Fixation and F ixation Efficiency in 

Grazed and Cut Swards 

Annual averages for symbiotic fixation in grazed 

swards , derived from N2 ( c 2H2 ) fixation estimates
_ 
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( Table 2 0 ) , may be compared with the minimal annual 

average estimates for cut treatments , derived by 

difference ( Table 2 1 ) . In the control and Nl l2 

treatme nts , estimates under cutting were higher than those 

under graz ing ,  by some 20 and 40% respectivel y .  

Simil ar estimates were obta ined in treatment N448 , but 

the value obtained under cutting may be an underes timate 

to the extent that unidentified ni trogen losses occurred 

from the soil-pl ant complex . 

Over the measurement year , fixation efficie ncy 

values in grazed treatments NO , Nl l2 and N448 were 61 , 

48 and 2 3  respectively ( Tabl e 20 ) . &�algarnation of 

fixation es timates in cut swards with correspond ing 

average yearly clover dry herbage yields provides 

es timates of 65 , 57 and 20 for fixation efficiency in 

cut treatments NO , Nl l2 and N448 respectivel y .  Values 

indicated for control and treatment Nll2 , where the 

wri ter cons iders that unidentified ni trogen losses from 

the cut swards would be very smal l 1  are only 7 and l�k 

greater under cutting than grazing , respec tively .  

Within the limitation of the assumptions and errors 

involved in obtaining these data , they indicate a 

rel atively minor influence of  graz ing on soil ni trogen 

availabil ity to white clover , in sp ite of the 

prodigious amounts of ni trogen ' recycled ' by grazing 

animal s .  I f  soil nitrogen availability were 

subs tanti ally increased by grazing it would be expected 

that such an influence would have been reflected in 

very much lower fixation efficiency values for grazed 

than cut swards . 

5 Ni trogen Losses from Grazed Sys tems 

Identification of very iarge unaccounted-for 

nitrogen outgoings from the graz ed treatments ( Table 2 1 ) 
has raised considerably mor e  ques tions than thi s  s tudy 

was designed to answer . The pat tern of mineral ni trogen 

accumulation and decl ine in the s ampled profile below 

grazed swards , over a 1 5-month period ,  was pres ented 
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( Fig . 1 2 ) ,  as it  is felt that nitrate leaching i s  one 

likely avenue for ni trogen loss from grazed swards . 

However , even if the entire mineral ni trogen pool s 

measured over mid summer-mid autumn were leached 

duri ng late autumn-winte r ,  which seems unl ikely,  thi s  

would only account for a fraction o f  the several 

hundred kg N/ha unaccounted-for each year in th e 

nitrogen balance for grazed , mixed swards . Tharn 

( 19 7 1 ) monitored soil mineral ni trogen pool s bel ow 

fallow ,  and cut mixed swards , throughout a year in 

Can terbury . By comparison of the pattern for 

movement of ni trate to depth in the fallow and 

pl anted soil s ,  with the onset of leaching condi tions 

over l ate autumn-winter , he  concluded that mos t  of 

the mineral ni trogen which had accumulated bel ow 

swards over summer-early autumn was not subsequently 

leached . Rather , it  ' di s appeared '  from the surface 

soil by some undefined combination of pl ant uptake , 

microbial immobil is ation and deni tri fic ation ( loc . 

c i t . ) .  Tharn ' s  swards were not sub j ect to any 

grazing influence duri ng the measurement year . 

Urine patches provide a foc al point for 

nit rogen los ses from grazed pastures . Recen t 

s tudie s  wi th which the wri ter has been assoc ia ted 

( Bal l et al . 19 79b ,  and unpublished data ) indicate 

that retention of urinary ni trogen in the soil ­

pl ant compl ex o f  improved pasture i s  little better 

than 20 to 4�/o.  The wri ter considers that losses 

s temming from the aggregation of excess dietary 

ni trogen into urine patches by graz ing animal s c an 

l argely explain the unaccounted- for nitrogen 

outgoings from these grazed grass-clover sys tems . 

That aspec t  of ni trogen relationships i s  consi dered 

in detail in the final section ( V ,  A, 6 & 7 ) . 
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1 .  Spatial variabil i ty in soil total ni trogen 

con tent c reates considerable di fficulty wi th field­

s ampl ing ,  in attempts to measure adequately smal l 

changes in the soi l total ni trogen pool . 

2 .  Under the conditions of this experiment , the 

soil total ni trogen pool throughout the s ampl ed profi l e  

declined in all treatments . Th e  average decl ine under 

grazing ( 60 kg N/ha/an ) was less  than that under 

cutting ( 1 50  kg N/ha/an ) .  

3 .  Nei ther exclusion of clover nor applicati on of 

fertiliser ni trogen at rates up to 1 3 50 kg N/ha/3 

years , influenced the obs erved pattern of decl ine in 

the soil nitrogen pool over three years . 

4 .  Nitrogen fixation under grazing , as es timated 

by field- appl ication of the acetylene reduc ti on assay ,  

was 2 63 ,  1 6 5  and 5 3  kg N/ha/an in gras s-clover pastures 

r eceiving 0 ,  112 and 448 kg N/ha/an respectively . 

5 .  L arge pools of mineral ni trogen accumulated in 

the sampled profil e below grazed gras s-clove r  swards 

over summer- early autumn . Wi th the onset of leaching 

condition s , the pool s decl ined to minimal values by 

l ate winter . An influence of ni trogen treatments was 

superimposed on thi s  s easonal pattern , wi th a peak 

value of almost 200 kg N/ha observed bel ow the pas ture 

receiving 448 kg N/ha/an . While it is suspected that 

much of thi s  ni trogen was l eached , quanti tative 

conclusions were not pos sibl e .  

6 .  Nitrogen bal ances for cut systems indi c ated 

tha t  nitrogen fixation and fixation efficie nc y ,  at 

least in swards receiving 0 and 112 kg N/ha , were not a 

great deal higher th an those measured in grazed swards . 

7 .  Ni trogen bal ances for grazed sys tems indic ated 

that unaccounted- for outgoings of several hundred kg 

N/ha occurred each year from grass-clover pastures . 

Losses indicated were considerably greater from the 

pas ture receiving 448 kg N/ha/an than from control . 
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S ECTION V 

PERSPECTIVE COMMENTS AND MAJOR CONCLUS IONS 

A PERSPECTIVE COMMENTS 

I t  is 2 5  years s ince an attempt was made to quantify 

nitrogen relationships in New Zeal and pastoral 

agri culture (Walker et al . 19 54 ) . As pointed out 

earl ier ( S ec tion I ,  3 ,  a & c ) , both farming and knowledge 

have progressed during those 2 5  years . The purpose of 

thi s sec tion is to discuss several topic s , in which 

progres s  has been made , as they relate to resul ts from 

thi s and other relevant s tudies . An attempt i s  made 

to r econci l e  divergent viewpoints where pos s ibl e .  

A recent treatise (Whitehead 1970 ) provided a 

comprehensive review of  research findings and their 

implic ations to ni trogen rel ationships in grassl and 

farming , with particul ar emphasis on conditions in the 

Uni ted Kingdom. Thos e  well acquainted wi th the 

sub ject will apprec iate the complex nature of the 

' ni trogen cycle ' in pas toral ecosystems , even when 

attention is confined to temperate agriculture . The 

input,  trans formations and outgoings of nitrogen within 

the soil-pl ant- animal complex are almost entirely 

biologically-mediated proces ses . As such , al l ni trogen 

movements are subject to modification by cl imate and 

weather , and can be further modified by management 

practices . The diversity of environmental condi tions 

and edaphic situations under which pastoral agriculture 

is practised ,  even within New Zealand ( Levy 1970 ) ,  adds 

greatly to the compl ex nature of these inter­

rel ationships . A recen t  report ( Scott 19 7 7 ) has also 

indicated qual itative differences among some aspects of 

ni trogen rel ationships , between sheep and c attl e-grazed 

pastures . 

These two features ,  the complexity and diversity 

o f  ni trogen rel ationships i n  pastoral agricul tur e ,  have 

important impl ications to research . Firs t ,  the complex 

nature of  biological inter-relationships makes it  
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difficult to isolate any s ingle component of the 

ecosys tem for meaningful s tudy .  This point i s  nicely 

illus trated by resul ts obtained from pure grass swards 

in the present experiment . Removal of clover resul ted 

not only in cessation of the nitrogen input by symbiotic 

fixation , but al so in a changed physic al environment for 

grass growth in the cloverless swards . In the abs ence 

of competition from whi te clover , presumably expressed 

through a reduction in bas al shading of grasses 

(Mi tchell 1953 ) and possibly al so through reduced 

competi tion for moi sture and soil nitrogen over summer­

autumn , grass performance was al tered . As di scus s ed 

previously ( Sections I I ,  D ,  3 & I I I , D ,  1 ,  c ) , the 

frequency of grass tillers increased 1 annual dry 

herbage yield from grasses was little affected , and it 

was not until the thi rd year that the grass component 

i n  grass-clover control displayed a signi ficant 

s uperiority in terms of herbage nitrogen yield 1 over 

grass grown in the absence of clover . This result 

c annot be construed to mean that no trans fer of the 

ni trogen fixed by whi te clover to gras s associates 

occurred until the final year . Rather 1 as soc iated 

changes affected ni trogen rel ationships , masking any 

nett annual transfer of nitrogen until the third year . 

I t  seems qui te apparent that had the s tudy been 

c ontinued over a longer per iod , more pronounced 

differences would have emerged between treatments in 

this  respect . Second , diversity among pastoral 

ecosys tems creates difficulty in deriving principles 

of  general applic ation, even when whole sys tems have 

been s tudied over a period of years , as has been the 

c ase here . Thi s  point can be amply illustrated by 

extension of the above discus sion .  I t  is self­

apparent that had thi s  s tudy been conducted on a s i te 

of  very low soil nitrogen s tatus , a dif ferent set  of 

result s  would have been obtained . They may have been 

in better agreement with those from pas t research at 

thi s  s tation (Melville & Sears 1 9 5 3 ; S e ars et al . 

l 9 6 5 a ) and shown a rel atively subs tanti al nett transfer 
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of ni trogen from c l over to associated grasses , and have 

been apparent from the fir s t  year . 

Both the complex , interactive nature of nitrogen 

relationships in pas toral ecosystems , and the diversity 

of conditions under which pastoral agriculture is 

practised,  have to be borne in mind when seeking 

generality from results obtained during this and 

as sociated res earch . Throughout this  r eport , the wri ter 

has endeavoured to confine attention to highly 

productive , developed pas tures based predominantly on 

ryegras s and white clover � thereby narrowing the range 

of ecological s i tuations under consideration .  

Unfortunately,  much o f  the exi s ting knowledge i n  thi s 

country ' s  literature pertains to ni trogen relationships 

in developing gras s l and s ys tems . Thi s  point can a gain 

be illustrated by consideration of the performance of 

cloverless swards in this  and pas t s tudies . During 

the class ical s tudies by Sears and as soc iates ( Sears 

1 9 5 3 a ,  c �  Sears et  al . 195 3 )  the following annual 

average herbage ni trogen yi elds from continually cut , 

cloverless swards were reported : from Manawatu , 5 5  kg 

N/ha ( Melville & S ears 1 9 5 3 ) �  and from Southl and , 

7 1  kg N/ha ( Sears et  al . 1 9 5 3 ) .  Herbage ni trogen 

yields were not reported from Canterbury , but can be 

estimated from the grass DM yields tabul ated ( loc . c i t . ) 

to have been some 30  to 3 5  kg N/ha/an over the final 

two years of that s tudy .  In a later s tudy 1n this  

local i ty ,  the aver age value report ed was 3 5  kg N/ha/an 

( Sears et al . 1 9 6 5a } . Under conditions prevai l ing 

during the present experiment , the aver age her bage 

nitrogen yield f rom a continually cut ,  pure grass sward 

receiving no fertili ser ni trogen was 2 1 5  kg N/ha/an 

( Section IV, Tabl e 2 1 ) ,  indicating a much higher l evel 

of soil nitrogen availabil i ty than has been the case in 

pas t s tudies . Assoc iated clover dominance in swards 

during that early res earch has been discussed previously 

( Sec tion I I ,  D,  1 ) . 
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1 Soil Organic Matter Qual ity and Level 

A national s tudy was carried out recentl y into 

nitrogen rel ationships in reasonably well developed 

pas tures , grazed by sheep , at 8 cl imatically diverse 

sites throughout New Zeal and ( B all et  al . 19 7 9a ) . Of 

the soil charac ter i s tics measured , soil C/N ratio rel ated 

more closely to yearly gras s DM yi eld , N2 ( c 2H2 ) 

fixation and fixation efficiency ,  than did the soil 

total nitrogen pool to 1 5  cm . As thos e  are all pas ture 

production par ameters considered l ikely to refl ect soil 

nitrogen avail ability ( Hoglund et al . 1 9 79 ) , thi s  

obs ervation points to an inadequacy in seeking an 

unders tanding of soil nitrogen rel ationships on thei r  

own . Th e  qual i ty o f  res ident organic matter , 

especially the C/N ratio , clearly influences soil 

ni trogen availabil i ty ( Bartholomew 1 9 6 5 ) .  Only where 

res ident organic matter has a close C/N ratio is soil 

ni trogen availabil i ty l ike ly to be directly rel ated to 

the s i ze of the soi l total ni trogen pool , as sugges ted 

by Henzell & Ros s  ( 1 973 ) .  

Depending on the qual ity of res ident organic matter , 

contras ting ecological situations exi s t .  Their 

description may help reconcile some of the apparent 

contradic tion between conclusions from this s tudy and 

viewpoints expre s s ed previously.  Accumul ation of mor-

type organic matter is charac teristic of acid , inferti l e  

soi l s  maintained under short scrub or poor grassland , 

in mois ter areas of  New Zealand ( Barratt 1966 ) .  From 

the wri ter ' s  experien ce , such topsai l s  may contain a 

substantial pool of  total ni trogen ( c 0 . 2 to 0 . 4% N )  

rendered largel y  unavailable by a wide C/N ratio ( £  1 4  

to 2 0 ) .  Where resident organic matter i s  of  thi s  

c arboniferous mor- type , partly decomposed organic 

residues provide a pl entiful energy subs trate and 

foster intense competition by soil microbes for 

avail able ni trogen . This feature may provide the 

reason that agri cu l tural i s ts obs erving and researching 

pas ture devel opment in such s ituations placed so heavy 

an emphasis on formation of animal urine as the 
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effective pathway for transfer of ni trogen from cl overs 

to  grasses ( S ears 19 5 6 ,  1960 ; 0 1 Connor 1966 ; Levy 

1 9 70 ) . Acute ni trogen deficiency r estricts gras s 

growth and favours cl over growth in developing pastures 

( S ears 1960 ) ,  so a l arge part of herbage intak e  would 

have been provided by clovers .  Onl y  when herbage 

ni trogen was inges ted by grazing animal s ,  separated by 

ruminant digestion from the carbon wi th which it was 

associated in pl ant material , and then aggregated into 

urine patches as very l arge input s  of readily-avail able 

nitrogen ,  could any immediate benefi t to gras ses be 

observed . Rel ativel y  good retention of urinary 

ni trogen wi thin the soil-pl ant compl ex would be expected , 

through immobil i s ation of much of the nitrogen in excess  

of  immediate plant requirements . Clover nitrogen 

introduced by the al ternative pathways of decomposition 

of  root and nodule tis sues ( Butler & Bathurst 19 5 6 ; 

Chu & Robertson 1 9 74 ) or senescence and decay of above­

ground ti s sues ( Brougham 1 9 58 , 1 9 6 6 ; Hunt 1 9 70 , 1 9 7 1 ; 

Korte & Sheath 1 9 78 ) , would be substant i ally immobili sed 

by microbial decomposers . 

Resident organic matter of the mull-type i s  formed 

in soils below well managed produc tive pastures 

( B ar ratt 1 9 6 6 ) ,  with C/N ratio typically about 10 

( Jackman 1964a,  b ;  see al so Sec tion IV, Fig . 9 ) . In 

contrast to the s ituation described above , carbon 

subs trate for microbial activi ty i s  l argely l imited to 

recently added organic residues . Nitrogen inputs as 

clover root and herbage res idues would be expected to 

become rel atively quickly avail able to grass associate s . 

Mos t  of the ni trogen inges ted by grazing animal s ari s e s  

from the soi l , following plant uptake by thes e  grass­

dominant swards . At the s ame time , there is 

insufficient availabl e carbon in such soils to prevent 

subs tantial nitrogen losses from urine patches . 

In light of  the above contras t ,  the wri ter 

considers that differences in organic matter quality 

contribute , in  part , to the di fference in viewpoints 

regarding the role of grazing animal s in ' recycling • 
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ni trogen, which h ave emerged from thi s  and pas t  s tudies . 

In a previous s tudy by Sears and coll eagues at 

Palmers ton North ( Sears 1953 a ,  c )  C/N ratios on 

conclus ion of the experiment ranged from 15 to 19 

( Sears & Evans 1 9 5 3 ) ,  al though a closer ratio was 

reported fol l owing earl ier observations at the same 

site ( Watkin 1 949 ) .  

The accumulation of mull organic matter and total 

nitrogen in soils below well managed pas ture follows an 

asymptotic pattern towards ' s teady- s tate ' level s 

( Jackman 1 964a , b ,  1966 ; Whi tehead 1970 ) .  Obviously , 

accumul ation r ates observed during any experiment will 

be influenced by ini tial levels in the soil s tudied . 

The very l arge accumul ation rates r eported from the l ater 

s tudy by Sears and associates ( the annual average was 

almost 2 50 kg N/ha- 30 cm in gras s-clover swards ; Sears 

et al . · 1965a ) were recorded on a r aw subsoil , wi th an 

ini tial ni trogen content of 0 . 0 8% N .  Where gras sl and 

had been resown after cropping , and initial l evel s were 

much higher ( Jackman 1960a } ,  the rates of accumulation 

below well managed pas ture were typically about 110 kg 

N/ha/an over a ten-year period . 

I t  is  generally accepted tha t  when arable so i l s  

are sown to mixed swards containing active legumes , the 

content of both organic matter and nitrogen increas e , 

and continue to do so for man y years if the soil remains 

out of cul tivation (Rus sell 1 9 6 2 ; Will iams & Clement 

1 9 6 6 ; Clement & Williams 1967 ; Whi tehead 1 9 70 ; 

Greenland 1 9 7 1 ; Hoogerkamp 19 7 3 ) .  The increase i s  

asymptotic , wi th an equilibrium o r  s teady-s tate 

eventually reached when addi tions of organic matter and 

ni trogen are bal anced by oxidation and losses ( Russell 

19 7 3 ) .  After reviewing world l i terature from s tudies  in 
temperate gras sl and areas , Whitehead ( 19 7 0 ) concluded 

that when previously cul tivated l and is sown to a gras s ­

l egume sward , soil ni trogen normall y  inc reases a t  an 

ini tial annual rate of 55 to 1 6 5  kg N/ha , and that the 

rate of accumulation i s  enhanced by climatic condi t i ons 

favouring high growth rates , by the presence of l egumes , 
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by grazing and by a plenti ful supply of nutrien ts other 

than ni trogen . In  thi s respect ,  results observed 

during thi s  s tudy are clearly out of line . The wri ter 

considered the soil typical of any comparabl e ,  recen t  

alluvium , which had been sub jec ted to repeated croppi ng 

a few year s before measurements c ommenced . Yet ,  as 

cons idered previously ( Section I V ,  Tabl e 19 & Fig . 9 ) ,  a 

general pattern of decl ine in the soil total ni trogen 

pool throughout the sampled profil e  was observed over 

the course of the experiment , in all treatments .  

Obviously,  this  negative change i n  soil ni trogen has 

influenced quanti tative conclusions drawn from the 

s tudy , espec ially estimates c alcul ated by dif ference in 

the nitrogen bal ances ( i . e . unidentified nitrogen 

losses from grazed s ys tems and symbiotic fixation in cut 

sys tems � S ection IV, Table 2 1 ) .  I t  was al so a high 

rate of mineral i s ation which met the nitrogen 

requirements for the relatively l arge dry herbage and 

herbage ni trogen yields from the cloverl ess swards . 

Pos s ibl e reasons for the obs erved resul ts have 

been discus s ed ( Sec tion IV, D, 1 ) . Liming two years 

before the s tudy commenc ed may have enhanced both 

mineral i s ation and nitrificati on of soil organic 

ni trogen � twin processes which may lead to nitrogen 

los ses from the soil-plant compl ex ( Al exander 1 9 6 5 ) .  

However ,  this  seems an unl ikely c ause in view of both 

the duration of the changes , and information avail abl e 

from other s tudies .  Subs tant ial accumul ation of soil 

nitrogen below gras s-clover swards was recorded in a 

previous s tudy in this  loc al i ty ,  involving an equally 

disturbed alluvial soil of pH 6 . 4  ( Sears  et al . 19 6 5 a ) .  

The poss ibility that soil nitrogen content at thi s  s i te 

was at or near a s teady-s tate l evel has also been 

dismis s ed ( Sec tion IV,  D, 1 ) . Whil e it is considered 

impossibl e to be adamant that the pattern of change in 

soil total ni trogen reflected no particul ar si te-

specific soil charac teris ti c ' s ) ,  the following explanation 

i s  considered the mos t  likely . · During the conduct of 

thi s  experiment ,  a high level of  herbage utilisation 

was achieved throughout .  The r e asons were two-fold : 
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previous experience had shown that herbage uti l i s ation 

in sheep-grazed pasture could be approximated more 

accurately with the cutting technique used ,  when 

rel ativel y  close defol iation was practi sed �  and the re 

was a consc i ous effort to minimi se yields of dead 

herbage , as it  was considered that they could not be 

partitioned rel i ably between the clover and grass 

components of  the sward . To check whether equival ence 

was being attained in grazed and cut swards , s tubbl es 

were measured to ground level i n  several nitrogen 

treatments , immedi ately after a defoli ation in spring of 

the fir s t  year . Average dry herbage yield was 1 0 90 kg 

DM/ha , with averages for both methods of defol iation 

and three ni trogen treatments within the range 1 0 3 0  to 

1 1 50 kg DM/ha . Compared with stubbl e yields from 

other s tudies  ( Smetham 19 7 5 ) these were small ,  and 

indicate a high l evel of ' ut i l i s ation ' of herbage grown 

in both grazed and cut treatments . 

I t  i s  unlikely that herbage would be uti lised to 

this extent , on a year-round bas i s , in farming practi c e  

( loc . ci t . ) .  One practic al consequence i s  that the 

quanti ty of aerial tissue avail able to th e soil 

decomposer network was relatively smal l ,  as the input 

of fresh organic res idues via herbage litter i s  greatly 

reduced by frequent and intense defoliation ( Brougham 

1 9 58 � C l ark & Paul 19 70 � Hunt 1971 � Korte & Sheath 

1 9 78 ) . Accordingly ,  it i s  contended that an unusually 

small input of  organic res idues ( al ternatively a very 

high level of herbage uti l i s ation ) c au s ed the general 

pattern of  soil nitrogen decl ine observed dur ing this  

s tudy .  The small input of c arbon substrate , mos t of 

that presumably aris ing from s enescence of root ti s sues ,  

was insuffic ient to match the concomi tant oxidation of 

organic matter . The C/N ratio of resident organic 

matter was near 1 0 , indic ating more or less c omplete 

humification ( Russ el l  1 9 7 3 � Flaig et al . 1 9 7 5 ) ,  s o  the 

only prospect for retention of nitrogen in the so i l  was 

through a nett gain in soil organic matter content . 

The experimental conditions precluded any such gai n .  
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Throughout the sampled profil e ,  more organic ma tter and 

ni trogen was mineral ised than was accumulated . 

A piece of  indirect evidence suppor ts the above 

contention . Apparent dry herbage intake s by animal s in 

the grazed swards were reported previously ( Sec tion I I I , 

Table 1 7 ) .  Compari son of those values with establ ished 

herbage intakes for non-lactating , mature sheep 

(Rattray 1 9 78 � R . G .  Keogh , pers . comm . ) indicates that 

during years I and I I , the total dry herbage yields 

measured corresponded well wi th exp ec ted animal 

util isation . During the final year , cons iderably fewer 

sheep were available to graze the experimental swards . 

Individual grazings took longer , and were less inten s e  

than those achieved earl ier in the s tudy .  Cutting 

heights were ad jus ted accordingly .  Under these 

conditions , e stimates for apparent dry herbage intake 

were considerably higher than would be expected , 

indicating that a significant part of the herbage measured 

did , in fac t ,  become avail abl e to the decomposer network .  

During the s ame year , a very high l y  signi ficant increas€ 

in the total ni trogen content of  topsoil was recorded 

( Sec tion IV,  Fig . 10 ) .  

As d iscus sed previously ( Section IV, D ,  1 ,  2 & 3 )  

the result s  from this s tudy are in l ine with information 

from several other sources indicating that factor s 

influencing soil carbon accumul a tion , rather than the 

size of ni trogen inputs , determine the extent of  soil 

nitrogen accumul ation in a fertile soil . On the other 

hand , during the conversion of mor-type organic matter 

to mull , as observed by Walker and as sociates ( Walker et 

al . 1 9 59 ) , a ssuming good pastu re husbandry, the annual 

input of - nitrogen is probably r a te-limiting . I n  that 

s tudy , substantial accumul ation of so il  nitrogen occurred 

wi th l i t tl e  accompanying change in soil organic matter 

content over a 2 5- year period . 

2 .  Grazing vs Cutting 

During thi s  s tudy the influence of  grazing , as 
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opposed to cutting wi th removal of herbage , on measured 

parameter s  was not spectacul ar . A smal l advant age to 

grazing was recorded in total dry herbage yields 

( Section I I , C ,  1 ,  a & Table 2 )  and herbage ni trogen 

yields ( Sec tion I I I , C ,  2 ,  b & Table 10 ) ,  but l i ttl e 

influence on fertili s er ni trogen responses ( S ections I I , 

C ,  1 ,  e & I I I , C ,  2 ,  a )  nor on es timates for the various 

parameters in ni trogen bal ances for the gras s -clover 

s ys tems ( Section IV, c ,  4 & Table 2 1 )  was obs erved . 

C ertainl y ,  the sharp contras t in bot anical composition , 

which has been observed in some pas t grazing vs mowing 

compari sons ( reviewed throughout Section I I ) , was not 

apparent in thi s s tudy . I t  was not unti l the third 

year that a signific ant di fference between grazed and 

cut swards in the annual yield of cl over was observed 

( Section I I , Table 2 ) • 
Thi s  absence of any pronounced influenc e  of 

defoliation method on ni trogen rel ationships presumably 

reflects a number of f actor s . Important among them i s  

the cutting method employed . As di scus s ed earl ier 

( Section I I , D, 1 )  an el ectric shearing handpiece was 

used to cut herbage , as it  is considered to allow 

better s imul ation of sheep-grazing than the alternative 

use of a mower . I n  partic ul ar , the operator can 

harvest clover ti s sue from among tufted gras s plant s , 

in much the same way as sheep do . I n  c ontras t ,  thi s  

material would b e  left  behind by a mower operating a t  

a fixed height , f avour ing subsequ ent clover regrowth 

and probably enhancing the popul ation of rooted clover 

nodes . The latter technique may better represent l ax 

grazing by cattl e .  

During thi s  experiment , the rate of decl ine in soil 

total ni trogen was - somewhat less ( 90 kg N/ha/an ) under 

graz ing than cutting . I n  terms of the results and 

reasoning presented i n  th i s  report ,  the difference i s  

not unacceptably smal l . A grazing ruminant ingests  

herbage , metabol i s es 70 to 8�� of  the contained carbon,  

and excretes the res idue in dung . For the much greater 

part of the grazed area unaf fected by dung the nett 
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proce s s  i s  no di fferent from cutting with removal of  

herbage , insofar as  carbon input to the soil  is  

concerned . The difference observed between 

defoli ation treatments in rate of change in soil total 

ni trogen s eems most l ikely to have been the outcome of 

dung return to the soil , pos sibly coupled with a l arger 

input of plant residues in the grazed swards . The 

l atter might be expected on the bas is of the higher 

total yields measured under grazing { 20 to 2 5% annual l y ;  

Sec tion I I , Table 2 ) . 

Graz ing as opposed to cutting should not greatly 

influence the rate of soil nitrogen accumulation in a 

fertile soil , except insofar as that one or other 

defol iation treatment may influence the provis ion of 

organic res idues to the soil . Thus , where grazing and 

associated return of dung and urine have rel ieved acute 

potassium deficiency and resul ted in greatly increased 

biomass production { Wol ton 1 9 5 5 ) ,  an effect on soil 

ni trogen accumulation would be expected . Al ternatively ,  

unequal herbage removal by either grazing or cutting 

would favour soil nitrogen accumul ation in the treatment 

where herbage removal was less  complete . 

At this  junc ture , some past New Zeal and res earch i s  

open to fair criticism .  In the ini tial study b y  Sears 

and associates , dung and urine were mixed and appl ied 

evenly wi th a watering can to plots of the ' return ' 

series ( Sears 195 3a ) . The benefit to herbage 

production , as summari s ed earl ier { Section I I , Table 7 ) , 

was substantial but the method of excrement retu rn was 

so far removed from wha t  happens in the fi eld as to 

c as t  serious doubt on the quantitative conclus ions 

drawn . Likewise , in their l ater s tudy { Sears e t  al . 

1 9 6 5a ) , ' animal return ' was s imul ated by drying , 

grinding and spreading evenly over plots , 8�/o of the 

herbage harvested . Again , the simul ated method of 

animal return was completely divorced from the grazing 

s i tuation , both in terms of evennes s of  return and 

provis ion of a c arbon subs trate in intimate as sociation 

wi th the returned ni trogen . In effec t ,  plots of the 

' return ' series were small- scale compost heaps . 
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Viewing thos e  experiments with hindsigh t , the wri ter 

concludes that their principal merit is that they 

provide something of a benchmark for potential symbiotic 

fixation in grass-clover associations . The resul t s  

obtained , whi ch have become wide l y  accep ted i n  our own 

and the international grassland l iterature , are considered 

to have l i tt l e  quanti tative rel evance to productive 

pas toral ecosystems util ised for intensive lives tock 

production . 

In a recent analysis of ni t rogen relationships in 

ni trogen- fertili sed grass swards (Richards 19 7 7 } ,  i t  

has likewi s e  been noted that the ni trogen redistributed 

in the urine and dung of grazing animal s exerts a 

relatively small effect on dry herbage and herbage 

nitrogen yields . The reason suggested was that sward 

damage associated wi th grazing offset much of the 

benefit which might otherwi s e  have accrued from thi s  

subs tant i al ni trogen input ( loc . ci t . ) .  Doubtl es s ,  

some negative influences are incorporated in the 

results obtained from grazed swards during thi s  s tudy . 

However , i f  sward damage during grazing could 

effec tively offset the yield response to be expected 

from inputs of ni trogen , then significant defol iation x 

ni trogen treatment interaction s  would have been 

expected . In fact such interactions were not a 

feature of annual herbage yields ( Sections I I , C ,  1 ,  e 

& I I I , c ,  2 ,  a ) . Sward damage seems unlikely to have 

been an important fac tor . 

3 Mineralis ation of S oil  Nitrogen 

Numerous attempts have been made to estimate nett 

annual movement of nitrogen f rom the organic to 

inorganic pool s .  In cultivated soil s nett 

minerali s ation i s  normall y  between 2 and 4% of soil 

total ni trogen to 1 5  cm , al though the proportion is 

affected by soil texture and climate ( Scarsbrook 196 5 } . 

I n  the present s tudy , yearly nett mineral i s ati on , as 

indicated by the herbage nit rogen yiel d of a continu al l y  

cut , cloverless sward , averaged 8 . 5% o f  s o i l  tot al 
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ni trogen to 1 5  cm , over three years ( S ec tion IV,  C ,  5 } .  

Depending on vi ewpoint , the difference may be taken to 

indicate a very high level of soil ni trogen 

avail abil ity , or construed as evidence for atypical 

behaviour in soil at thi s  si te . 

On the basis  of in vi tro incubation s tudies , 

Broadbent et  al . ( 1964 ) c alcul ated annual estimates of 

4 to 1 1% for organic matter mineral isation in four 

North I sl and pasture soi l s .  As s tated by the authors , 

thos e  were probably over-es timates for undistu rbed soi l s  

under field conditions ( loc . c i t . ) .  Us ing obs erved 

rates for organic matter and ni trogen accumul ation , 

after previously cul tivated fields had been returned to 

well managed pasture , Jackman ( l964b ) c alcul ated 

average annual mineral i s ation rates of 1 2% for three 

non-allophanic soils , but only 5% for 5 soils containing 

allophane-l ike colloids . When land was cul tivated 

from good pasture at Palmers ton North , the annual rate 

for nett mineralis ation was es timated to represen t  about 

5% of soil total ni trogen in the upper 1 5  cm of soil 

( Sears et al . 1965b ) . A mos t  appropri ate s tudy in 

thi s  context was carried out in Canterbury ( Tham 19 7 1 ) .  

Tham measured herbage ni trogen yields from a ryegrass 

sward sown after autumn cul tivation , and from older 

e s tabl ished swards from which clovers had been removed 

with a sel ective herbic ide . Between March and 

November , estimates of nett mineral is ation as a 

proportion of soil total ni trogen to 1 5  cm were 4 . 5% 

for the newly-establ i shed grass sward , 3 . 7% for 

undis turbed grass on the same soil type , and 2 . 7% for 

an older pas ture . The es tabl ished swards gave very 

s imilar herbage nitrogen yields , the proportional 

di fference reflecting a very much l arger soil total 

ni trogen pool below the older pasture (loc . c i t . ) .  

Brock ( 1 9 7 3 ) measured nitrogen yields from cut ryegrass 

swards , sown after surface-cul tivation of plots in whi ch 

three di fferent l egumes had been grown . Nett 

mineral i s ation indic ated was 2 . 5% of soil total nitrogen 

to 30 cm , es timated by the writer to have been about 
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4 . 5% to 1 5  cm ,  each year . However , the concurrent 

decline in soil total ni trogen,  monitored over the two­

year s tudy period , was subst anti ally greater than 

herbage nitrogen yields { loc . c i t . ) .  Edmeades & Goh 

{ 19 7 8 ) reported es timates for nett mineral isation in 

four C anterbury pas ture soi l s ,  bas ed on herbage nitrogen 

yield in grasses plus soil-derived ni trogen in white 

clover herbage . From their results , based on 0-20  cm, 

the wri ter has estimated annual nett mineral i s ation 

rates to 15  cm of between 2 and 4% for the vari ous 

soil s .  

Viewed collectively ,  the foregoing es timates bas ed 

on herbage ni trogen yields in cut material , with no 

all owance for root growth , indicate that on an annual 

bas i s  nett mineralis ation may vary between 2 and 5% of 

the soi l  total ni trogen pool to 1 5  cm . By compari son , 

the average annual value of  8 . 5% obtained during thi s  

s tudy appears unusually high ,  sugges ting that some si te­

specific characteris tic { s )  enhanced nett mineral i s ation 

of s oil nitrogen . 

I t  remains to be es tabl ished whether thi s  val ue 

c an be verified at an und i s turbed s i te ,  under otherwi se 

comparabl e conditions . I t  does not appear that previous 

d i sturbance of the subsoil resulted in a nett rel ease 

of nitrogen from soil below the influence of  ploughing . 

The total ni trogen pool i n  subsoil remained virtual l y  

unchanged throughout the s tudy { Sec tion IV, Fig. 9 ) . 

As has been di scussed earlier { S ec tion IV,  D ,  1 )  and 

previously in this Sec tion { A ,  1 ) , the wri ter considers 

that the two factors mos t  likely to have effected so 

high a nett minerali s ation rate were the low C/N ratio 

in soil at the s i te , and the rel atively frequent , close 

defol iation practi s ed .  Soil C/N ratios have not 

generally been reported from other s tud ies , but they 

ranged be tween 1 1 . 7  and 1 2 . 9  at 0 - 10 cm in the soi l s  

s tudied b y  Edmeades & Goh { 19 78 ) .  An influence of 

organic residues on soil ni trogen retention i s  

illustrated in two local s tudies ( Sears e t  al . 19 6 5b �  

Tham 19 7 1 ) . Loss es o f  soil nitrogen were greater from 
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fallow than pl anted soil s , in spite of subs tantial 

nitrogen removal from the l atter in the respecti ve crop 

and herbage yields . I t  was considered that the better 

ni trogen retention in the pl anted soil s resul ted from 

provis ion of organic residues , which fos tered microbial 

immobilisation of mineral ni trogen , as opposed to 

losses from the fallow s oils ( loc . ci t . ) .  

Large estimates for mineral i sation rates , based on 

mathematical interpretation of the dynamics for organic 

matter and ni trogen accumulation in non-allophanic soil s 

below well managed pastu res ( Jackman 1 9 64b ) are 

cons idered to provide evidence for substantial nitrogen 

outgoings from developed , grazed pas tures , qui te 

independently of results aris ing dur ing this s tudy . 

4 Nitrogen Fixation by White Clover, and Fixation 

Efficiency 

Henzell ( 1970 ) drew attention to difficul ties in 

compil ing a ni trogen balance for grazed pas tures . A 

ma j or defic iency he considered was the non- avail abil i ty 

of methods to obtain an accurate assessment of symbiotic 

fixation in grazed pas tures , coupled wi th considerabl e 

res ervation over applying values obtained from cut 

swards to grazed pastu res . Recent developments in 

field- application of a stable isotope l abell i ng technique 

( Vall is  et al . 1 9 6 7 , 1 9 7 7 }  and the acetylene reduc tion 

as s ay ( Hoglund & Brock 1978 ) have provided a break­

through in this respect .  Using the former technique , 

Edmeades & Goh ( 1 9 7 8 ) obtained estimates for fixati on 

by white clover ranging from 45 to 142 kg N/ha/an among 

four pas tures of varying age in Canterbury . Plots 

were retired from graz ing during the year-long 

measurement period . Appl ic ation of the acetylene 

reduction as say provided an average annual estimate for 

N2 ( c 2H2 ) fixation by white clover of 185  kg N/ha,  in 

r easonably well devel oped pastures grazed by sheep at 8 

s ites throughout the country (Hoglund et al . 19 79 ) . 

The acetyl ene reduc tion assay has been criticised , wi th 

evidence given indic ating that the one hour incubati on 
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used overes timates symbiotic fixation ( Gob et  al . 1 9 78 } .  

However , es timates of fixation based on the i sotopic 

dilution technique , the standard against which the 

acetylene reduction assay was compared ( loc . c i t . ) ,  are 

quite cl early conservative . Nitrogen fixation was 

calculated from measured clover herbage nitrogen yields , 

after correction for soil -derived ni trogen . As 

considered later in thi s  section , there is  abundant 

evidence showing that much of the ni trogen incorporated 

into biomass by whi te clover escapes conventional yield 

measurements . 

Recent cul tivations at thi s  site should have 

resul ted in experimental swards which were at only an 

intermediate stage of development ( Sears 1960 ) ,  and this  

i s  confirmed by their c lover content . While annual dry 

herbage yields from the grass-clover control treatment 

were l arge ( 14 to 1 7  t DM/ha ; Section I I , Table 3a } 

the contribution by whi te clover to total yield was 

substantial , averaging 3 5% in control over the cours e  

of the s tudy . Under these condi tions , annual N2 ( c 2H2 ) 

fixation of 2 63 ,  1 6 5  and 5 3  kg N/ha was measured during 

the final year , in  grazed swards receiving fertili ser 

inputs of 0 ,  112 and 448 kg N/ha/an , respec tively .  

Qui te clearly,  ferti l i s er nitrogen depres sed ni trogen 

fixation in the grass-clover swards ( Section IV,  Tables 

2 0  & 2 1 } . The di fference between the value obtained 

for control , and that measured in other studies on 

grass-clover swards receiving no nitrogen , l argely 

reflec ted a difference in clover herbage yields ( Section 

IV,  C ,  2 & D ,  4 ) . The very l arge estimates for 

symbiotic fixation reported from previous s tudies  in 

thi s  country ( 600 kg N/ha/an , and over : Sears & Evans 

1 9 5 3 ;  S ears et al . l 9 6 5a ) have refl ected a combination 

of very clovery swards and substantial increases in soil 

total ni trogen . In the abs ence of N2 ( c 2H2 ) fixation 

measurements during the first two years , estimates were 

obtained using fixation efficiency values recorded in 

the final year . Average annual fixation estimated 

for the grazed gras s-clover s ys tem receiving no 

ferti l i s er nitrogen ( 3 2 0  kg N/ha ; S ection IV,  Table 2 1 ) 
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reflects the higher clover yields measured earlier in 

the experiment , especially during the first year . 

I t  was previously considered that as similation of 

soil ni trogen by clovers growing in association with 

gras s e s  was negl igible (Walker et al . 1 9 54 ;  Walker 

1956b ; 1 9 60 ) . A conclus ion readily drawn from that 

viewpoint was that cul tural or environmental fac tors 

influencing clover yield also exerted a related effect 

on symbiotic fixation . Experimental evidence for that 

view was obtained from a gl as shouse s tudy by Walker and 

coll eagues (Walker et al . 1 9 56 } . Labelled nitrate and 

ammonium salts were added to s eedl ing ryegrass and 

white clover plants grown both separately and together 

in a s andy subsoil . Over a wide range of nitrogen 

inputs , when grass and clover were grown together only 

some 5 to 6% of the appl ied ni trogen was recover ed in 

clover herbage and roots . The experimental conditions , 

involving growth of juvenile plants under glass in  

summer , would have ensured intense competition between 

grass and clover for mineral ni trogen . However , as 

was considered by those workers ( Walker et al . 1 9 54 ) , 

the growth curves of temperate grasses and white clover 

are not coincident under field conditions . To a 

considerable extent,  intense competi tion during periods 

of rapid growth may be averted through separation in time 

of the growth curves for grasses and clover . Because 

of species d"ifferences in optimum temperature (Mi tchell 

1 9 5 6 ) ,  in many New Zealand environments grass dominance 

tends to prevail over late autumn-winter-spring , with 

clover dominance prevailing over summer-early autumn , 

providing that moisture i s  adequate for pasture growth 

( Brougham 1 9 5 9 ; Brougham et al . 1 9 78 ) . A reduced 

potenti al for growth by ryegrass tillers , following the 

reproductive phase of growth in spring ( Hunt & Field 

1 9 7 8 ; Field 1 9 79 ) ,  probably contributes to the seasonal 

ascendancy of whi te clover . Thi s  seasonal s eparation 

betwe en the periods of dominant growth for many 

temperate grass  species and white clover creates the 

potential for clover to obtain much of its nitrogen 
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from the soil . 

I t  is  qui te clear that fixation and uptake of soil 

ni trogen can compri se al ternative , i nteractive sources 

of nitrogen for white clover growth (Walke r et al . 

1 9 5 6 ; Allos & B arthol omew 1959 ; Mous tafa et al . 1 9 6 9 ; 

Vallis  et al . 1 9 7 7 ) .  The general topic was recently 

reviewed by Val l i s  ( 1 9 78 ) . He concluded that soil­

derived ni trogen does not usually consti tute a ma j or 

source of nitrogen for legumes growing in association 

wi th grasses , but ci ted many exceptions to that 

generality, from recent li terature . A previous s tudy 

(Vallis et al . 1 9 7 7 ) had shown that the proportion of 

soil-derived ni trogen in white clover herbage increased 

as the clover content of mixed swards increas ed . I t  

has long been suspected that clover s  make subs tanti al 

use of soil ni trogen when swards are irrigated 

( B . R .  Watkin , pers . comrn . ; Brougham & Bal l ,  unpubl i shed 

data ) : in spite of a two or three- fold increase in 

clover yield , grasses in irrigated pastures have 

remained under nitrogen s tress during cool-season growth . 

Us ing the i sotope dilution technique in an irrigated 

Canterbury pasture , Gob et al . ( 19 7 8 ) estimated that 30% 

of the nitrogen in whi te clover aros e  from the soil , 

during 6 weeks ' growth in autumn . 

Where s ummer-aut umn conditions are relatively warm 

and dry , the mineral ni trogen pool below developed 

pas tures di splays a s easonal pattern . Relativel y  low 

level s have been observed over the main period of grass 

growth , but the pool size builds up over summer- early 

autumn ( S impson 1962 ; Tharn 1971 ) .  Peak soil 

temperatures for the year (£ 18°C ;  0900 h at 10 cm } and 

wetting-drying cycles have been obs erved in topsoil 

below pasture in Manawatu over thi s period (Bal l  et  al . 

1 9 78 ; see al so Sections I I , Tabl e I & IV,  Fig . 1 2 ) .  

Both these s easonal weather charac teri s tics would be 

expected to enhance mineral is ation of soil nitrogen in 

fertile soi l s  ( B irch 1 9 58 , 1960 ; Harms en & Kol enbrander 

1 9 65 ) , at the s ame time as clover dominance normally 

occurs in ryegrass-white clover p a s tures . Such a 
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seasonal pattern of mineral nitrogen accumulation was 

confirmed in measurements below grazed pastures in the 

final year of this s tudy ( Section IV,  Fig . 1 2 ) .  

Differences obs erved in f ixation efficiency between 

seasonal production periods ( Section IV, Table 2 0 ) 

indi cate a dis tinct seasonal con trast in soil ni trogen 

avai lability to white clover , as di scus s ed previously 

( S ec tion IV, C ,  3 } . The average values recorded over 

winter-spring ( 7 5 kg N/t clover DM } and summer-autumn 

( 2 5 ) were respectivel y  higher and lower than the average 

for the year ( 44 kg N/t clover DM ) . The influence of 

ferti l i ser ni trogen on fixation efficiency was 

superimposed on thi s s easonal pattern . No effect was 

apparent in the grazed swards under winter- spring 

conditions , presumably because concomitant grass growth 

provided s trong competition for available soil ni trogen 

irrespective of fertiliser ni trogen practice . On the 

other hand , fertil iser ni trogen treatments cl early 

reduced fixation effic iency during the summer-autumn and 

autumn-winter periods , when grass as sociates were 

relatively inac tive . 

Prior to the advent of the isotopic dilution 

method , estimates of fixation e fficiency from nitrogen 

balance s tudi es provided an al ternative indic ation of 

the extent to which soil-derived nitrogen had met the 

requirements for legume growth . A considerable body of 

information has buil t  up concerning fixation efficiency 

for white clover and , as its interpretation refl ects 

quite strongly on current unders tanding of nitrogen 

rel ationships in grass-clover association s ,  that 

information will be considered here . 

The concept was perhaps first used with a 

lysimeter s tudy in Kentucky (Karraker et al . 1 9 50 ) .  

When compil ing a ni trogen bal ance for the soil-pl ant 

s ys tem, thes e  workers found tha t  l egumes wer e  nearly 

twice as ' efficient ' in f ixing nitrogen when grown with 

a companion grass , as when grown alone . Average 

f ixation efficiency for white clover grown alone was 

5 9  kg N/t clover DM harvested , but fixation efficiency 
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rose to 1 0 5  when grown in association with bluegrass 

( P . pratens i s  L . ) .  Those f igures were derived following 

a 10-year s tudy, us ing a mas s  balance for ni trogen 

incorporating nitrogen in harvested herbage , changes in 

soil total ni trogen and nitrogen outgoings in l eachate 

( very small ) .  The concept was first used in New 

Zeal and by Sears and coworkers ( Sears et al . 1 9 6 5a ) . 

Again , bas ed on a mas s  balance for ni trogen in the soil­

pl ant compl ex (but excluding any outgoings in l eachate ) ,  

they calcul ated fixation efficiency for whi te clover 

grown alone in a continually cut sward as 70 kg N/t DM, 

r i s ing to 98 when grown wi th companion grasses . 

S imul ated return of animal excreta to mixed swards reduced 

fixation e ffic iency from 98 to an average value of 67 kg 

N/t DM over the final three years of that s tudy . I t  

was concluded that high fixation efficiency was 

maintained where the supply of available soil nitrogen 

was low, and that lower values probably refl ected an 

uptake of soil ni trogen by white clover during periods 

of rapid mineral is ation ( loc . c i t . ) .  

I t  i s  salutary to r eflect on fixation effici ency 

values near lOO , reported for white clover from two 

independent ,  reliabl e s tudi es  (Karraker et al . 1 9 50 : 

Sears et al . 1965a ) .  Firs t ,  the figure mus t  be 

cons idered minimal . While the writer would not consider 

that any substanti al , unidentified nitrogen losses would 

occur from a continuall y  cut grass-clover as soci ation , 

to the extent that any did , the value would increase . 

Second , thi s  value shows that a great deal of  the 

ni trogen input by whi te clover takes pl ace beyond the 

s cope of c onventional yield measurements . I f  the 

average ni trogen content of white clover herbage is s ay 

4 . 2% N ( Section I I I , Table 8 ) ,  then a fixation 

efficiency value of lOO indicates that for every tonne 

of clover herbage cut and removed ( containing 42 kg N )  

the soil-associated grasses gained at l east 5 8  kg N.  

If  a top : root ratio of 2 is  assumed for the partitioning 

of nitrogen during growth of white clover ( Walker et al . 

1 9 54 ,  1 9 56 ) , then i t  c an be es timated that s ome 4�� of 
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the ni trogen trans ferred to soil-as sociated gras s e s  was 

by way of root and nodule tissue turnover ( Butler & 

Bathurs t  1 9 5 6 � Chu & Robertson 1 9 74 ) while the 

remaining 6�/o of the transfer mus t  have been 

through s enescence and dec ay of top growth . 

Henzell ( 1 9 70 ) and Vallis ( 1 9 7 8 ) have ci ted 

effected 

Both 

leaf- fall 

as a signifi cant avenue for input of legume ni trogen to 

soils . I t  is well documented that white clover herbage 

senesces and decays during regrowth ( B rougham 1958 , 

1966 � Hunt 1970 , 1971 ; Korte & Sheath 19 78 ) .  To the 

extent tha t  all pl ant parts of whi te clover can be 

viewed a s  1 annual 1 (Hollowell 1 9 6 6 ) , senescence and 

decay of  s tolon tis sues i s  also l ikely to contribute . 

A value near lOO is  accepted by the writer as an 

upper l imit to fixation efficiency for white clover of 

the ' G .  Hui a 1 type in fi eld s tudi es involving conventional 

measurement techniques .  Unl e s s  it can be argued that a 

change in cul tural condi tions dras tically alters the 

proportion of clover biomas s  harves ted and/or the 

parti tioning of nit rogen between top and root growth , 

then any r eduction in thi s  value recorded during 

measurements under otherwi se comparabl e condi tions 

should refl ect the extent to which soil nitrogen i s  

substi tuting for fixation . On that basis , the 

fixation efficiency value of 59 recorded in pure clover 

swards by Karraker et al . ( 1 950 ) may be taken to 

indicate that white clover was obtaining some 40% of 

its ni trogen from the soil . S imil arly,  the average 

value of 6 7  for swards receiving simul ated animal 

return ( Sears et al . 19 6 5 a )  would indicate that some 

30% of clover ni trogen was aris ing from the soil . 

Con s iderably more research is  required to establ i sh 

the 1 port ability ' of fixation e fficiency values among 

grass-clover sys tems . To date , thi s  parameter appears 

to be a useful agronomic guide to the degree of 

substitu tion for f ixation by soil nitrogen in fi el d  

s tudies . Appl ication of the concep t  to N2 ( c2H2 ) 

fixation values and clover yields measured in grazed 

pastures has given annual fixation efficiency values 
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which correlate with edaphic factors between s ites ( soil 

�lo and C/N ratio � Hoglund et  al . 1979 ) ,  ni trogen 

fertil iser inputs ( Section IV, Table 2 0 ) ,  and seasonal 

values considered l ikely to refl ect changing patterns 

in soil nitrogen avail abil ity to whi te clover ( Section 

IV,  Table 20 � Hoglund et al . 1 9 7 9 ) . As a rough 

approximation , annual values near 60 observed in 

ryegrass-white clover pastures not receiving nitrogen , 

in both this study ( Se c tion IV,  Table 2 0 ) and as an 

average from other sites (Hoglund et al . 19 79 ) , might be 

taken to indicate that whi te clover was acquiring some 

4�/o of i t s  ni trogen from the soil , but could al so reflect 

more compl ete measurement of clover growth than in 

previous s tudies . Dur ing th is  s tudy values near 2 5  

arose as both a seasonal average for all treatments over 

summer-autumn , and as a treatment average for the year 

in pasture receiving the heavier input of fertiliser 

ni trogen.  Such l ow f ixation efficiency values are 

taken to indicate that factors increasing soil nitrogen 

availabil i ty to whi te clover , both seasonal and cul tural , 

may resul t in considerably more than 5�/o substitution 

for fixation by soil-derived nitrogen . 

Es timates for fixation efficiency in cut swards 

from thi s  study can onl y  be derived from minimal 

estimates for symbiot i c  fixation , obtained by difference 

in ni trogen balances ( S ection IV , Tabl e 2 1 ) , and th e  

corresponding annual averages for clover dry herbage 

yiel d .  In grass-clover s ystems receiving 0 and 1 1 2  kg 

N/ha/an , for which the wri ter considers fixation 

estimates to be fairly complete ( Section IV , c ,  4 & D ,  4 ) ,  

respective estimates for annual fixation efficiency were 

6 5  and 5 7 . These are littl e  l arger than comparable 

values obtained under g�azing ( Section IV,  Table 2 0 ) ,  

and substantially below the upper value of 100 obtained 

in previous s tudi es involving cutting and removal of 

herbage . The value for control is  again taken to 

indicate significant subs ti tution of soil-derived 

nitrogen for nitrogen f ixation during white clover 

growth , with fertil iser nitrogen increasing the extent 
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of subs ti tution . That clover in the cut swards was 

assimil ating soil ni trogen was indicated by herbage 

ni trate l evel s .  After almos t  two years of continual 

cutting , clover herbage nitrate exceeded 450 ppm N over 

summer- autumn , even in the absence of fertil i s er 

nitrogen inputs . Fertil iser nitrogen greatly increased 

herbage ni trate content ( Sec tion I I I , Tabl e 9 ) . 

Hoglund & Brock ( 19 7 8 ) found that the nitrate l evel in 

clover herbage substantially reflected the nitrate l evel 

in topsoil ,  and impl icated these parameters with oth ers 

in determining daily N2 ( c2H2 ) fixation rate by field­

grown whi te clover . 

The above indications for soil ni trogen uptake by 

whi te clover , perhaps approaching 4�� in a developed 

gras s-clover pasture receiving no fertil iser nitrogen , 

are high compared wi th annual estimates of 7 to l �� in 

four Canterbury pas tures , obtained using the isotope 

dilution technique ( Edmeade s & Goh 1 9 78 ) .  However , it  

remains to  be proven that l abel l i ng the surface layer 

of soil with a ni trate salt , the basi s to that technique , 

adequately reveal s the proportion of soil-derived 

ni trogen in clover herbage . As used , the technique 

as sumes that whi te clover and as soci ated gras ses 

assimil ate mineral ni trogen in the same proportions 

from all depths in a soil , and that no discrimina tion 

or preference wi th respect to nitrate i s  shown by one 

or other of the ma j or sward components . 

Overemphasis of this  parameter , or attempts to 

exaggerate its accuracy,  may be criticised on several 

grounds . As a ratio , fixation efficiency values are 

l ikely to exhibit greater error vari ance than that 

exhibited by either of the measu remen ts from which they 

are derived . A considerably higher coefficie nt of 

variation was reported for N2 ( c 2H2 ) fixation rate than 

clover yield , followi ng measurements in a grazed , grass­

clover pasture at Palmerston Nor th ( Hoglund & Bro ck 

1 9 78 ) . Values could be affected to th e extent th at 

cultural or  treatment differenc e s  may influence the 

partitioning of clover biomas s  above and below 
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measurement heigh t .  For ins tance ,  differences between 

s tudies in white clover type ( Brougham et al . 19 78 � 

Williams & Cornege 19 7 9 ) ,  cutting height or defol iation 

frequency might all influence the proportion of tot al 

clover biomass which i s  measured . Finally,  the wri ter 

has some reservation over the appl icati on of thi s  

parameter to seasonal comparisons . Seasonal changes 

in the proportion of photosynthate and ni trogen 

apportioned to root and s tolon ti s sue formation in 

whi te cl over could exert a seasonal influence on val ues , 

qui te independently of  seasonal changes in nitrogen 

fixation-uptake rel ationships . C ru sh ( 1 9 79 ) repor ted 

that the prostrate growth form of whi te cl over growing 

under drought conditions in C anterbury resul ted in 

underestimation of dry herbage yield .  

I t  i s  concluded that very large es timates for 

symbiotic fixation in pas t New Zeal and res earch 

reflected experimental condit ions which gave rise to 

both very clovery swards and subs tantial accumul ation 

of soil nitrogen . As such , those val ue s  are best 

viewed as a potenti al for symbiotic fixati on by clovers 

in mixed swards . Measurements of N2 ( c 2H2 ) fixation in 

reasonably well developed pastures , where cl over yields 

have been lower and soil nitrogen has fai led to 

accumul ate , have provided values which are only about 

hal f those previously reported . There i s  co nvincing 

evidence for subs titution of so il ni trogen for fixation , 

in meeting the nitrogen requirements for growth of whi te 

clover in developed pastu res . Seasonal infl uences on 

gr ass/clover balan ce and mineral nitrogen avail abil i ty 

to whi te clover are viewed as the ma j or c ause . Fertiliser 

ni trogen reduces clover fixation through the combined 

influences of reducing clover yi eld and increasing the 

proportion of clover nitrogen derived from the so i l . 

This  pattern of rel ationships may be subs tantially 

al tered in developed pas tures where the grass associ ates 

i nclude a summer-acti ve sp ecies , or where environmental 

conditions are conducive to vigorous grass growth over 

the summer-early autumn period . 
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5 Nitrogen Trans fer from Clover to Grasses 

The contribution of clovers to crude protein yield 

from mixed swards is clearly es tabli shed . In this 

s tudy ( Section I I I , Table 10 ) ,  and many others ( Melville 

& Sears 195 3 � S ears et al . 1953 , 1 9 6 5 a � Harris & 

Thomas 1 9 7 3 ) herbage nitrogen yiel d from grass-cl over 

mixtures has been substant ially greater than that from 

a cloverl ess sward receiving no fertil i s er nitrogen . 

There i s , however ,  considerable room for con j ectu re over 

the mode and effecti veness of the trans fer of nitrogen 

fixed by clovers to associated grasses . 

On the bas i s  of obs erved and estimated rel ationships 

between the herbage nitrogen yield s of clover and 

as soci ated gras s e s  in mixed swards , measured under a 

variety of conditions , Walker and associ ates (Walker et  

al . 1 9 54 ) used mul t iple regress ions to derive a 

rel ationship describing the combi ned contributions of 

soil ni trogen , clover fixation and fertiliser nitrogen 

to the herbage ni trogen yield from grasses in mixed 

swards . I t  was concluded that , in the absence of 

fertil i ser ni trogen , each kg of ni trogen harves ted in 

clover herbage was associ ated wi th an ' underground 

transfer ' of one kg of nitrogen to associ ated grasses , 

two-thirds of which was measured in grass herbage and 

the remainder retai ned in grass roots ( loc .  cit . ) .  

Attention has already been drawn to the very long 

regrowth interval s  under ideal growing condi tions duri ng 

their s tudy ( up to 70 and 100 days � Walker et  al . 

1953 ) ,  the data from which bes t  fitted thei r derived 

model . I t  i s  probable that a great deal of nitrogen 

turnover through death and decompos i t i on of herbage , 

especially clover ( Brougham 1958 , 1 9 6 6 � Hunt 19 70 , 1 9 7 1 ) ,  

occurred outs ide the compass of those yield measu rements . 

In reinterpreting those resul ts , o • connor ( 1961 ) 

obtained a better fit wi th a mul tiple regres sion 

excluding clover herbage ni trogen as a variable , but 

repl acing it wi th defol iation frequency.  He concluded 

that over the short term , clover may s o  little affect 

the rel ationship between grass and fertiliser nitrog en ,  

that grass nitrogen yield from a mixed sward may 
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simul ate that from a non-leguminous sward ( loc . ci t . ) .  

The general relationship described (Walker et al . 195 4 } 

has been cri ticised on the grounds that i t  incorpor ates 

inter-dependent variables ( S tewart & Che s tnutt 19 74 ) and 

its appl ication i s  not considered to be as general as was 

sugges ted by the authors ( Val l i s  1978 ) . Followi ng an 

extens ive s tudy of ni trogen rel ationships in cut mixed 

swards , S tewart & Ches tnutt ( 1 9 74 )  concluded that the 

previous year ' s  clover nitrogen yield was better 

related to any increase in gra s s  nitrogen yield than 

was the current year ' s  clover yield . In a recent 

national s tudy into nitrogen rel ationships in grass­

clover pastures receiving no fertil iser nitrogen 

( Hoglund et al . 1 9 79 ) , no simpl e  relationship was 

observed between annual values for clover yield or 

N2 ( c2H2 } fixation and either grass dry herbage or 

herbage nitrogen yiel ds . In the present s tud y ,  removal 

of clovers from a mixed sward did not influence yearly 

gras s ni trogen yield unti l the third year ( Section I I I , 

Tabl e 10 ) .  Obvious ly,  the mode of transfer for 

ni trogen from clover s to grass e s  is not s traightforward . 

I t  i s  generally accepted that in grazed pas tures , 

ingestion of clover nitrogen and subsequent excretion 

of ni trogen in urine and dung i s  the principal pathway 

for nitrogen trans fer ( Sears 1 95 3c , 1960 ; Walker 1 9 5 6a ;  

O ' Connor 1 9 6 6 ; Levy 1 9 70 ; Whitehead 19 70 ) . The 

writer ques tions that viewpoint on dual grounds . Fir s t ,  

the aggregation o f  dietary n i trogen into discrete ur ine 

and dung patches by ruminant animal s i s  so pronounced 

that onl y  a minor proportion o f  a grazed area i s  

benefi ting a t  any point in time . Second , i n  developed 

gras s-clover pastures by far the ma jor part of dietary 

ni trogen is aggregated into uri ne patches , which provide 

only a short-l ived ni trogen benefit . Accordingly ,  it  

would seem that the influence of urine and dung i s  not 

significantly l inked to nitrogen rel ationships in a 

grazed area considered as a whole . 

Urine and dung patches oc c upy a rel atively small 

area compared wi th that from which forage was obtained . 
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Various estimates have been made of the parameters 

assoc iated with aggregation of dietary nitrogen by 

grazing animal s ,  both the proportion of area influenced 

by urine and dung duri ng a year ' s  grazing , and the 

related s i z e  of the nitrogen pools in excretal patches . 

However , the numbers reported mus t  be vi ewed as very 

situation-specifi c , being sub j ect to numerous cul tural , 

seasonal and s i te influences . Reported pool s i z es for 

ni trogen aggregated into individual excretal patches 

range from several hundred to about one thous and kg N/ha 

for both urine ( Thompson & Coup 19 43 ; Doak 1 95 2 ; 

Petersen e t  al . 1 9 5 6 ; Jackman 196 0 a ;  Whi tehead 1 9 70 ; 

Barlow 1 9 74 ; O ' Connor 1 9 74 ) and dung ( Petersen et  al . 

1956 ; MacDiarmid & Watkin 1 9 7 2 a ;  During & Weeda 19 7 3 ; 

Weeda 1 9 7 7 ;  O ' Connor 19 74 ) . Under fie ld conditi ons , 

the extent of l ateral dispersi on of voided urine will 

reflect such prac tical variables as soil textur e ,  

moi s ture s tatus and plant cover ( Doak 1 9 52 ; Lotero et  

al . 1 9 66 ) , ground surface slop e  (Duri ng & McNaught 1 9 6 1 ) 

and even such esoteric considerations as wi nd vel oci ty 

at the time of urination ( loc .  ci t . ) .  Because of the 

lateral spread of plant roots and di ffus ion of nit rogen 

in soil , there i s  a zone of influence around the 

periphery of excretal patches . The nutri tion of 

ad j acent pasture benefi ts for some dis tanc e outs ide 

both urine (Doak 1952 ; Dal e 1 961 ; Lotero et al . 1 96 6 ) 

and dung patches ( MacDiarmid & Watkin 1971 ; During & 

Weeda 1 9 7 3 ) ,  effectively diminishing the size of an 

excretal nitrogen pool while extending its area . As 

both urine and dung are deposi ted in much smal ler 

patches by sheep than c attle (Jackman 1960a ; Whitehead 

1 9 70 ) thi s  peripheral effect i s  proportionatel y more 

importan t  in pas tures grazed by sheep , and should l ead 

to better apparent recovery of excretal nitrogen in 

such pas tures . 

At any point in time , the proportion of  pas ture 

area benefiting from nitrogen returned in urine and dung 

will depend not only on the proportion of total area 

covered by excreta , including any extension to that area 
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by peripheral effec ts , but al so on the duration of the 

nitrogen effect ( Richards & Wol ton 1 9 7 6 ) . Us ing 

avail able dat a ,  Jackman ( 1960 a )  c alcul ated the 

proportion of pas ture area likely to be influenced by 

urine , assuming compl etely random behaviour during 

graz ing by c attle and sheep continuously at pastur e .  

From those resul ts i t  may be estimated that over a year , 

wi th comparable stocking rates of 1 5  adul t sheep or 2 . 5  

cows/ha , some 2 4  and 1 �/o of  total area respectively 

would be covered by one or more urinations . Accepting 

that the duration of any nitrogen benefit in urine 

patches does not extend beyond a few months ( Sears 195 1 ; 

During & McNaught 196 1 ; Richards & Wol ton 19 7 6 ; B all 

et al . 19 7 9b ,  and unpubl i shed data ) , then Jackman • s  

data indicate that only a very smal l proportion of 

total area would be benefi ting from urine at any point 

in time . Us ing a respons e period of three months , 

MacDiarmid & Watkin ( 19 72b ) estimated that only about 

5% of  total area would be benefiting from dung duri ng 

any individual regrowth period in an intensively 

uti l i s ed Manawatu dairyfarm pastu re . Assuming average 

thre e-month and two-year response periods for urine and 

dung respectively, Richards & Wol ton ( 19 7 6 ) calcul ated 

for a sward grazed by cattle , that at any point in time 

some 2 3% of total area may be exhibit ing a nitrogen 

response to urine , and 1 7% to dung . 

Considered collectively , the above informati on , 

which makes no allowance for transfer of nitrogen to 

unproductive areas ( Goodall 1 9 5 1 ; During 1 9 7 2 ) ,  

supports a general conclusion that nitrogen • recycl ing ' 

in the excreta of grazing animal s does not affect 

ni trogen rel ationships in the ma j or par t  of a grazed 

are a , at any point in t ime . Some trans fer of nitrogen 

from clovers to associ ated grasses does occur thi s  way , 

but the res tricted proportion of total area influenced 

by urine and dung and the limited duration of the 

ni trogen benefit in urine patches both argue that thi s  

pathway is  not a s  important a s  has been sugges ted . I n  

effect ,  a developed pastoral ecosys tem encompas ses a 
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mos aic of nitrogen rel ationships . The l arger part of 

total area is unaffected by excreta dur ing any regrowth 

period , and may remain so throughout a year . A l imited 

proportion of  total area is  exposed to relatively 

mas sive input s  of ni trogen in disc rete patches ,  of whi ch 

only dung provides any durable ni trogen benefi t .  As 

di scussed l ater in thi s  section ( A ,  6 & 7 ) ,  attendant 

ni trogen losses from urine patches cau s e  the grazing 

process in toto to be nitrogen-l osing in a developed 

pas toral ecosys tem . 

An early theory based on dire c t  transfer of 

nitrogen as clover nodule exudates which were 

subsequently assimil ated by grass associ ates ( ' underground 

trans ferenc e • ,  Walker 1 9 5 6a ) has been considered in 

detail el s ewhere (Walker et al . 1 9 54 �  Butler & 

Bathurst 1 9 5 6 � Butler 1 9 57 � Butl er et  al . 1959 � 

Vall i s  1 9 7 8 ) .  The original s tudi es forming the bas i s  

t o  this theory were conduc ted i n  a n  envi ronment prov id i ng 

s easonall y  l ong , cool days wi th low ligh t intens ity.  

S ignificant nitrogen exudation from nodules appears to 

be confined to such c l imatic situations (Vallis  19 78 ) . 

Research with white clover at Palmers ton North ( Bu tl e r  

& Bathurs t  19 5 6 � Butler 19 5 7 ) led those wo rkers to 

conclude that the required environmental conditions 

were so exacti ng as to make unl ikel y  any significant 

transfer of ni trogen in thi s manner .  A considerable 

amount of field evidence counter- i ndi cates any 

s ignific ant direct ni trogen transfer from clover to 

grasses . Thi s  includes resul ts f rom s everal s tudies 

in which grasses have failed to r e spond , in t erms of 

either dry herbage or herbage ni trogen yiel d ,  when 

associated wi th clovers in mixed swards ( in C anterbury 

onl y ,  Sears et  al . 1 9 5 3 � S impson 1 96 5 ,  197 6 �  S incl ai r  

e t  al . 1 9 7 7 � see al so Section I I I , D ,  1 ,  c ) � the 

progressive rather than immedi ate nature of any benefit 

to  gras s performance , attributable to the presence of 

clovers in a mixed sward (Melville & Sears 1 95 3 �  C owl ing 

et al . 1 9 64 � Bakhui s  & Kleter 1 9 6 5 �  S impson 19 6 5 , 

1 9 7 6 � s ee also Section I I I , D ,  1 ,  c ) , and the recen t  
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report tha t  any benefit to gras s ni trogen yield related 

better to the previous than the current year ' s  clover 

nitrogen yield ( Stewart & Ches tnutt 1 9 74 ) . Viewed 

coll ectively ,  thi s indirect field evidence indicates 

ni trogen trans fer mainly after mineral isation of clover 

res idues , which have entered the soil organic matter 

pool . 

The writer concludes that in a developed pas toral 

ecosystem , the ma jor transfer of nitrogen from clovers 

to associated gras ses is  effected through an ill­

defined proces s involving provi sion of organic res idues 

by clovers to soil organic matter , and thei r subsequen t  

mineral i s ation . The res tric ted proportion o f  total 

area influenced by ur ine and dung , and the short-lived 

ni trogen benefit in uri ne patches , together seriously 

l imi t the effectivenes s  of trans fer in the excreta of 

grazing animal s .  

6 Nutrient 1 Recycl ing 1  by Grazing Animal s 

For nutrient elements that are reasonably immobil e 

in soil , and which impart a benefit of considerable 

duration to pl ants in the vicinity of dung and/or urine 

patches ( e . g .  potass ium and phosphorus ) ,  ' recycl ing ' in  

animal excreta is relatively efficient ( Richards & 
Wol ton 1 9 7 6 ) . While non-random behaviour by grazing 

animal s may resul t in s ubs tantial nutrient transfer 

within a grazed ecosystem ( Suckl ing 1 95 9 ,  19 7 5 � Hilder 

1 9 6 6 � Gill ingham & Duri ng 1 9 7 3 ) ,  retention with in th e  

soil-plant complex is  relatively good . Only trans fer 

of  excreta to non-produc tive si tes ( Goodall 19 5 1 � 

During 1 9 7 2 ) represents a complete loss of nutrients 

from the soil-pl ant complex . These features l argely 

apply to nitrogen excreted in dung , which may con stitute 

s ome 2 0  to 2 5% of the nitrogen inges ted by she ep and 

cattle grazing produc tive grass-clover swards ( Henzell 

& Ross 1 9 7 3 ) . The posi tive influence of c attle dung on 

surrounding pasture has been reported to last  at leas t 

thr ee months (MacDiarmid & Watkin 1 9 71 ) , with a nitrogen 

response observable even in the s econd year after dung 
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deposition ( Weeda 19 7 7 ) . 

The fate of ni trogen voided in urine is  

quantitatively much more importan t  to the nitrogen 

economy of grazed pastures than is that of dung . Some 

65 to 75% of ingested nitrogen is excreted as urine , by 

sheep and cattle grazing pas ture containing 3 . 5% N 

( Henz ell & Ros s  19 73 ) . In contrast to dung , ur inary 

nitrogen is  sub j ect to rapid biolog ical tran s formations 

which render it highly mobile in the soil-plant complex . 

Any ni trogen benefit to the local i s ed areas of improved 

pasture influenced by ur ine patche s  is relatively short­

l ived . The initial effect may be negative , where 

1 scorch ' occurs under dry condi tions , with l ittl e  

influence o n  soil ni trogen avai l ability observable two 

to three months after deposition ( S ears 1951 � Doak 

1 9 5 2 � During & McNaught 1961 � Richards 19 7 7 �  Bal l  e t  

al . 1 9 7 9b ,  and unpubl ished data ) .  

The wri ter has recen tly been engaged in associ ated 

s tudies into the nitrogen balance in urine- affected 

areas of pas ture , in this  loc al i ty ( Ball et al . 1 9 79b , 

and unpubl i shed data ) . Urine was appl ied to a mixed 

sward at l ikely in vivo rates ( 30 0  and 600 kg N/ha , 

repre senting sheep and c attl e urine patches , 

respectively )  under seasonally rep resen tative climatic 

conditions . The fate of urinary nitrogen was then 

followed by appl ication of a mas s  bal ance for nitrogen 

in urine- affected and control pas tu re .  In ' sheep ' 

( N300 ) urine patches , los s of urinary nitrogen by 

ammonia vol atilisation was 1 5 , 80 and 5% under warm­

mois t ,  warm-dry and cool -moi s t  condi tions respectivel y .  

Corresponding figures for apparent nitrogen recovery i n  

herbage were 3 7 ,  1 5  and 5 5% .  A s  no increase i n  soil 

total nitrogen could be detected below urine-affec ted 

areas of pasture , it was concluded that the remainder 

of the urinary ni trogen was los t by some undefined 

combination of leaching and denitrification . Evidence 

for nitrate leaching below ur ine patches was obtained 

( loc .  cit . ) .  Application of the average es timate for 

l os ses of urinary nitrogen from that set  of experiment s , 

to data obtained during the present s tudy ,  c an l argely 
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explain the substantial but unaccounted- for nitrogen 

outgoings from the grazed gras s-clover sys tems 

( S ec tion I V ,  C ,  4 ) . 

Herbage measurement s  in this s tudy ( Sec ti on I I I , 

Table 10 ) indicate tha t sheep inges ted 6 50 kg N/ha on 

average each year . Usi ng an average nitrogen conten t  

of  3 . 5% for the mixed herbage ( Sec tion I I I , Table 8 ) , 

then employing data summari s ed by Henzell & Ros s ( 19 7 3 ) ,  

the ni trogen inges ted by sheep can be parti tioned as 

follows ( kg N/ha/an & % )  : ' 

Intake = 

650 ( 100 ) 
Growth 
3 5  ( 5 )  

+ Urine + 
46 5 ( 71 )  

Dung 
1 50 ( 2 3) 

I f  i t  were assumed that average recovery of urinary 

ni trogen in herbage was one- third throughout the year , 

then losses by a combina tion of ammonia vol ati l i s ati on , 

l eaching and deni tri fication in urine patches would 

total over 300 kg N/ha e ach year . Losses of th at 

magnitude would account for some 80% of the es timates 

for unidentified nitrogen outgoings from the grazed 

swards of control and treatment Nll2  ( Section IV,  

Tabl e 2 1 } .  

The above estima te for combined los ses of urinary 

nitrogen (£ 300 kg N/ha/an ) is based on the average for 

grazed treatments . Obs erved differences among nitrogen 

treatments in es timates for unidentified nitrog en 

outgoings are in sympathy wi th likel y treatment effects 

on urinary nitrogen formation within the grazed systems . 

Treatment N448 increased annual dry herbage yield by 

almost 2 5% on average ( Section I I , Table 3a ) and annual 

c rude protein yield by 3 3% on average ( Section I I I , 

Tabl e 10 & Fig . 6 ) , relative to control . At the 

prevailing total nitrogen l evel s in mixed herbage 

( S ec tion I I I , Table 8 )  any increase in dietary crude 

protein content would resul t in greater produc tion of  

urinary nitrogen , but l i ttle i f  any change in the 

quantity of ni trogen retained for growth and excreted 

i n  dung , per unit of nitrogen ingested ( Henzell & Ros s  

1 9 7 3 ) .  Rel ative to contro l , both the l arger dry 

herbage yields and their higher nitrogen content would 
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argue for much greater formation of urinary nit rogen 

in treatment N448 . This treatment d i f ference should 

then have been reflected in l arger nitrogen losses from 

urine patches in treatment N448 . Such a dif ferenc e i s  

indicated i n  the contras ting es tima tes for unidentified 

outgoings from the grazed control and N448 systems ( 3 80 

and 5 60 kg N/ha/an respectively ; Section IV,  Table 2 1 ) .  

Conversely,  it c an be reasoned that the smaller herbage 

yields of lower ni trogen content measured from the 

cl overless sward would resul t in formation of much less 

urinary nitrogen in that treatme nt than in control . 

Accordingly ,  nitrogen los ses from uri ne patches would 

be of a much smal ler magni tude than those observed 

below control : a conclusion in sympathy wi th the 

estimate of 90 kg N/ha/an for unidenti fied outgoings 

from the cl overless sys tem ( Secti on IV, Table 2 1 ) .  

Exact concurrence between es timates for nit rogen 

losses from urine patches and es timates for al l 

unaccounted- for los ses from the soil-pl ant- animal 

compl ex would not be expec ted . Other avenues for 

nitrogen loss from grazed pas tures c an be envi s aged . 

MacDiarmid & Watkin ( 19 72 a )  measured smal l nitrogen 

losses by ammonia volati l i sation from c attl e dung in 

thi s  locality . If thei r result were appl ied to the 

foregoing es timate for formation of dung-ni trog en in 

the grazed treatments of thi s  experime nt ,  it would 

account for an average outgoing of l e s s  than 10 kg N/ha 

each year . Pos s ibl y of more importance is the 10 to 

2�� of total nitrogen generally ' unaccounted- for ' even 

in very detailed balance s tudi es ( Al l i son 19 5 5 ,  196 5 ,  

1966 ) ,  · and presumably lost from swards by 

denitrification ( Woldendorp et al . 19 6 6 ;  Whitehead 1 9 70 ) .  

Precis ion on th i s  avenue for losses i s  not possible 

with present knowledge , but they could wel l account for 

the shortfall between the above coarse estimates for 

outgoings from urine patch es and total unident if ied 

outgoings from the grazed pas ture s ys tems . Large 

quantities of nitrogen mus t  have been mineral i s ed each 

year to sus tain herbage producti on in the se grass-
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clover as sociation s . Vigorous nitrification is  

indicated by the high nitrate l evel s recorded in 

herbage from swards not receiving l ime- ammonium nitrate 

( Section I I I , Tabl e 9 ) .  A recent report to th e  effect 

that deni tri fic ati on is a normal side- is sue to aerobic 

nitrific ation ( Bremner & Bl ackmer 1 9 7 8 ) would indicate 

anothe r pos sibl e avenue for smal l losses . 

In broad per spective , thes e  resul ts and concep t s  

should be generally applicable t o  developed , wel l 

utilised pas tures . I t  may be argued that some si te-

specific characteris tic ( s ) ,  by c ausing a decl ine in soil  

total ni trogen pool s during the course of  thi s  s tudy , 

inflated the estimate for ni trogen l os ses from grazed 

pastures ( Sec tion IV, Table 2 1 ) . However , even i f  the 

small average decline observed (£ 60 kg N/ha yearly ) 

were replaced wi th an equivalen t gain , one would s till 

be contemplating unaccounted- for nitrogen outgoings 

totall ing several hundred kg N/ha yearly, from th e  

grazed grass-clover associ ations . As sociated s tudi es 

into the ni trogen balance of urine- affected areas of a 

developed pasture were conducted on an older alluvial 

soil ( Ball et al . 1 9 7 9b ) . Oth er th an previous 

cultivation , it had nothing of the unusu al cultural 

history described for soil at this experimental site 

( S ec tion IV,  B ,  1 ) ,  ye t apparen t recovery in pa s ture 

herbage of  urinary nitrogen appl ied at 600 kg N/ha 

averaged only 2 4% ( loc . ci t . ) .  Lower apparen t 

recovery of urinary nitrogen in pas ture herbage has 

been reported from a previous s tudy ( Duri ng & McNaugh t  

1961 ) .  Nitrogen losses from urine patches i n  

developed pastu res grazed b y  cattle are likely t o  be 

even more pronounced than thos e from sheep-grazed 

pastures , as cattle aggregate ur inary nitrog en much 

more effectively than do sheep ( Jackman 1 960 a �  

Whitehead 19 70 } . 

As suming more or less  random behaviour by anima l s  

grazing improved pas tures , i t  i s  concluded that nutrient 

• recycling • may be quite efficient for elemen ts which 

are relatively immobile in soil s  ( potass ium , phosphorus , 



- 1 88 -

magnes ium and calcium ) . Much the same applies  to 

nitrogen in dung , which is void ed in intimate 

as soc iation with carbon , in forms requiring microbi al 

decompos i t ion prior to formation of mineral nitrogen 

(Whi tehead 1 9 70 � Henzell & Ros s  19 7 3 ) .  On the other 

hand , a much greater propor tion of dietary ni trogen is  

separated from carbon duri ng ruminant diges tion , and 

aggregated into urine pat ches . Subs equent biological 

trans formations render urinary ni trogen highly mobile , 

and subs tantial losses from the soil-plant complex 

occur . Thi s  avenue for los ses may account for ni trogen 

outgoings of several hundred kg N/ha each year from 

developed , well utili sed gras s- clover ecosys tem s . The 

extent of l osses should increase  as pastures are more 

intens ively util ised ,  but i s  l ikely to be reduced by 

resident organic matter wi th a wide C/N ratio . 

7 An Al ternative Hypothes i s  for the Role of Graz ing 

Animal s 

The wri ter contends that the presence of graz ing 

animal s i s  the c ause of substantial but hitherto 

largely unrecognised nitrogen outgoings from highly 

productive , well managed pastoral ecosys tems . This 

contention is bas ed on the fol l owing evidence gained 

from thi s  and as sociated s tud ie s : 

( i )  The infl uence of graz ing as opposed to meadow 

management on herbage nitrogen yields was minor 

( discus s ed in Section I I I , D ,  1 ,  a } . Both grazed and 

cut sys tems displayed a more or less linear respons e ,  

i n  terms o f  total herbage nitrogen yield , to fertil i s er 

nitrogen . Yet apparent recovery in herbage of ni trogen 

• recycl ed ' by sheep was less  than 2 0%.  By c ontras t ,  

apparent recovery o f  ferti l i s er ni trogen by mixed swards 

was about 45% .  That figu re would be higher i f  i t  were 

poss ibl e to correct for the substitu tion of soil-derived 

ni trogen for symbiotic fixation , which occurred in the 

ni trogen-treated swards ( Section IV,  Tables 2 0  & 2 1 } .  

( i i ) The influence of graz ing as opposed to meadow 

management on changes in soil total ni trogen was 
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relatively minor ( Section IV, Table 19 ) .  In thi s  and 

several other s tudies cited ( S ec tion IV,  D ,  2 ) ,  the 

difference between grazing and cutting in rates of 

change of soil total nitrogen below grass-clover 

associations has been less than wha t  the wri ter would 

estimate was excreted as dung-nitrogen by the grazing 

animals . 

( iii ) The absence of any influence of fertiliser 

ni trogen on rate of change in soil total nitrogen , 

noted in thi s  ( S ection IV, Table 19 ) and several other 

s tudies ci ted ( Section IV, D, 3 ) ,  is taken to ind ic ate 

that factors influencing soil c arbon accumula tion are 

more important to organic nitrogen accumulation in 

fertile soi l s  than is the size of nitrogen inputs to 

the soil-pl ant s ystem . 

( iv )  The influence of graz ing as opposed to 

meadow management on fixation effic iency by whi te 

cl over was relatively small . On the other hand , the 

influence of fertil iser ni trogen was marked . The 

contrast ( discus sed in Sec tion IV, D ,  4 )  indicates 

that grazing did not greatly increase soil nitrogen 

availability to white cl over . 

( v )  Mas s balances for ni trogen indic ated annual 

outgoings of s everal hundred kg N/ha from grazed , grass­

clover as soc iations ( Section IV, Table 2 1 ) .  

While s ti l l  somewhat specul ative, the wri ter put s  

forward the foll owing hypothes i s : that grazing 

ruminants c ause very l arge nitrogen losses from 

developed grass-clover ecosys tems . Under such 

condi tions , the grazing animal inges ts relatively 

proteinaceous forage . In the process of diges tion , 

the bulk of ingested nitrogen is  s eparated from the 

c arbon with which i t  was associ ated in herbage , and i s  

excreted in urine . Even assuming completely random 

behaviour by animal s at pas ture , the proportion of area 

influenced by urine is  very smal l in rel ation to the 

total area from which forage ni trogen was gathered . 

Biological l y  ' labil e '  nitrogen i s  aggregated at several 

hundred kg N/ha in urine patches . Such rates of 
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appl ic ation are far too high to all ow effective recovery 

by pl ants . The mull organic matter in devel oped 

pas toral soi l s  provides insuf ficient carbon subs trate 

for microbi al immobilis ation , so subs tantial losses of 

nitrogen from the soil-plant compl ex occur in uri ne 

patches . The ma jor avenue of los s is influenced by 

prevail ing climatic condi tions ; ammonia volati l i s ation 

predominates under warm , dry condit ions , while an 

undefined combination of deni trific ation and/or l eaching 

predominates under mois t  conditions . The nitrogen in 

dung , whi ch i s  quantitative l y  much less importan t  to the 

ni trogen bal ance of a grazed ecosys tem , is  excr eted in 

assoc i ation wi th partially d ecomposed carbon . 

Accordingly , retention of dung ni trogen in the soil­

pl ant compl ex is  likely to be much better th an is tha t  

of urinary nitrogen . 

8 Fer til iser Nitrogen 

Lit tle incisive research has been carried out in 

New Zeal and into ni trogen relationships in mixed swards 

receiving fertil iser ni trogen.  On the basi s of 

experi ence gained during the cour s e  of this s tudy ,  the 

wri ter f inds l i ttle reason to view them as anything 

other than an extens ion to the changing pattern of 

nitrogen relationships obs erved during conventional 

pasture developmen t .  

Pas ture devel opment under lowl and condit ions has 

been described by Sear s ( 19 60 ) and Walker ( 1960 , 1968 ) ,  

and principles were considered bri efly in the 

introduction to this  report ( Sec tion I ,  2 ) .  A changing 

pattern of soil nitrogen avail abil i ty occupies the 

focal posi tion in such devel opment s equences , as all 

l imi ting nutri ents other than nitrogen are appl ied in 

ferti l i s er form, often at very heavy rates . 

Progressive improvement in soil nitrogen avail ability 

is  responsible for observed changes in botanic al 

composi tion , especially an increasing grass/clover ratio , 

and for the higher level s o f  produc tion eventually 

sustained from developed swards dominated by ryegras s 
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( Sears 1 960 , 1 96 2 ; Donald 1963 ; Levy 1 9 70 ) . Wolfe 

( 1 9 7 2 ) found tha t  the tran s i tion period between clover 

dominance and grass- clover balance could be 

subs tantially shortened by judicious u s e  of fertil iser 

ni trogen in a development programme . Nitrogen input 

by symbiotic fixation decl ines as devel opment proceeds 

( Ball 1 9 69 ) .  

I n  broad persp ective , use of fertiliser nitrogen 

under appropriate cl imatic condit ions on a developed , 

well managed pas ture simpl y  results  in an extension to 

those ecological changes : total herbage yield is 

increased ; the response aris es from the grass 

component of the sward , and clover c ontent i s  reduced to 

a greater or l e s s  extent ( Walker et  al . 195 4 ;  Donald 

1963 ; C rofts 1 9 6 5 ; �nitehead 1970 ; During 1 9 7 2 ; 

0 1 Connor & Curnberl and 1 9 7 3 ; Ball & Field,  in pres s ; 

see al so Section I I , Table 3 & Fig . 2 ) .  Us e of 

fertil iser nitrogen al so depres ses symbiotic fixation 

( Sinclair et al . 19 7 7 ; see al so S ection IV, Tabl es 2 0  

& 2 1 ) .  Many exceptions t o  the above general 

description of nitrogen responses c an be found in a 

voluminous li terature on the subj ec t .  However , as 

considered in detail throughout Section I I I , the wri ter 

considers that much of that diversity c an be attributed 

to experimental method , and/or site and managemen t 

influences . 

S everal New Zealand workers have sugges ted that the 

combined input , c ycl ing and retent ion of nitrogen within 

our gras s-clover ecosys tems must set an ultimate limit 

to pas ture produc tion ,  within limit s  imposed by c l imate , 

species and management ( O ' Connor 19 6 6 �  Ball 1969 � 

Jackrnan 1 9 7l a ,  b ) . Resul ts obtained during this s tudy 

provide support to that view . 

appl ied to a highly produc tive , 

annual rates up to 448 kg N/ha . 

Fertil iser ni trogen was 

well managed pas tu re at 

Over a three-year 

period , more or l e s s  linear respons es were displayed in 

annual total dry herbage and herbage nitrogen yields . 

The results are considered to authenticate a view 

developed 10 years earl i er by the wri ter ( Ball 19 6 9 ) , 

to the effect tha t  ni trogen rel ationsh ips impose an 
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upper l imit to production from well managed gras s-clover 

assoc i ations . 

B MAJOR CONCL USIONS 

A number of conclusions have been presen ted at the 

end of  each section of resu l t s  ( I I ,  E �  I I I , E & IV, E ) . 

Those considered of a minor nature are not repeated 

here . After cons ideration of  resul ts from thi s s tudy , 

and rel evant information available from the l iteratur e ,  

the fol l owi ng ma jor conclusions are reached concerning 

nitrogen rel ationships in a devel oped grass-clover 

sys tem .  

1 .  The per formance of pas tu res subj ec ted to 

rel atively frequen t ,  close defol iation by mob- s to cked 

sheep was reasonably reproduced in  cut swards from 

which herbage was removed , for a period of approximately 

two years . Cutting herbage wi th an electric shearing 

handpiece al lowed better s imulation of clover herbage 

removal by sheep than i s  pos s ibl e wi th mowing . I t  i s  

cons idered that both cutting technique and avoidance of 

nutri en t  depletion ( especially of potassium )  in  cut 

treatmen t s  were important in determining the pattern of 

resul t s . Differences between grazing and cu tti ng 

bec ame more pronounced wi th time . Not unti l the third 

year was a dif f erence recorded in  yearly clover dry 

herbage yield between grazed and cut swards . 

2 .  Under these condi t i ons , grazing increased 

total dry herbage (herbage n i trogen ) yield each year by 

from 1 3  to 24% ( 18 to 2 2% ) . Annual turnover i n  urine 

and dung is estimated to have averaged some 650 kg N/ha , 

with apparent r ecovery in  herbage l es s  than 2�� on 

average over the three year s . Plant recovery of the 

very l arge quantity of nitrogen 1 recyc l ed 1  i n  the 

excre ta of graz ing animal s  was very l imited . 

3 .  Annual total dry herbage ( herbage nitrogen ) 

yield from thi s ryegras s-white clover assoc i ation was 

subs t antial , averaging 1 5 . 6 t DM/ha ( 5 60 kg N/ha ) each 

year without fertili ser nitrogen . Application of 
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ni trogen at the heaviest rate , 448 kg N/ha/an , increas ed 

total dry herbage ( herbage ni trogen ) yield each year by 

from 20 to 2 5% ( 30 to 43% ) . The respons e was clas s i c al , 

aris ing from the grass component o f  the sward , with the 

cl over componen t  suppressed to a greater or less exten t .  

On average over the three years , total herbage responses  

were more or  less  l inear , and apparent recovery of 

fertiliser ni trogen averaged 44% .  This figur e wo uld be 

higher if it  were pos sible to cor rect for enhanced so i l  

nitrogen upt ake by clover i n  the ni trogen-treated 

swards . Quite cl early ,  nitrogen avail abil ity l imited 

total herbage production from th i s  wel l managed grass­

clover as soc iation .  

4 .  Main treatment ( defol iation method x ni trogen 

treatment ) interac tions were l argely absent from annual 

produc tion data . Comparison of results from grazed 

swards with those from cut swards , and resul ts from 

swards receiving 448 kg N/ha/an wi th those from grass­

c lover control , indic ated th at these two main treatments 

exerted simi l ar , but certainly not the s ame effects . 

Ma jor points of contrast were a pronounced influence of 

graz ing on the ryegrass population measured in l ate 

autumn , but a restricted influence on ryegrass yield 

during each year � and a pronounced influence of 

fertil iser ni trogen on yearly ryegrass yield , but only 

a restric ted influence on ryegrass  population . On 

average , fertil iser ni trogen al so subs tantially 

increased grass yield and suppre s s ed cl over over wint er­

spring and sp ri ng- summer , when grazing did not � but 

grazing reduced clover yield over summer-autumn and 

autumn-winter . The influence of sheep-grazing c annot 

be viewed as a s traightforward response to ' recycl ed 1 

nitrogen . Other influences , including selective 

defoliation of clovers under seasonally dry conditions , 

were involved . 

5 .  Under these condi tions , the soil total nitrogen 

pool through out the s ampled profi l e  decl ined over the 

c ourse of the experiment . The average annual r eduction 

under grazing ( 60 kg N/ha-45 . 7 ern )  was l ess th an under 
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cutting ( 1 50 kg N/ha- 45 . 7  cm } .  A l arger decline was 

observed below cloverles s  swards receiving no ferti l i s er 

ni trogen , but i t  was beyond the precision of 

measurements to identi fy any difference between it and 

other nitrogen treatments . Fairly complete uti lisati on 

of herbage , coupled wi th a close C/N ratio ( c  10 } for 

soil at the site , are cons idered to provide the mos t  

l ikel y  expl anation for the observed pattern o f  change . 

As the decline in so i l  nitrogen was not influenced by 

fertil iser nitrogen treatments , it is concluded that 

factors influenc ing soil c arbon accumulation may be as 

important , if not more importan t  th an the size of the 

annual input of ni trogen , in determining ni trogen 

accumul ation within a devel oped gras s-clover sys tem . 

6 .  Large pool s of mineral nitrogen accumulated in 

the sampled profi l e  below grazed grass- clover swards 

over summer-early autumn . With the ons et of leaching 

conditions , the pool s declined to minimal values by 

l ate winter . An influence of nitrogen treatments was 

superimposed on thi s  seasonal pattern , with a peak 

value of almost 2 0 0  kg N/ha-45 . 7 cm obs erved bel ow the 

pas ture receiving 448 kg N/ha/an . Whil e  it  i s  

cons idered that much of thi s  ni trogen was leached , 

quantitative conclusions were not pos s ibl e .  

7 .  N2 (c 2H2 } fixation under grazing tot al l ed 2 63 ,  

1 6 5  and 5 3  kg N/ha/an in grass-clover pastures 

receiving 0 ,  1 1 2  and 448 kg N/ha/an respectively. 

Fertil iser nitrogen reduced symbiotic fixati on through 

the combined effects of clover suppre s s ion and a 

reduc tion in fixation efficiency, th e  corresponding 

yearly values for which were 6 1 ,  48 and 2 3  kg N fixed/t 

clover DM, respectively.  Compari son of these val ues 

wi th those from other s tudies indic ates tha t  soil 

nitrogen was meeting a s igni fic ant part of the nitrogen 

r equirement for white clover growth in control swards , 

whil e  the heavie s t  r ate of ferti l i s er nitrogen so 

increased soil ni trogen availabil it y  that cl over 

nitrogen was mor e  than 50% soil-derived throughout the 

year . Separation in time of the main growth peri ods 
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for white clover and grass assoc iates resulted in a 

seasonal contrast in nitrogen avail abil ity to white 

clover . Di fferences in fixation efficiency between 

seasonal production periods indi cate that soil nitrogen 

was substi tuting for more than 5�/o of fixati on dur ing 

the summer- autumn period , on average over all 

treatments . 

8 .  Using annual averages from resul ts obtained 

during thi s  three-year s tudy ,  nitrogen balan ces were 

compiled for the grazed and cu t s ys tems . While the 

parameters used and es timated may contain subs tant ial 

error terms , it seems val id to c onclude that 

unaccount ed- for ni trogen outgoings of several hundred 

kg N/ha occurred each year from the grazed gras s-clover 

sys tems . Es timated losses  were greate r with th e  

heavie s t  rate o f  nitrogen than from control . 

9 .  Estimated nitrogen removal in animal produce 

was about 20 kg N/ha/an , while average removal in 

herbage from cut gras s-clover as soc i ations was almost 

600 kg N/ha/an . Yet the contrast between graz ing and 

cutting s ys tems in several parameters of nitrogen 

rel ationships measured in the soil-plant complex was 

unspectacul ar . These resul t s  support the conclusi on 

that subs tantial but hitherto l argely unrecognis ed 

ni trogen l os ses occurred from the grazed system s . 

10 . Some es tabl ished tenets regarding nitrog en 

relationships in grass-clover associ ations have been 

seriousl y  questioned . 

Past New Zeal and s tudi es ,  involving mown 

swards and a nitrogen bal ance on the soil-pl an t  complex,  

provided e s timates for nitrogen fixati on by clovers in 

excess of  600 kg N/ha/an . Such figures can be viewed 

only as a potenti al . Becau s e  of the experimental 

technique s us ed , those results are inapplicabl e to 

field s i tuations . More r ecen t  research indicates that 

symbiotic f ixation in devel oped grass-clover pas tu res 

is  abou t  a hal f ,  or even less , of the above e s timate . 

I t  i s  widely accep ted that ingestion of 

clover herbage and subsequ ent excretion of nitrog en in 
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urine and dung c on stitutes the ma j or pathway for 

transfer of fixed nitrogen from clovers to gras ses in 

grazed pas tures . While some trans fer occurs in this 

way, i t  is reasoned that this  is s everely limited , 

becau s e  of both ni trogen aggregation in urine and dung 

patches and the short durati on of any ni trogen benefit 

from urine . The effective pathway for transfer in a 

devel oped gras s-clover as sociation is  considered to be 

through an il l-defined process of provi sion of cl over 

res idues , including both below and above-ground tissues , 

to the soil decomposer network . 

Result s  from previous New Zealand research 

have l ed to subs tantial emphasis  being placed on the 

value of nutrient ' recycl ing ' in the excreta of graz ing 

animal s .  An al ternative hypothesis for the influence 

of graz ing animal s on nitrogen relationships in 

devel oped pas to ral ecosys tems has been presen ted : tha t  

grazing animal s  are the cau se o f  very substantial 

nitrogen los ses . They inges t  a proteinaceous herbage , 

and in the process of ruminant diges ti on sep arate the 

bulk of inges ted nitrogen from the carbon wi th wh ich i t  

was assoc iated i n  plant material . Biologic all y  ' labil e ' 

ni trogen is then aggregated into urine patches at rates 

which are far too high to all ow effective recovery by 

pl ants . There i s  insuffic ient carbon substrate in the 

mull organic matter of developed soil s to al low 

significan t  microbial immobil i s ation , so substantial 

nitrogen los s e s  from the soil-plan t  complex oc cu r in 

ur ine patches . Ni trogen in dung , which is 

quantitatively far less important to the ni trog en 

economy of a developed ecosystem , i s  much better 

retained than that in urine . I t  i s  excreted in 

intimate assoc iation with carbon , so its rel ease as 

mineral nitrogen i s  l argely s ub j ec t  to the activities 

of the decompos er network . 

11 . Anci ll ary s tudies were undertaken into errors 

as sociated wi th measuring changes in soil total nitrogen , 

and to provide a s i te description through the 

performance of  a cloverl e s s  sward . 
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Under these conditions , s ome 5 50 to 700  so il 

cores per treatment were required to detect a dif ference 

of 100 kg N/ha- 1 5  cm for cha nge in soil  total nitrogen 

between treatments . Variation did not differ greatly 

with s ampling depth , and some 8�/o of the variation 

encountered in small paddocks ( 2 50 m2 ) was exhibited by 

smal l plots ( 3 . 7 m2 ) .  Spatial variability in soil 

total nitrogen poses a maj or pr oblem for ecosys tem 

nitrogen studi es  in develop ed pas tu res . 

The per formanc e of cloverless swards ind ic ated 

that thi s  s tudy was conduc ted under conditions where 

soil nitrogen was freely available . An average annual 

mineral i s ation rate of 8 . 5% of the total nitrog en to 

1 5  cm was indicated by herbage ni trogen yields from cut 

swards . So high a figure may be taken to indic ate that 

some s i te-specific soil ch aracteris tic ( s )  influenced 

nitrogen relationships , but this  r esul t  mos t  pr obably 

simpl y  reflects the close C/N ratio in so il at the s i te 

and the fairl y  complete removal of herbage effected . 

Comparison of herbage nitrogen yields from this 

treatment wi th those from the grass  component of grass­

clover control swards indic ates that no nett annual 

transfer of nitrogen from clover to assoc ia ted gras ses 

occurred until the third year of the s tudy . 

fixation measurements in the grazed , cloverle s s  sward 

indic ated an annual total for asymbiotic fixati on of 

10 kg N/ha . 
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ABSTRACT 

Performanc e  of a ryegras s-white clover sward 

subj ected to a range of nitrogen treatments was 

recorded over three years . Herbage was removed eith er 

by periodic mob-s tocking with sheep or cu tting wi th a 

shearing handpiec e .  Nitrogen was appl ied as l ime ­

ammonium ni trate in spl it dressing s , over the period 

late autumn-winter-spring- early s ummer . A cloverl e s s  

sward receiving n o  fertil iser nitrogen was included to 

gain information on the nitrogen s tatus of the experimental 

site . An unbal anced des ign was u s ed , wi th 7 nitrogen 

treatments repres ented under graz i ng but only 4 under 

cutting . 

The performance of pas tures subj ected to rel atively 

frequent , close defoliation by mob-s tocked sh eep was 

reasonabl y reprod uced in cut swards . The cu tting 

technique all owed better simul ati on of clover herbage 

removal by sheep than i s  possibl e wi th mowing , and it was 

not until the thi rd year that a dif ference was recorded 

in yearly cl over dry herbage yield between grazed and 

cut swards . Both the cu tting technique and avoidance 

of nutrient depl etion ( especial ly of potas sium )  in  cut 

treatments are considered important in determining the 

pattern of resul t s .  Under these co ndi t ions , grazing 

increased total dry herbage ( herbage ni trogen ) yield 

each year by from 13 to 24% ( 18 to 2 2% ) . Annual 

ni trogen turnover in urine and dung averaged 

approximatel y 6 50 kg N/ha , with apparent recovery 

in herbage no more than 2 �/o on average over th e three 

years . 

Annual t ot al dry herbage ( herbage nitrogen ) yield 

from this ryegrass-whi te clover asso ci ation was 

subs tantial , averaging 1 5 . 6  t DM/ha ( 5 60 kg N/ha ) each 

year wi thout fertiliser ni trogen . The heavie s t  

fertiliser input , 448 kg N/ha/an , increased tot al dry 

herbage (herbage nitrogen ) yield each year by from 20 

to 2 5% ( 30 to 43% ) . Qui te cl early ,  nitrogen 

availabil ity l imited total herbage production from thi s  

wel l  managed grass-clover associ ation . On average over 
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the three years , total herbage responses were 

approximately l inear , and apparent recovery of ferti l i s er 

nitrogen averaged 44%.  This  figure would be higher i f  

it  were pos sibl e t o  correct for enhanced soil nitrogen 

uptake by clover in the ni trogen-treated swards . 

N2 ( c 2H2 ) fixation under grazing totalled 2 63 ,  1 6 5  and 

53 kg N/ha/an in gras s-clover pastures receiving 0 ,  1 1 2  

and 448 kg N/ha/an , respectivel y .  Fertiliser nitrogen 

reduced symbiotic fixation through the combi ned 

influence of clover suppression and reduced fixati on 

effic iency by clover in the ni trogen� treated swards . 

Main treatment ( defol iation method x nitrogen 

treatment ) interac tions were l argely absent from annual 

production data . Compari son of main treatment effec ts 

indic ated that sheep-grazing and fertil iser nitrogen 

exerted s imilar but certainly not the same effects . 

Ni trogen removal in animal produce was es timated to 

have averaged about 20 kg N/ha/an , while average removal 

in herbage from cut grass-clover associations was almost 

600 kg N/ha/an . Yet the contrast between graz ing and 

cutting in the s everal par ameters of ni trogen 

relationships measured in the soil-pl ant complex was 

unspectacul ar . 

The soil total nitrogen pool throughout th e  s ampl ed 

profile decl ined over the cours e  of the experiment . 

The average annual reduc tion under grazing ( 60 kg N/ha-

45 . 7  cm ) was less than under cut ting ( 1 50 kg N/ha-45 . 7 

cm ) .  Fairly compl ete uti l i s ation of herbage , coupl ed 

with a close C/N ratio ( c  10 ) for so il at the si te , are 

considered to provide the mos t  l ikel y  explanation for 

the observed pattern of change . No influence of 

nitrogen treatments was apparent , indicating th at 

factors regulating soil carbon accumulation are 

inseparable from the size of the annual input of 

nitrogen , in determining nitrogen accumulation within a 

developed grass-clover sys tem . 

I t  i s  concluded from nitrogen bal ances tha t  

unaccounted- for nitrogen outgoings o f  s everal hundred 

kg N/ha occurred e ach year from the grazed grass-clover 
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s ys tems . Resul ts from thi s  and as s oc iated research 

indic ate that grazing animal s c au s e  s ubs tantial , but 

hitherto largely unrecognised ni trog en losses from 

developed gras s-clover ecosystems . Most of the los s  

s tems from aggregation of excess diet ary ni trogen into 

urine patches . 
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