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Figure 3. Amount of N in shoots, roots and the whole plant of Lolium perenne, Lotus
corniculatus, Lupinus polyphyllus and Trifolium repens from the unburnt soil and the
burnt soil with and without poultry manure addition. For each species and plant part
(shoots, roots, whole plant), different letters (a, b, c) indicate statistically significant

differences among soil treatments (p<0.05).

As for phytomass production, the two-way
ANOVA showed significant (P<0.001) effects on
plant N concentration (shoots, roots or whole
plant) due to soil treatment (partial K = 0.624 to
0.729), plant species (partial ¥ =0.883 to 0.918)
and the interaction between the two factors
(partial R = 0.484 to 0.670; P<0.01 in the case
of roots). Regardless the part of the plant con-
sidered and the soil treatment, the concentra-
tion of N in the biomass of Lolium (Figure 2) was
significatively (P<0.05) lower than that of the
three legumes tested, excepting Lotus in the US
treatment. Compared with the legumes grown
on US, those developed on BS had a higher N
content, although the differences were not al-
ways significant; conversely, the N concentra-
tion in Lolium tissues hardly changed from US
to BS. Except for Lotus roots, the N richness
in the legumes decreased (not always signifi-
catively) from BS to BS+PM, returning usually
to values similar to those of the US plants; in
Lolium, the concentration of N also decreased
from BS to BS+PM, although, unlike the le-
gumes, the values reached in the shoots and
the whole plants were significantly lower than
those of Lolium plants grown on US. The plant
biomass yield and the percentage of N in the
plants were highly and negatively correlated (r =
-0.910, P<0.001; r = -0.883, P<0.002; r = -0.712
andr =-0.686, P<0.05, for the aerial parts of Lo-
lium, Trifolium, Lotus and Lupinus, respectively).
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For the total amount of N in all plant parts
(shoots, roots or whole plant), the two-way
ANOVA also showed significant (P<0.001)
effects due to soil treatment (partial K=0.518 to
0.722), plant species (partial K =0.982 to 0.986)
and the interaction between both factors (partial
R = 0.688 to 0.913). Either in US, BS or BS+PM,
the absolute amount of N contained in the who-
le plant (Figure 3) increased significantly in the
order Trifolium < Lolium < Lupinus, with Lotus in
an intermediate position between the first two
species. However, it should be highlighted that
a substantial part of the legumes-N (up to 20-
30% in Trifolium and Lotus; around two-thirds
in Lupinus; data not showed) could not proceed
from the soil, but from the N-rich seeds of the-
se species. The pools of shoot- and root-N in
US and BS+PM followed the same trend as that
of the whole plant, whereas in BS the differen-
ces among Lupinus, Lolium and Lotus were not
statistically significant. No visible nodules were
found at harvesting in the roots of any legume
plants.
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4. Discussion

The lower plant growth in the burnt soil (BS)
than in the unburnt control (US) agrees with the
limited growth of the commercial plant species
used for the reclamation of burnt soils found
elsewhere (Villar et al. 1998; Castro et al. 2000);
as the decrease of plant growth was significant
only for Lupinus, this was the species most
negatively affected by the effects of fire on soil.
In the burnt soil amended with poultry manure
(BS+PM), the improved plant growth agrees
with the results reported elsewhere for this and
other organic amendments (Villar et al. 1998;
Castro et al. 2000; Guerrero et al. 2001; Meyer
et al. 2004; Villar et al. 2004, 2005). Villar et al.
(1998) showed that the lower plant growth in BS
than in BS+PM was not due to macronutrients
(N, P, K, Ca, Mg) shortage in the former; these
authors hypothesized that biomass production
in BS could be inhibited by heat-derived phyto-
toxic compounds (see Rovira and Bowen 1966;
Raison 1979; Vilarino and Arines 1991; and
Diaz-Ravifa et al. 1996), their negative effects
being microbially or chemically suppressed by
the addition of organic wastes.

The negative correlation between the plant
biomass and percentage of N agrees with the
decrease in plant N content as the crop mass
increases, as reported by Zagal (1994) and Le-
maire and Gastal (1997). According to Lemaire
and Gastal (1997), these results showed that the
plants from BS, with reduced size and higher
N richness, have a lower proportion of struc-
tural vs. metabolic tissues than plants grown on
BS+PM. As previously indicated by Castro et al.
(2000), the soil conditions in the BS treatment
led to weaker plants that cannot provide pro-
tection for a recently burnt soil against erosive
forces, unlike plants grown in BS+PM.

The ability of plants to retain the post-fire pulse
of available N within the soil-plant system, thus
preventing N losses by leaching and erosion,
varied among species, increasing in the order
Trifolium, Lotus < Lolium < Lupinus; however,
the last two species could interchange their po-
sitions taking into account the N they obtained
from their seeds. This result has important
practical implications for burnt soil reclamation
(Castro et al. 2000) because, by reducing the

SJSS. SPANISH JOURNAL OF SOIL SCIENCE

mineralizable organic-N reserves and increasing
the N mineralization rate, wildfires could lead to
a rapid depletion of the labile organic N pool
(Prieto-Fernandez et al. 1993).

No visible nodules were found at harvesting in
the roots of any legume plants, a foreseeable
result considering the small size of the speci-
mens. Therefore, after their senescence and
incorporation into the soil organic mater, these
plants will not only enrich the soil with fixed N,.
Our results on the lack of legume nodulation
contrast with those reported by several authors
(Towne and Knapp 1996; Hendricks and Boring
1999; Casals et al. 2005), even with the results
of Vazquez et al. (1996) who found that poul-
try manure did not inhibit legumes nodulation,
which was very much enhanced in the case
of Lotus. A possible explanation for this differ-
ence is that all these authors, except the latter
ones, worked on the natural recovery of legume
species preexistent in the soil before the fire.
Other possible causes for the lack of nodulation
of the legumes in BS are that they were com-
mercial species that: a) although relatively fru-
gal and characteristic of unfertile soils (acidic,
sandy, saline), could not be adapted to grow in
a burned soil; and b) could be unable to nodu-
late due to the lack of the specific symbionts
in the soil. Moreover, nodulation and biological
fixation of atmospheric N, are usually inhibited
when there is abundant available N (Macduff et
al. 1996; Crews 1999), which is the case of the
soils used in the present experiment. Among
the ecological constraints that may limit the
success of N-fixing plants, other than the en-
ergetic cost of N fixation, Crews (1999) include
the availability of soil nutrients other than N (es-
pecially P or Mo) and the existence of adverse
edaphic conditions such as high acidity, alkalin-
ity or aridity.

Jointly considered, the results on growth, abil-
ity to retain the post-fire pulse of available N
and absence of N, fixation at the short-term
suggested that commercial legumes are not as
useful as gramineous plants for the very early
soil protection and re-vegetation phase of burnt
soils. However, as legumes are usually irre-
placeable at the medium term for the recovery
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of the burnt soil N pool and dynamics, it should
be considered the utility of sowing a mixture of
legumes (especially Lupinus) and gramineous
species after the fires.

5. Conclusions

1. In the burnt soil, plant growth was better for
Lolium than for the three legumes tested, re-
gardless of whether poultry manure was added;
this was beneficial for the four species tested.

2. Lolium and Lupinus can retain the post-fire
pulse of available N within the soil-plant system,
thus preventing N losses due to leaching and
erosion.

3. The combination of applying poultry manure
and sowing Lolium may offer the best technique
for securing immediate post-fire protection of
the soil and its nutrients against erosion and
leaching; nevertheless, the combined sowing of
Lolium and Lupinus could offer the most useful
medium-term solution.
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