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Abstract - An experiment was carried out to estimate N2 fixation of white clover and lotus-based pastures and to study
the effects of legumes on two contrasting tall fescue genotypes managed with two continuous grazing intensities on a
typical alkaline hydromorphic soil ’Natraquoll’. Binary mixtures of white clover (WC) or lotus (L) and tall fescue tem-
perate (EP) or Mediterranean (MK) were employed. Grazing by steers was applied to maintain two herbage mass levels:
800-1 200 for high level of use (HLU) or 1 800-2 200 kg DM·ha-1 for low level of use (LLU). Measurement of legume
cover and nitrogenase activity in sample areas with legumes of the experimental units were carried out ten times in 1986
and eight in 1987. Legume cover was always near 60 % in the samples and varied from 4 to 24 % in the paddocks. N2
fixation was estimated by weighing the nitrogenase activity of samples by legume cover. In 1986 it was: 59 kg N·ha-1

year-1 in WC/MK, 52 in WC/EP, 42 in L/MK, 27 in L/EP, 52 in HLU and 39 in LLU, the differences being not signifi-
cant (P > 0.05). In 1987 the values were: 25 kg N·ha-1 year-1 in WC/MK, 14 in WC/EP, 27 in L/MK, 27 in L/EP, 25 in
HLU and 21 in LLU. Mixture x use level interaction was significant (HLU > LLU within L/MK, P < 0.05). Seasonal
variations in N2 fixation was observed. Legume content of pastures was the main factor determining N2 fixation. (&copy; Inra/
Elsevier, Paris.) 

N2 fixation / Lotus tenuis / Trifolium repens / Festuca arundinacea / continuous grazing

Résumé - Fixation d’azote par des prairies à base de Trifolium repens ou Lotus tenuis de la Pampa Deprimida en
Argentine. Une expérience a été réalisée pour estimer la fixation d’azote par des prairies constituées par du trèfle blanc
ou du lotier associé à deux variétés de fétuque élevée ayant des comportements différents et soumises à deux intensités
de pâturage continu, sur un sol alcalin hydromorphe typique « Natracuol ». Des mélanges binaires de trèfle blanc (WC)
ou de lotier (L) avec la fétuque élevée tempérée (EP) ou méditerranéenne (MK) ont été employés. Les prairies ont été
pâturées par des taurillons de manière à maintenir deux niveaux de masse herbacée aérienne : 800-1 200 kg MS·ha-1
avec la forte intensité de pâturage (HLU) ou 1 800-2 200 kg MS·ha-1 avec la faible intensité de pâturage (LLU). L’acti-
vité de la nitrogénase a été estimée pour chaque parcelle pâturée à partir d’échantillons de sol comportant des légumi-
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neuses au cours de dix périodes hebdomadaires en 1986 et huit en 1987. La couverture de légumineuses a toujours été
proche de 60 % pour les échantillons prélevés et était comprise entre 4 et 24 % pour les parcelles. La fixation de N2 a

été estimée en pondérant l’activité de la nitrogénase des parcelles expérimentales par le taux de couverture des légumi-
neuses. En 1986 elle a correspondu à 59 kg N·ha-1·année-1 pour le mélange WC/MK, 52 pour WC/EP, 42 pour L/MK,
27 pour L/EP, 52 pour HLU et 39 pour LLU, les différences n’étant pas significatives (P > 0,05). En 1987 les valeurs
obtenues ont été 25 kg N·ha-1·année pour WC/MK, 14 pour WC/EP, 27 pour L/MK, 27 pour L/EP, 25 pour HLU et 21
pour LLU. L’interaction entre mélange et niveau d’utilisation a été significative (HLU > LLU pour L/MK, p < 0,05).
Une variation saisonnière de la fixation d’azote a été observée. Le contenu en légumineuses des prairies semble être le
principal facteur déterminant de la fixation d’azote. (&copy; Inra/Elsevier, Paris.)

fixation d’azote / Lotus tenuis / Trifolium repens / Festuca arundinacea / pâturage continu

1. INTRODUCTION

The Flooding Pampa is a region of 10 million
hectares located in the centre and east portion of
the Buenos Aires Province, Argentina, and is the
principal cattle breeding area of the country. Its
distinctive characteristics are smooth slopes, which
had originated from alkaline hydromorphic soils
[14], and periodic droughts and floods. Seventy
percent of the area is occupied by natural grass-
lands, which produce about 5 500 kg of DM·ha-1

year-1 [28], with its highest seasonal growth in
spring and early summer. Beef production of the
region is low and was estimated by Bochetto [3] as
70 kg ha-1 year-1.

Cauhépé et al. [6], proposed to increase beef
production by complementing rangeland with sown
fertilized pastures. However, the persistence of
sown pasture is frequently reduced by various fac-
tors: low soil phosphorous levels, poor legume
nodulation, the choice of inappropriate plant geno-
type, ignorance of suitable management practices
and climatic adversities [11, 21].

An important component of pasture decline is

changes in the N cycle, because the decrease of
sown legumes also diminishes N symbiotic input
[13]. This weakens the sown grasses and impairs
them when compared to native species, which have
a lower N requirement [11]. In addition, N losses
by NH3 volatilization from urine patches may be as
high as 50 % in alkaline soils of the region [33].
Consequently, it was considered necessary to know

how legume species and management affect persis-
tence and N2 fixation.
An interdisciplinary study on structure and func-

tioning of four forage mixtures of tall fescue
(Festuca-arundinacea Schreb.) and white clover
(Trifolium repens L.) or narrow leaf birdsfoot tre-
foil (Lotus tenuis Waldst et Kit, common name:
lotus), under continuous cattle grazing was carried
out in Balcarce. Promising germplasm for the
Flooding Pampa obtained from cutting experiments
was employed. Continuous grazing was applied
because it is the usual system used in the region
[3].

The objectives of this study were: a) to estimate
N2 fixation of white clover and lotus in sown pas-
tures on a Typic Natraquoll soil in the Flooding
Pampa; and b) to study the effects of legume asso-
ciation with two contrasting tall fescue genotypes
and of two continuous grazing intensities on N2
fixation.

2. MATERIALS AND METHODS

2.1. Experimental site

The experiment was carried out at the Balcarce
Agricultural Experimental Station, Instituto Nacional de
Tecnología Agropecuaria (INTA), Argentina (37° 45’ S,
58° 18’ W, 97m o.s.l.), on a Typic Natraquoll soil which
showed 0.28 % of total N (equivalent to 3 750 kg of
N·ha-1), 5.3 % of organic matter, C:N ratio of 11:1,



12-23 ppm of plant-available P and a pH of 6.6-8.7 in
the 0-11 cm layer. At depth the pH rises to 9.5 by Na
content and the B horizon is textural, factors which lead
to poor drainage.

The climate is humid-temperate (Cfb of Koppen sys-
tem), with 937 mm of annual rainfall evenly distributed
and mean monthly temperatures between 7.6 °C (July)
and 19.7 °C (January). Frost is normally registered on
77 days of the year, 95 % of which occur between May
and October.

2.2. Pastures and grazing management

In the fall of 1984 binary mixtures of Trifolium
repens cv. El Lucero (WC) or Lotus tenuis population
Monte (L.) and Festuca arundinacea cv. El Palenque
(EP) or Maris Kasba (MK) were sown. The annual
growth distribution is concentrated in autumn-

winter-spring in WC and MK and spring-summer-
autumn in L and EP. Sowing was carried out on lines
15 cm apart, employing 10 kg of seed·ha-1 of MK or

EP, 3 kg·ha-1 of L and 1.5 kg·ha-1 of WC. This legume
was inoculated with A-12 genotype of Rhizobium
trifolii, obtained in Balcarce through a local isolation
selection. L was inoculated with local non-selected iso-
lation of R. loti.

In autumn 1985, two continuous grazing intensities,
defined by the maintenance of herbage mass in a steady
state into the rank 800-1 200 kg DM·ha-1 for the ’high level
of use’ treatment (HLU) and 1 800-2 200 kg DM ·ha-1 for
the ’low level of use’ (LLU) were applied [2]. Grazing
by steers using a variable stocking rate to compensate
seasonal plant growth changes was carried out.

At the onset of the experiment, the pastures were
19 months old and the seeded components constituted
more than 90 % of the existing biomass.

2.3. Experimental design and data analysis

A split-plot design with subunits arranged in strips
which were duplicated was employed [7]. Within each
replicate, the four mixtures were allocated to four 1 ha
main plots, and then two strips (HLU and LLU) were
established, resulting in eight 0.5 ha subunit of mixture
x use level combinations. The subunit arrangement was
due to operative difficulties of pasture sowing and ani-
mal distribution.

Analysis of variance was carried out using the model:

where the value of an observation (Y) is the result of the
effects of general means (&mu;), repetition (R), forage mix-
ture (&alpha;), level of use (&beta;), mixture x use level interaction
(&tau;) and random associated components (&epsiv;).

The design employed was split again (resulting in a
split-split plot with a strip design) to include time of the
year as a third factor and to analyse time x mixture and
time x use level interactions. Previously, absence of cor-
relation between observations within a plot across time
and matrix homogeneity of population covariances were
tested [34].

The means were compared by Tukey’s test.

2.4. Measurements and estimations

Nitrogenase activity of the pastures was measured in
ten weekly periods during 1986 and eight in 1987,
distributed nearly uniformly throughout the year. Ace-
tylene reduction technique on pasture samples and soil
mass was employed. Samples were obtained with the
methodology described by Hoglund and Brock [15]
modified locally [26], which uses composite samples
integrated by pasture and soil cores 2.5 cm in diameter.
Because of the low legume content of the experimental
pastures, core sampling was carried out where legumes
were present along transects randomly placed.
Composite samples were integrated by 20 cores and on
average had 94 cm2 pasture surface by 11 cm soil depth.
Six composite samples were drawn from each experi-
mental unit (0.5 ha) and nitrogenase activity was ave-
raged. Incubation with acetylene was carried out in situ
in 2.33 L white polyethylene vessels placed on the soil
in the shade for 1 h between 10.30 a.m. and 1.00 p.m.
Simultaneously edaphic moisture in 0-10 cm soil layer
and air temperature 10 cm from ground level were
registered. To measure the ethylene produced, 10 cc gas
samples were analysed by gas chromatography in the
laboratory.

Legume cover of the samples was 59.5 % ± 2.4 (x ± SE).
To relate nitrogenase activity to area units it was wei-

ghed by treatment legume cover. This was estimated by
visual projection of 500 points 20 cm apart along two
randomized transects in each experimental unit. In addi-
tion, to describe the pastures, biomass legume percent-
age of treatments was measured with destructive sam-

pling using a 20 x 20 cm frame.



Theoretical nitrogen fixation of the mixtures and
levels of use were estimated using nitrogenase activity
and legume cover data. Legume cover value of the
samples was assumed to be 60 % and activity was refer-
red to 1 ha and 24 h. Conversion of ethylene produced
to N theoretically fixed was carried out by means of 3:1
ratio, which would be suitable for pastures under mode-
rate to intensive grazing [8]. These procedures are syn-
thesized in the following expression:

where NTFU is theoretical N2 fixation of experimental
unit in gN (ha x day)-1; 3.9716 is the combined factor of
transformations in gN x hour x sample (ha x day x
&mu; mol x %)-1; EHPU is the ethylene hour production of
experimental unit, average of six samples in 0.5 ha, in
&mu; mol (sample x h)-1; COVU is the legume sown cover
(%) in the experimental unit.

The herbage mass was measured monthly by destruc-
tive sampling and weekly by visual estimates of sward
height. On the basis of this information, stocking rate
changes were carried out.

3. RESULTS

3.1. Pasture evolution

Meteorological conditions during 1986 and 1987
in the experimental area are shown in table I.
Summer balance between rainfall and evapo-

transpiration was -109 mm in 1986 versus -159 mm
in 1987, but water stress in the second summer was
still more accentuated because spring balance was
- 5 mm in 1986 versus + 143 mm in 1985.

On an annual average, herbage mass removed by
clipping was maintained at 1 319 ± 71 kg DM·ha-1
for HLU (x ± SE) and 2 243 ± 107 kg DM·ha-1 for

LLU, the difference was significant
(P < 0.05). Frequent changes of stocking rate
controlled pasture growth and maintained treat-
ment differences throughout the year (table II).

Legume percentage of both legumes in herbage
mass was reduced. The 1986 annual average
content of WC in WC/EP was 6.0 ± 1 % and



within WC/MK 6.3 ± 0.7 %. L content was
6.7 ± 0.9 % in L/EP and 14.2 ± 2.2 % in L/MK.
HLU showed 8.6 ± 1.1 % of legumes and LLU
8.0 ± 1 %. In 1987 the values were on average
27 % lower. WC content was minimal in summer

(1 % in WC/EP) and maximal in spring (12 % in
WC/MK), while L content was minimal in winter
(5 % in L/EP) and maximal in summer (36 % in
L/MK).

Due to reduced legume percentage contents,
cover values were low (table III).

The cover of both legumes tended to be higher
in mixture with MK and in HLU (figure 1), the dif-
ferences being significant (P < 0.05) only in the



summer of the second year. In the following
spring, significant mixture x use level interaction
was found (P < 0.05), showing WC/EP lower legu-
me cover than L/EP in LLU and L/MK in HLU.

Likewise, L/MK was higher in HLU than in LLU
(table IVa).

During the whole experiment, a mixture x date
interaction was observed (P < 0.01). During the



first year the cover of L appeared stable in both
mixtures, while WC cover with both grasses
decreased in summer (March) and was maximal in
late winter (September, P < 0.01). This pattern was
repeated for WC in the second year, whereas in
L seasonal differences appeared in L/EP, between a
minimum in late autumn (June) and a maximum in
spring (October, P < 0.05).

3.2. Nitrogenase activity

Figure 2 shows nitrogenase activity measured
during 1986 and 1987. Mean values of 10 cm air

temperature and 0-10 cm soil layer moisture
during the measurement periods are also shown.

The mean coefficients of variation of activity
measured for the whole experimental period were:
23.2, 24.5 and 21.4 % for forage mixture, level of
use and interactive effects, respectively. In summer
1986 mixture x level of use interaction was signifi-
cant (P < 0.05), because activity within WC pas-
tures was greater in HLU than in LLU, whereas in
L pastures both levels were similar (table IVb).
During the second year WC/EP output had similar
results in late autumn and spring (P < 0.05).
Likewise, WC/EP within LLU had lower activity
than other mixtures (table IVb).



In the first year mixture x date and use level x
date interactions were found (for both, P < 0.01).
In both WC mixtures nitrogenase activity had a
summer minimal value (February, March) and an-
other autumn value (June), statistically lower
(P < 0.05) than the values observed in April, winter
and spring in WC/EP and in January, April and
October in WC/MK. Instead, the L mixture activity
was uniform during long periods (P > 0.05), with
maxima (P < 0.05) in January, April and Septem-
ber in L/EP and in April, September and November
in L/MK (figure 2).

Within HLU minimal nitrogenase activity was
registered in summer (February, March) and late
autumn (June), and one absolute maximum was
found in late winter (September, P < 0.05), while
in LLU all summer-autumn values (except April)
were lower than those found in winter-spring
(P < 0.05).

During the second year, only date had a global
effect (P < 0.01), showing a maximum of nitroge-
nase activity in late winter and early spring
(September-October) from a minimum observed in
early summer (January).

3.3. Theoretical nitrogen fixation

Figure 3 shows the estimated values of N2 fixa-

tion for the different mixtures maintained under the
two grazing levels.

When cover and nitrogenase activity data were
combined to estimate theoretical fixation of N2 the

variation coefficients increased, averaging: 53, 37
and 36 % for mixture, use level and its interaction
effects, respectively. WC/MK was higher than the
other mixtures in the first summer (P < 0.05). No
effects of the level of utilization or mixture x utili-
zation level were significant during the first year.

In the second year only some interactions were
observed (table IVc). L/MK was the mixture that
showed the best performance, exceeding both WC
mixtures at HLU in summer (P < 0.05), and
WC/EP in spring; and within LLU was also higher
than WC/EP in summer (P < 0.05). On the other
hand, L/EP in LLU would be fixing more N2 than

WC/EP in summer and spring (P < 0.05). Likewise,
HLU showed higher theoretical fixation than LLU
in L/MK (summer and spring) and WC/EP (spring)
(P < 0.05).

Overall, during the first year, significant interac-
tions of time x mixture or level of utilization were
found (P < 0.01). In both WC mixtures the mini-
mum values found in February and March (sum-
mer) were different from the maximum in August
and September (winter, P < 0.05). N2 fixation in
L/EP and L/MK did not show statistical differences
during the year (figure 3).

Within LLU, values of theoretical nitrogen fixa-
tion were surpassed only in November by the mini-
mum found in June (P < 0.05), while in HLU the
September maximum was different from the other
dates (P < 0.05) and in general winter and spring
values were higher than summer-autumn values
(P < 0.05).

In the second year an interaction between mix-

ture and level of utilization was significant
(P < 0.05), because HLU and LLU differed within
L/MK (annual means were 107 g N·ha-1 d-1 versus

51). Temporal variations were also found (P < 0.01),
showing minimal fixation in January (summer, 8 g
N·ha-1 d-1) and maximal in September and October
(late winter and spring 148 g N·ha-1 d-1, respecti-
vely).
The theoretical annual N2 fixation in 1986 was

calculated by integration of estimates, being
(x ± SE): 52 ± 10 kg of N·ha-1 x year for WC/EP,
59 ± 9 for WC/MK, 27 ± 2 for L/EP, 42 ± 7 for
L/MK, 52 ± 9 for HLU and 39 ± 3 for LLU. The
differences found were not significant.

Values for 1987 were lower, being 14 ± 4 kg
N·ha-1 x year for WC/EP, 25 ± 1 for WC/MK,
27 ± 4 for L/EP, 27 ± 7 for L/MK, 25 ± 5 for HLU
and 21 ± 5 for LLU. This year the mixture x use
level interaction was significant (P < 0.05), becau-
se L/MK showed a higher theoretical N2 fixation in
HLU than LLU (37 versus 18 kg N·ha-1 &times; year).

Taking both years into consideration, in WC
pastures 27 % of N2 fixation occurred in summer-
autumn and 73 % in winter-spring, whereas in L
pastures the corresponding distribution was of 35
and 65 %, respectively.



4. DISCUSSION

4.1. Legume content of pastures

The reduced percentage content of WC in these

pastures, lower than 10 % throughout almost all the
experimental period contrasted with the values usual-
ly found in temperate regions of the Northern hemis-
phere, Australia or New Zealand. The low content of
WC in this experiment would be associated with the
reduction of legume content frequently observed in
sown pastures in temperate areas of South America

during the first years of utilization [11].

The effect of different mixtures and grazing man-
agements on the content of Lotus tenuis has been litt-
le studied [22, 23]. The values found here showed a
summer maximum and similar content to that obser-

ved in white clover during the rest of the year.

Legume cover (figure 1) reflected approximately
the reduced biomass values. WC cover showed

greater oscillations than L, suggesting that this spe-
cies is more sensitive to environmental conditions.
On the contrary, L cover exhibited an appreciable
stability during the summer drought conditions.
This tolerance to water stress could be one of the
causes for the success of the propagation of the
species in the Flooding Pampa.



In both legumes high covering tendencies in
association with MK and LLU point out the impor-
tance of grass competition control in mixtures with
tall fescue. In our research conditions, without
nitrogen fertilization, MK showed thinner tillers,
lower height and spring growth rates and greater
acceptability by the ruminants than EP [12, 20].
These characteristics could favour white clover

growth owing to lesser grass competition.
Likewise, MK showed greater time complementa-
rity with L than with WC, because besides the
mentioned characteristics, MK summer growth
stopped completely, which in a typical year could
happen from mid December to mid March [20].
Finally, increasing defoliation intensity (HLU ver-
sus LLU) could promote the development of cree-
ping (WC) or prostrated (L) legumes, both very
sensitive to light competition.

4.2. Nitrogenase activity

The high and relatively constant legume cover of
the pasture samples observed allows the use of the
nitrogenase activity measurements as an index of
N2 fixation of the pastures, independently of legu-
me content. This index is similar to the concept of

specific acetylene reducing activity (specific
A.R.A.) of Vessey and Patriquin [32].

The annual evolution of WC nitrogenase activity
(figure 2) was similar to that described for this spe-
cies by other researchers of the Southern hemis-
phere [15]. The activity was higher during fav-
ourable conditions of humidity, temperature or
irradiation for vegetative growth [5, 16], while the
minima can be related to water stress [1] or redu-
ced levels of irradiation and temperature [19, 25]
The activity drops in spring with the onset of
reproductive state in WC [19] and with a gradual
increase in evapotranspiration.
L activity evolved in a similar way, indicating

that both species could respond in a similar way to
environmental or phenological restrictions.

WC nitrogenase activity was higher than that of
L during most part of the first year (significantly or
as a trend, figure 2). This could have been due to

differences in the degree of breeding of both spe-
cies and its microsymbionts. However, L activity
seemed to be more stable during dry periods and
would be an adaptative advantage because water
stress is a frequent restriction in the Flooding
Pampa.

The greater activity found in HLU compared to
that of LLU in May and September could be asso-
ciated with a better light environment. Legumes
developed a low and dense canopy in HLU, it

being unlikely that energy capture was restricted
with an herbage mass near to 1 000 kg of DM ha-1
[18]. In summer, the reproductive state in WC was
reduced by HLU to a greater extent than that obser-
ved in L, and this difference could explain the mix-
ture x level of use interaction.

During the dry environmental conditions of the
second year (table I), WC cover was reduced dras-
tically (figure 1) and the nitrogenase activity of
both legumes decreased (figure 2). The greater sen-
sitivity of WC compared with that of L to environ-
mental changes would reduce the differences found
during the first year. The absence of any effects of
level of use shows the secondary roll of grazing
management when compared with meteorological
conditions, although sometimes LLU had a negati-
ve effect on WC activity in WC/EP, possibly due to
poor grass competition control.

4.3. Nitrogen fixation calculations

The high variability resulting from combined
cover and nitrogenase activity data could be the
cause for the absence of significant differences be-
tween mixtures or levels of use (figure 3).

Although theoretical seasonal N2 fixation results
from both legume cover and nitrogenase activity,
the shape of the curves (figure 3) denotes that the
second variable has a greater weight.

The annual evolution of N2 fixation in WC pas-
tures was similar to that found under continuous

grazing in other temperate regions of the world [5],
reaching a maximum with favourable conditions
for plant growth and a minimum during water



stress, low temperatures or reduced photoperiod.
No information on seasonal variation or levels of

N2 fixation of Lotus tenuis pastures are available.
The amounts of nitrogen fixation estimated here

were lower than those usually found in white clo-
ver or Lotus corniculatus-based pastures. The main
determinants of this result could be adverse eda-

phic characteristics, the continuous grazing and
low legume content of the pastures.

The detrimental effect of edaphic characteristics
was hypothesized at the onset of this work. The
amount of mineral N of the upper horizon could be
an important issue to be considered because of its
high total N content. The depressor effect of min-
eral N on symbiotic N fixation of white clover is
extensively documented [1]. Subsuperficially pH
increases and anaerobiosis could also be a harmful
factor [4]. In the pastures with pH gradients of
upper soil between 6.6 and 8.7 WC content was

greatly reduced although this decrease was not
significant. On the other hand, L became dominant
showing its tolerance to alkaline pH [24]. The
content of assimilable P was adequate for both
legumes [10, 24].

Harmful effect of continuous grazing is unlikely
at least for WC. The effect of continuous grazing
on N2 fixation by this species has been considered
either adverse [19] or beneficial [5]. The trend
towards greater N2 fixation in HLU is in agreement
with the response found in white clover/perennial
rye grass pastures as the intensity of grazing [30]
or cutting [ 18, 29] increased.

There are no reports on the effects of different
grazing intensities on N2 fixation of Lotus tenuis.
In this experiment, both intensities of continuous
grazing did not affect the growing point density of
this species [23], although apparently the number
and size of plants varied in compensatory form
from the first to second summer, suggesting plasti-
city according to level of use.

The amounts of N2 fixation found in other tem-
perate regions are higher than those estimated here
and were measured in pastures with greater legume
content. For instance, in a series of trials carried
out in New Zealand on pastures with an average
legume biomass content of 27.1 %, white clover

fixed 185 kg N·ha-1 year-1 [16]. Lambert [17], in
ranges intercropped with white, red and subterra-
nean clover and Lotus pedunculatus found annual
amounts of 105, 129 and 224 kg N·ha-1 with 14.8,
14.7 and 21.5 % of legumes under continuous or
rotational grazing with sheep and rotationally gra-
zing with cattle, respectively. In pastures with low
white clover content under cattle rotational gra-
zing, Crush et al. [9] detected an annual fixation of
97 kg N·ha-1 with 11 % legumes and 60 kg N·ha-1
with 6 % legume content.

It seems that the levels of nitrogenase activity
measured in this work were not far from those
found in other temperate regions. Legume content
was the most important factor in the amounts of the
N2 fixation obtained. According to this, edaphic
and grazing factors could have scarce incidence on
N2 fixation at the physiological level but could be
controlling legume content of pastures and therefo-
re the N2 fixation per hectare. For instance, the
legumes would only occupy favourable microsites
[31 ] while light grazing during establishment could
promote grass dominance.

The degree of current interference of the compan-
ion grasses could also be controlling the legume
content. The tendency for greater N2 fixation in
L/MK and WC/MK compared with the EP mix-
tures is a reflection of a similar tendency in both
legume covers in association with MK, possibly
due to better complementation between the growth
cycles or to lower aggressiveness of the grass.
Furthermore a limited physiological effect is also
possible, such as a very intense differential com-
petition by nutrients sometime during the year,
because changes in N, fixation such as those obser-
ved between August and September of the first
year are based on a very different behaviour of

nitrogenase activity between EP and MK mixtures.

Although the N2 fixation levels estimated in this
work are small, impact on the forage production of
Flooding Pampa may be substantial. Currently,
with the exception of the area where Lotus tenuis is
naturally disseminated, the scarcity of legumes in
the ranges and the economic difficulties for nitro-

gen fertilization suggest that the volume of N

cycling is reduced. An annual input of 10-15 kg of



N·ha-1 onto ranges coming from rains and N2 fixa-
tion is expected [27]. This input would be in dyna-
mic equilibrium with the amount of N exported in
cattle meat and volatilized from urine and faeces,
taking into account that the regional animal pro-
duction is low. The introduction of Lotus tenuis or
white clover adapted germplasm could substantial-
ly modify the volume of N cycling and animal pro-
duction [26].

5. CONCLUSIONS

The amounts of N2 fixation estimated in this
work in white clover and lotus-based pastures on

Typic Natraquoll soil were reduced, with means no
higher than 60 kg N·ha-1 year-1.

The low legume content of these pastures was
the main determinant factor of the values of N2
fixation per hectare. 

L showed greater stability in cover and very
similar nitrogenase activity when compared with
WC, although with lower values during long per-
iods of time.

MK compared with EP showed better compati-
bility with both legumes, tending to a greater legu-
me cover and to higher N2 fixation in its mixtures.
The level of use had a generalized effect only

during the first year, when HLU encouraged nitro-
genase activity in autumn and winter originating
similar trend in N2 fixation per hectare.
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