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Abstract 

Biological N fixation (BNF) is the main N input in unfertilised pastures and can provide 
transfer N to non-legume plants. This transfer can be coupled spatially or temporally to 
different degrees. In principle, three mechanisms are conceivable: (i) a direct transfer between 
living plants, (ii) a local but delayed transfer when non-legumes colonise a patch with 
decaying legume biomass, and (iii) a spatially diffuse transfer via the excreta of grazing 
animals. We analysed these mechanisms on 10 pastures grazed by suckler cows and offspring 
where BNF input was quantified over nine years. Modelled annual BNF yield varied between 
1 and 225 kg ha-1 yr-1 (mean 30) between paddocks and years. Comparison of 15N in non-
legume plants growing in the immediate vicinity of white clover (Trifolium repens) and at 
large distance indicated negligible direct BNF-N transfer. 15N analyses of non-legumes 
growing on legume patches of the previous year also indicated no significant delayed local 
transfer. Conversely, the 15N of cattle correlated closely with the BNF input of the previous 
year. We conclude that BNF-N transfer occurred mainly via the excreta and was independent 
of the spatial distribution of legumes on the paddock. 
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Introduction 

Nitrogen limits the productivity of most terrestrial ecosystems including non-fertilised 
grassland. In the latter, biological N fixation (BNF) is the main N input. Transfer of BNF-N to 
non-legume plants is important for sward productivity and composition and may occur via 
different mechanisms: (i) direct (spatio-temporally coupled) transfer between legumes and 
non-legumes, e.g. by mycorrhiza, leaching/interception or trampling, (ii) local but delayed 
transfer when non-legumes colonise a patch of decaying legumes, (iii) spatially diffuse 
transfer via grazing/excreta deposition by grazing animals. We studied these mechanisms by 
taking advantage of the isotopic contrast between BNF-N (δ15N: approx. –2‰) and soil N 
(δ15N approx. 4‰) and data from 10 pastures analysed over nine years.  
 
Materials and methods 

The study was conducted from 1999 to 2007 on the Grünschwaige Grassland Research 
Station (near Munich, Germany). The experiment included five old pastures (>45 years old) 
and five young pastures established between 1998 and 1999 on former cropland. Young 
pastures were sown with a mixture of grass and white clover (Trifolium repens). All pastures 
were grazed by continuous-stocking with herds of either suckler cows or fattening steers 
during the entire vegetation period. Further details of the experiment and site are reported 
elsewhere (Schnyder et al., 2006). 
BNF was quantified using the model by Høgh-Jensen et al. (2004). The N content of T. 
repens was slightly higher (4.45%) than assumed in the model (4.30%), which is not 
considered in the following because the difference was smaller than the 95% interval of 
confidence (0.21%; n = 74). Total biomass production was estimated from feed intake by the 
cattle on each pasture. Sward height was kept constant by adjusting stocking density. No 

Grassland Science in Europe, Vol. 15752



supplements were fed. Standing biomass of legumes (mainly Trifolium repens) was estimated 
visually by trained persons 2-3 times during the growing period on 40 permanent quadrats (1 
m2, divided in 10 x 10 cm2 squares) during nine years. 
The direct transfer of BNF-N from legumes to non-legumes was estimated from 15N analysis 
of Lolium perenne growing in immediate vicinity of T. repens and comparison with plants 
growing at large distance to it on the same pasture. Delayed local transfer of BNF-N from 
decaying clover residues was assessed by comparing δ15N of L. perenne growing on former 
clover patches (as determined in the previous year) and L. perenne on patches with no clover 
in the previous years. Diffuse transfer was assessed from the relationship between BNF yield 
(calculated following Høgh-Jensen et al., 2004) and the δ15N of ingested feed-N, as reflected 
in 15N of the tail switch hair of the grazing cattle (the δ15N of hair equals that of the diet plus a 
trophic level shift of 3.2‰; Männel et al., 2007).  
 

 
 
Fig. 1: A) Nitrogen isotopic composition of soil, Lolium perenne and Trifolium repens in two 
pastures with low and high Trifolium repens content in the previous years (error bars give 
95% interval of confidence); 
B) Nitrogen isotopic composition in Lolium perenne and soil depending on the Trifolium 
repens biomass within the same 10x10 cm² square in the previous year;  
C) Nitrogen isotopic composition in bulk vegetation of ten pastures derived from cattle hair 
(two animals each) compared to biological N fixation in the previous year as calculated after 
Høgh-Jensen et al. (2004); square markers denote the two pastures in panel A). 
 
Results 

The BNF varied greatly among pastures and years (total range: 1 – 225 kg ha-1 yr-1). BNF was 
considerably smaller on old pastures (20 ± CI 5 kg ha-1 yr-1; CI is the 95% interval of 
confidence) than on young pastures (54 ± CI 15 kg ha-1 yr-1). On young pastures, it was 
especially high in year 1 after establishment (156 ± CI 49 kg ha-1 yr-1). Thereafter, it decreased 
linearly (r2 = 0.83, n = 30) until year 5 after stand establishment, when it became similar to 
that of old pastures. The δ15N of L. perenne on the high-clover pasture was 1.55‰ lower than 
on the low-clover pasture although the soils were similar and differed only by 0.35‰ (Fig. 1 
A). This shows clearly that the BNF-N contributed significantly to N nutrition of the grass. 
However, L. perenne growing in close vicinity of T. repens and L. perenne at large distance 
from T. repens did not differ in 15N in a high-clover pasture. The same was true on a low-
clover pasture. The overall δ-difference between L. perenne growing in close vicinity vs. at 
large distance to T. repens was 0.08‰ ± CI 0.03‰, indicating a negligible direct transfer of 
BNF-N. Comparing L. perenne growing in patches that were occupied by T. repens in the 
year before also did not indicate any transfer of BNF-N from mineralized dead T. repens 
biomass to L. perenne or to the soil at the same site (Fig. 1 B). In contrast, BNF-N yield of a 
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pasture was closely related to 15N of cattle hair in the following grazing season, indicating that 
BNF-N was ingested by the grazing animals and redistributed via excreta (Fig. 1 C). The 15N 
signal of forage was rapidly incorporated in hair: cattle had near-identical 15N in new hair 
growth during wintertime stall feeding when all animals were fed the same diet, but the 
composition started to change within one week after being put on pastures (data not shown).  
 
Discussion 

The results indicate that direct plant-plant transfer of BNF-N between legumes and non-
legumes was negligible and that most of the transfer occurred via the grazing cattle. Thus, N 
losses from living or mineralising dead T. repens plants must have been small in comparison 
with losses incurred by grazing. There are several mechanisms which underlie this result: (i) 
N concentration in live leaves of T. repens is high, (ii) the harvesting (i.e. grazing) efficiency 
of live leaf-biomass and -N of T. repens is high on pasture, (iii) N allocation to re-growing 
leaves of defoliated T. repens plants has a high priority (Corre et al., 1996), (iv) our data show 
that losses of N from living T. repens other than those associated with grazing losses are 
small, and (v) N concentration in senesced decaying T. repens biomass is low because of 
mobilisation to other plant parts during senescence. All these mechanisms enhanced the flow 
of BNF-N from T. repens to the grazer and back to the pasture via excreta. These mechanisms 
explain why L. perenne on the high-clover pasture received a high proportion of BNF-derived 
transfer-N independently of its vicinity to T. repens. The mechanisms also explain why 
patches of decaying (N-poor) T. repens biomass provided a relatively unimportant source of 
transfer-N for L. perenne colonising the patch.  
 
Conclusions 

Transfer of BNF-N occurred mainly via the excreta of grazing cattle. Conversely, the direct 
transfer between living plants or colonisation of decaying legume patches were unimportant 
paths for BNF-N transfer from T. repens to L. perenne. Together, these mechanisms enhance 
the redistribution and cycling of BNF-N in the pasture paddock, but limit the attractiveness of 
clover patches for colonisation by L. perenne and other non-legumes. 
 
References 
Høgh-Jensen H., Loges R., Jørgensen F.V., Vinther F.P. and Jensen E.S. (2004) An empirical model for 
quantification of symbiotic nitrogen fixation in grass-clover mixtures. Agricultural Systems 82, 181–194. 
Corre N., Bouchart V., Ourry A. and Boucaud J. (1996) Mobilization of nitrogen reserves during regrowth of 
defoliated Trifolium repens L. and identification of potential vegetative storage proteins. Journal of 
Experimental Botany 47, 1111-1118.  
Männel T.T., Auerswald K. and Schnyder H. (2007) Altitudinal gradients of grassland carbon and nitrogen 
isotope composition are recorded in the hair of grazers. Global Ecology and Biogeography 16, 583-592. 
Schnyder H., Schwertl M., Auerswald K. and Schäufele R. (2006) Hair of grazing cattle provides an integrated 
measure of the effects of site conditions and interannual weather variability on δ13C of temperate humid 
grassland. Global Change Biology 12, 1315–1329. 
 

Grassland Science in Europe, Vol. 15754

http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=P2L2FCobl@@AHk9eHMn&name=Corre%20N&ut=A1996VJ00700015&pos=1
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=P2L2FCobl@@AHk9eHMn&name=Bouchart%20V&ut=A1996VJ00700015&pos=2
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=P2L2FCobl@@AHk9eHMn&name=Ourry%20A&ut=A1996VJ00700015&pos=3
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=P2L2FCobl@@AHk9eHMn&name=Boucaud%20J&ut=A1996VJ00700015&pos=4


                  
                                

 
  

 

 
 
 
 
 
 
 

Grassland in a changing world 
 
 
 
 
 

Edited by 
 

H. Schnyder 
J. Isselstein 

F. Taube 
K. Auerswald 
J. Schellberg 

M. Wachendorf 
A. Herrmann 

M. Gierus 
N. Wrage 

A. Hopkins 
 
 
 
 

 
 
 
 
 

VOLUME 15 
GRASSLAND SCIENCE IN EUROPE 

EGF 2010 

Kiel Germany 



Published by 
 
Organising Committee of the 24th General 
Meeting of the European Grassland Federation 
and 
Arbeitsgemeinschaft Grünland und Futterbau der 
Gesellschaft für Pflanzenbauwissenschaften 
 
Copyright © 2010 Universität Göttingen 
 
 
All rights reserved. Nothing from this 
publication may be reproduced, stored 
in computerised systems or published 
in any form or any manner, including 
electronic, mechanical, reprographic 
or photographic, without prior written 
permission from the publisher Universität Göttingen. 
 
The individual contributions in this 
publication and any liabilities arising 
from them remain the responsibility of 
the authors. 
 
 
ISBN 978-3-86944-021-7 
 
 
 
 
 
 
 
Printed by 
 
MECKE DRUCK UND VERLAG 
Christian-Blank-Straße 3 
37115 Duderstadt Germany 
 
 
 
Distributed by 
 
European Grassland Federation EGF 
W. Kessler · Federation Secretary 
c/o Agroscope Reckenholz-Tänikon Research Station ART 
Reckenholzstrasse 191 
CH-8046 Zürich, Switzerland 
E-mail  fedsecretary@europeangrassland.org 




