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ABSTRACT 

The dynamics of nitrogen (N) were studied during two years (March 1 989 -

May 1 99 1 )  in  th ree contrasting pastures grazed by sheep. The pastures were :  

ryegrass-white clover, herbal ley (a legume-based pasture of i nterest for 

"organic" agricu lture) and pure ryegrass receiving 400 kg ferti l iser N/ha/yr. 

This study was undertaken on a recent alluvial soi l at DS IR Grasslands, 

Palmerston North.  Treatments were replicated as smal l  paddocks, and 

periodically mob-g razed with sheep. Frequent soi l  measurements provided 

estimates for leaching and denitrification .  Herbage yie lds and botanical 

composition were recorded, and symbiotic N2 fixation was m easured in swards 

of the two t reatments contai ning forage legumes. Soil total N and carbon were 

measured an nual ly, providing esti mates of the partial mass balance for N. 

The soil mineral N pool was dominated (especial ly in  the systems receiving no 

ferti l iser N) by the hig h ly concentrated pu lse of N retu rned in  the excreta of 

g razing animals to a small proportion of the grazed area. In the pure grass 

sward the large inputs of ferti l iser N had a significant effect in i ncreasing the 

amount of mineral N avai lable in the top 45 cm of soi l .  On average, in 

composite samples including u rine-affected and non-affected areas, about 30 

kg/ha-45 cm more mineral N was avai lable throughout the year in the ryegrass 

ferti l ised with N than in the legume-based pastures. This consistently high 

level of soi l mineral N i n  the ryegrass+N sward was responsible for the 

g reatest annual herbage yield; however annual losses by leaching and 

de n itrification were 5 to 6 t imes greater than in the legueme-based pastures. 

A common feature of the three pastures was the small amount of N recovered 

i n  animal products, with most of the N that circulated through the plant to the 

sheep being returned to the  soi l i n  urine. This concentrated input was 

localised i n  about 1 0% of the area, which provided the major avenues for N 
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escape from the pastures receiving no ferti l iser N .  lt was estimated that a litt le 

more than half the nitrate leached (total, about 6 kg N03-N/ha/yr) arose from 

this restricted area, but in the grass+N pasture the contribution of animal­

induced losses was proportional ly smaller than in  the legume-based pastures. 

Fert i l iser N, by increasing soil mineral N,  offered more site opportunities for N 

leaching and denit rification ,  in  addition to that from urine .  Here ,  on ly one­

quarter of leached nitrate (total ,  4 1  kg N03-N/ha/yr) arose from uri ne patches. 

Den itrification accounted for 4-5 kg N/ha/yr from the legume-based pastures, 

but 20 kg N/ha/yr from swards receiving ferti l iser N.  Ammonia volati l isation, 

which was estimated using data from previous studies at this site, was 

e nhanced by di rect emission from the ferti l iser N (urea) as it is hydrolysed on 

the soi l  surface . 

Calcu lation of N inputs and outputs for these three pastures indicated that the 

two legume-based systems were more or less in  balance , but in the pasture 

receiving ferti l iser N some 1 80 kg N/ha/yr was unaccounted for. This 

difference may reflect incorporation of N into soi l organic matter, as indicated 

by a smal l  i ncrease i n  soil total N during the second year. 

Pasture production (average of two years) from the herbal ley was about 1 5  

t DM/ha/yr, o r  about 90% of the yie ld from pasture receiving ferti l iser N,  and 

some 25-30% more than from ryegrass-clover. Symbiotic N2 fixation ,  

estimated by the acetylene reduction assay to have been 1 40-1 50 kg N/ha/yr, 

was simi lar in both systems based on forage legumes. The herbal ley uti lised 

soi l  N more efficiently than the ryegrass-clover and ryeg rass+N pastures, 

hence achieving an outstanding yield of herbage .  lt is argued that this 

apparently better exploitation of soil N was brought about large ly by stimulation 

of microbial biomass in the rhizosphere around chicory roots, with the 

additional N that was scavenged by bacteria being made available to this herb 

after protozoan digestion of the bacteria. A herbal ley offers the possibi lity of 

sustain ing a h igh level of forage production, but with reduced N emissions to 

the  environment .  
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