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Abstract

Sown Biodiverse Permanent Pastures Rich in Leg8BBPRL) is a pasture system for Mediterranean
climatic areas mixing a large number of pasturesigs and cultivars, with a predominancd ofolium
subterraneumsSince the nineties, it rapidly expanded in Patwlye to its high dry matter yields (DM)
and C sequestration rates in soil organic mattéhofigh without clear experimental evidence, it is
currently admitted that SBPPRL are able to adjodt spatial heterogeneity and to reflect interainua
climate fluctuations.

The study was realised on a SBPPRL sown in 2001omxad farm located in “Serra da Estrela”, the
main agricultural mountain system of Portugal. €fects of two explanatory variables — “Year-clieiat
(moderately dry in 2007-2008 and humid in 2009-2040d “Slope” (three positions: hill shoulder,
backslope and footslope) — on the floristic comiasiwere explored. Three botanical levels of asialy
were used: all species, sown species Bnslibterraneuncultivar levels. The statistical significance and
the influence of the two explanatory variables loa plant composition varied between these thresidev
The distribution ofT. subterraneuncultivars along the microtopographical gradienswangruent with
their life cycle duration: short-cycle cultivarschhigher relative cover in uphill plots while lormgeycle
cultivars tended to dominate down the slope. Difgrg the sown species/cultivar colonists’ pool in
seed pasture mixtures appears to favour microtapbig gradients and interannual climatic fluctuatio
tracking. Sown species diversity affd subterraneuncultivar diversity are complementary in this
process; they promote, respectively, interannumhatic and microtopographic gradients fluctuation
tracking.

Keywords: subterranean clover, pasture legumesygascology

Introduction

In the seventies, the Portuguese agronomist Davésd® devised a new pasture system — the Sown
Biodiverse Permanent Pastures Rich in Legumes (BBPP mixing a large number of improved pasture
plants with a Mediterranean optimum. The SBPPRL icaolve up to twenty different pasture plant
species and cultivars, the majority of them sejjereerating winter annuals (only grasses are pagnni
Trifolium subterraneurbeingthe preponderant species.

FERTIPRADO (2011), the main pasture seed provigerPortugal, blends its SBPPRL mixtures
according to three criteria: soil texture, soil pHd mean annual precipitation. In these mixturesy t
variable group of pasture species with differemiegical requirements are added several cultivarb. o
subterraneuntovering a considerable life cycle length spectrlimsubterraneuntultivar selection in
agronomic practice depends on the date at whiclstarei stress can be expected to occur and theofime
flowering required to allow the maturation of adatguseed before this occurs#SHAM, 2003). Pasture
improvers and seed sellers currently determineetivs factors by mean annual precipitation and the
date of the cultivars’ first flowerd.. subterraneuns a cleistogamic species, its natural populattmiag
constituted by pure lines @zNELSON, 1974). Consequently, morphologically consisteultivars
should be recognized several years after pastwimgo

Several reasons explain SBPPRL rapid expansiomitugal. The foremost cause that they are more
productive than semi-natural dry-pastures. In @& fpear study in Southern PortugakhRBIEIRO et al
(2005) found that SBPPRL had an average stockittg 145% superior to contiguous semi-natural
pastures (0.86 vrs. 0.35 LU¥rp=0.03, paired t-test). In the DM vyields summedisn table 2 for the
year 2007-2008 in Quinta da Franca, Portugal, BBFRL total DM production was 347% higher that
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its nearby semi-natural pasture (6.15 t DM.kies. 1.77 t DM.h&). All the available empirical evidences
points to superior productive characteristics oPERL when compared to semi-natural pastures, even
under similar chemical fertilization schedulese®EIRA, 2010). In Mediterranean Portugal areas,
CRESPO(2011) reported on SBPPRL yields of 4 - 8 t DM.ya", with more than 50% of legumes, and
with production costs of about 15-20% of the commbteed costs. SBPPRL’s have other advantages. In
Mediterranean territories with large semi-naturaydmeadow areas (e.g. sub-humid to humid
supramediterranean mountains), the SBPPRL DM ptadupeak coincides with the period when hay-
meadows are closed to herbivores to allow hay dro%®, the integration of hay-meadows and SBPPRL
can optimize fodder production at the farm-level] have a favourable impamh the conservation status
of an important Natura 2000 habitat, fully dependmmn agricultural management AHAD et al, 2011).

In soils with a low soil organic matter (SOM) comtea general consequence of a millenary cereal and
fallow rotation used in the Mediterranean basine t8BPPRLs exhibited a remarkable carbon
sequestration in SOM performance achieving 5bar* CO.e (TEIXEIRA et al, 2011). The Portuguese
government is now paying carbon sequestration oaraa of up to 42’000 ha of SBPPRL, that could
reach 0.91 x 10t of CQe from 2010 to 2012. Finally, it is also importaémistate the easy conversion of
former agricultural soils to SBPPRL, their pergiste in time (there are functional SBPPRL of mowenth

25 years old) and their simple and low cost maites.

The SBPPRL address a classical subject in commuaablogy: the effects of species diversity on
ecosystem function. Pasture plants and commuriitige been a favourite experimental subject in these
studies, with much scientific evidence producedh{BANERA et al, 2006). Empirical evidence
accumulatedduring the past decades shows that pastures sotlinspecies diverse seed mixtures are
more productive (CARK, 2001). Diverse pastures are also expected tedsedermeable to spontaneous
species of low palatability and feed valuRARKOW-LINDBERG et al, 2009), to track environmental
heterogeneity (&\DERSON et al, 2004) and to withstand extreme climate fluctuadi (TLMAN &
DOWNING, 1994). In spite of its obvious agronomic relevgnihe majority of the published results on
pasture diversity effects on ecosystem functioregvearried out on a small scale with strictly colteed
experimental conditions ¢®STAD et al, 2003), involving a small number of specie®ESN et al,
2005), in homogeneous soil conditionsA®YER et al, 2008) and during short time span®ROINALE

et al, 2007). Furthermore, these studies rarely brotightanalysis to the cultivar level (intraspecific
diversity).

At the microtopographical scale (local relief) stomfluences key environmental factors important in
plants - soil relationship (8ANSON et al,, 1988). ®MEZ et al. (1978) proposed the slope system as the
most appropriate model for the study of Meditereanderbaceous communities subjected to grazing.
Later authors have explored microtopographic gradeéfects in herbaceous Mediterranean community
attributes (e.g. species richness) on small spatiales (e.g. sEM et al, 2002; Bco et al, 2006).
Besides slope, the floristic structure of Meditegan annual pastures is also remarkably sensitive t
annual rainfall fluctuations, asRDEGA & FERNANDEZ ALES (1987) or FGUEROA & DAvID (1991)
demonstrated in southern Spain.

It is expectable that species diversity in pastuvilshave a stronger effect on productivity in ftats

with patchy resources that fluctuate over time.sThitative positive effect is probably amplified in
Mediterranean therophytic plant communities (andomwn SBPPRL) where plant recruitment restarts
with the first rains each autumn. This fundamemiaéstion hasn’'t been properly addressed, and the
published bibliography about it is scanty and nefgs straightforward (\WCKER et al, 2008).

Due to their species-genotypes diversity, SBPPRLtlaen expected to be able to track and tune to the
spatial and temporal heterogeneity of Mediterrarsals. Three hypotheses will be tested is thisepap

1) Do SBPPRL track slope system microenvironmemisy@ 2) Does the same happen with interannual
climate fluctuations? 3) Do the SBPPRL responséisdse microenvironments spatial arrays and clanati
fluctuations occur at the sown species &ndubterraneuncultivars levels? If SBPPRL are an agronomic
solution these hypotheses should be tested by \@igmral studies under farm conditions at the plant
community scale.

Materials and methods

A stabilized SBPPRL was selected on a private faiQuinta da Franca (Covilh&, Portugal), 40° 16°N 7
30" W, ca. 425 m MSL - located on the lower easitata slope of the highest continental Portugal
mountain, the Serra da Estrela. This sward was sownable land in 2001 with a commercial SBPPRL.
Since then it was intensely grazed with cattle simeep and annually fertilized with 27 kgD ha’.
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The studied SBPPRL is located on a gentle slogegrnite hill with 20 m elevation and 380 m length
Three clear microtopographic positions accordingthiie simplified slope form model of URE &
WALKER (1969, cit. BRKLAND, 1999) were identified: hill shoulder, backslopel dootslope. In 2007-
2008 and 2009-2010, four sampling squares (sedtifandom sampling) were randomly located on each
position. In the third week of May of 2008 and 20%pecies cover was evaluated by use of the point-
quadrat method, with a frame of 70x70 cm with 4t Plant species were identified to the species
level or to the cultivar level in the caseTof subterraneumEach of the quadrats was protected with an
exclosure cage during the previous three weekspghed of higher DM accumulation). DM yields were
evaluated in 2007-2008 in exclosure cages thatewtaround the quadrats. Soil samples were caflecte
nearby the quadrats of 2009-2010.

The 2009 spring was exceptionally dry and the SBPR&s impossible to sample. 2007-2008 and 2009-
2010 agricultural years were, respectively, moddyadry (589 mm) and moderately wet (1023 mm)
(annual rainfall mean of 781 mm). Temperature irgkgof the two growing seasons were close to the
mean.

In order to identify theT. subterraneuncultivars sown in Quinta da Franga, and to evaldhaeir life
cycle length, a seed collection of the sameubterraneunsultivars was sown in the autumn of 2007 in a
greenhouse. To simulate herbivory, plants were @anglipped when reaching 5 cm. The collection
was visited two times a week; the date of the flstrers was registered and used to order theveuls

life cycle length. Of the five cultivars originalgown in Quinta da Franca it was possible to disicrite
morphologically ‘Campeda’ + ‘Woogenellup’, ‘Denmark'Gosse’ and ‘Losa’. ‘Campeda’ and
‘Woogenellup’ were difficult to separaté&. subterraneumGosse’ is a selection of subapxaloides(=
subspyanninicun); the remaining cultivars belong to subspbterraneum

All the sampledr. subterraneurplants in Quinta da Franca were similar to ontheffour sown cultivars

or cultivar groups. Nevertheless, a biunivocal espondence between them involves some uncertainty
because the ingress of autochthonous lines withlasirmorphology to the sown cultivars in the
SBPPRLs cannot be excluded. However, autochthoiousibterraneungenotypes are probably less
competitive in nutrient equilibrated soils than noyed genotypes. On the other hahdsubterraneuns
rather uncommon in the semi-natural pastures ohf@uda Franca, and appears to come from the sown
populations.

The floristic data was explored at the communityelewith the multivariate ordination algorithms
available in the CANOCO programg® BRAAK & SMILAUER, 2002). The floristic data — number of pin
contacts per species or subterraneuncultivars — was standardized by the norm to endaine effect of
species/cultivars relative cover on the ordinatign®etrended Correspondence Analysis (DCA) showed
that the species turnover was low and that lingaination methods use is recommendable (PCA
[principal component analysis] or RDA [redundancyalgsis]) (LEPS & SMILAUER, 2003). Two
explanatory variables were considered: “Year-clehgdummy variable, expressed in the ordination
diagrams — figs. 1 and 2 — with the 2009 and 2(dlles) and “Slope” (semi-quantitative variable with
three levels: hill shoulder, backslope and foots|aprows in the diagrams point to uphill positjons

RDA models and Monte Carlo permutation tests weetluo partition variation and to test the effaxfts
each explanatory variableer se “Year-climate” and “Slope” were used alternativels explanatory
variables or co-variables. They could be consideedrossed environmental factors and their eff@cts
species variation partitioned with RDA models f@ptreasons: (1) each year, with the first autunimsra
there is a restart of the SBPPRL and of the semirabpastures flora; (2) the quadrats moved freely
inside each slope position between years. A sfdit-geesign with restricted random permutations mith
each year or each slope position ("design-basedlora permutations) was adopted (for theory seesSL

& SMILAUER, 2003). This test is much more restrictive thae fpermutations. Point quadrat pin contacts
were previously log transformed due to their huggation between samples. Three botanical levels of
analysis were explored in variation partition: glecies level, sown species level, dndubterraneum
cultivar level. After confirming residuals normalitand variance homogeneity (Shapiro-Wilk and
Levene’s tests, data not presented) one-way orway-ANOVA were applied to soil fertility, DM
production and'. subterraneungultivars relative cover.

Results and discussion

From the original sown mixture, five species wetié detected in the studied SBPPRAstragalus
(Biserruld) pelecinusTrifolium subterraneuml. michelianumT. resupinatunandDactylisglomerata
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TheT. subterraneunagultivars sown in Quinta da Franca sward wererdjsished based on the following
characters: ‘Losa’ — hirsute twigs; ‘Denmark’ —lgieus petioles and stipules; ‘Gosse’ — sparselgusl
petioles, glabrous stipules; ‘Campeda’ + ‘Woogang@lF villous petioles and stipules. The order lod t
timing of flowering was: ‘Losa’ (an early seasonltear); < ‘Goss’, ‘Campeda’ and ‘Woogenellup’
(middle season cultivars) with a few days of diéfere between them, almost two weeks after ‘Losa’; <
‘Denmark’ (late season cultivar), one week afteddie season cultivars. To avoid flowering time
redundancies and eventual identification errorsldiei season cultivars were merged into one group.
Soil fertility parameters and DM production are tsgdly variable across the studied SBPPRL (tables 1
and 2). P - trend along the slope system is diffituinterpret. SOM was smaller in the hill shoedd
although without a statistical confirmation, thengaoccurs with KO.

Table 1. Soil fertility data from the studied SBRPRmean values, Quinta da Franca, Portugal).
Analytical methods: soil organic matter — Walklelagk; POs and KO — Egner-Riehm. One-way

ANOVA. Significant values (P < 0.05) are highlighten bold. Different letters indicates significant
differences between explanatory variables leved® (5, Tukey’s HSD test).

P,O5 K,0O Soil organic pH Hy,0

(mg.kgh) (mg.kgh) matter (%)
Hill shoulder 94 120 118 5.2a
Backslope 114 128 3.6 4.
Footslope 6B 159 3.4 5.8
Mean 90 136 2.8 5.3
d.f. 2 2 2 2
p-value 0.039 0.179 <0.001 0.051

Table 2. Mean DM production (total and per fractiam 2007-2008 along the slope gradient in the
studied SBPPRL (Quinta da Franga, Portugal). OneAROVA.

Legumes Grasses Other plants Total

(DM kg.ha') (%) (DM kg.ha') (%) (DM kg.ha') (%) (DM kg.ha?)
Hill shoulder 2521 51.0% 928 18.8% 1490 30.2% 4939
Backslope 3358 51.0% 1344 20.4% 1883 28.6% 6585
Footslope 3215 46.4% 1640 23.7% 2074 29.9% 6929
d.f. 2 2 2 2
p-value 0.4 0.28 0.202 0.117

A PCA was performed with all sown and autochthorgpescies monitored in spring 2008 and 2010. The
first three axes explained 55.3 % of species dat@bility; the eigenvalue of the fourth axe wasatly
very low [\,=0.297,1,=0.143,15=0.120,2,=0.069]. The first axe was mostly correlated wittear-
climate” (r= -0.95). Not surprisingly “Year-climdtesignificantly (p=0.02) explained 27.3% of the
community variation. The PCA eigenvalues of axes@ 3 were alikerg=0.143,A3=0.120). The second
axe is difficult to interpret; probably reflectstleffect of soil compaction — a soil physical pagten hard

to evaluate in mineral Mediterranean soils — in gwmity composition. The “Slope” variable was
correlated with the third axe (r=-0.54), explain®@% (p = 0.03) of the species variation partitibhe
marginal effects in a RDA with a forward selectimirenvironmental variables confirmed that the sgeci
variability explained by the explanatory variabticreases in the order “Year-climate” > “Slope” and
that soll fertility variables exerted a smallereeff on the flora structure of the sward (data mes@nted).
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s 6]
© Trifolium glomeratum
Dactilis glomerata
Hypochaeris radicata Teifslitir i
Trifolium cernuum Brassica barrelieri
astium brachypetalum
Veronica arvensis .
Astragalus pelecihus
Spergularia capillacea e -
AZO'TO idini feasili Leontodon longirostris
Mﬂc&us

Agrostis salmantica A
Aphanes australis 2008
Plantago coronopus
Erodium cicutari
i . _Trifolium subterraneu .
Juncus bufonius . ) 3 Vulpia sp.pl.
o Sisymbrigm: officinale ch2maemelum mixtum
C,) Slope

Figure 1. PCA triplot — I and &' axes. Data gathered in a SBPPRL of Quinta da BréRortugal).
Variables are passively projected. In the figure @presented twenty one species with the higliest f
with the 29 and &' PCA axes.

Species of temporary wet soils likepergularia capillacea(Caryophyllaceag Trifolium cernuum
(Fabaceag Juncus bufoniugJuncaceag and Agrostis salmanticaPoaceag were promoted by wet
condition in 2009-2010 (fig. 1). The opposite hapgak in 2007-2008, a dry year. Downslope positions
favored perennial mesophyllous species (Bactylis glomerata Poaceaeand Hypochaeris radicata
Asteraceag (fig. 1). Annual species gained dominance at liie shoulder. Trifolium subterraneum
relative cover — but not legume biomass (table @ps higher uphill because temporary wet soilsisgec
response in 2009-2010 was higher in downslopeipositThe grass component in DM was also higher
downslope than in the hill shoulder, at least i022Q008 (table 2). The short cycle and ubiquistgga

of the genud/ulpia are abundant in all kinds of Mediterranean grgzastures, and gain relative cover in
dry years (fig. 1). Their short cycle releases thigam the effects of dry springs, like in 2008. T¢@me
happens with other species likeontodon longirostrigAsteraceag

“Year-climate” retained a significant effect on éoical composition at the sown species level (t&8ple
Sown species relative cover fluctuated slightlyisetn years, except féstragalus pelecinysvhich was
higher in 2008 (data not presented). In fact timeoneal of A. pelecinugrom the DCA model shattered the
significance of the “Year-climate” variable. In tiI8BPPRL of Quinta da Franca aerial seeding clover
species never surpassed a relative cover of 1%ttendominance of. subterraneumn the legume
fraction was absolute because grazing was intendecantinuous throughout the year. SBPPRLs with
higher covers of aerial seeding clovers probabbpoad more to annual rain fluctuations then its
intensively grazed counterparts. In fact there aragbnormal increase in aerial seeding cloversrcov
the wet spring of 2010, throughout moderately gie&BPPRL in Portugal.

“Year-climate” didn't had a significant effect ifi. subterraneumcultivars relative cover at the
community scale (table 3). Nevertheless an indaiidtic approach (table 4) showed that middle seaso
cultivars retreated in the wet year. Apparently #arly season cultivar (‘Losa’) relative coverdualed

the same trend, and the long season cultivar (‘Rekinthe inverse. Table 3 and fig. 2 reveal indtdaat
“Slope” had a strong and highly significant effactthe spatial distribution of. subterraneuncultivars

at the community scale: uphill position were maioblonized by the early season ‘Losa’; backslope is
the preferred microhabitat of the middle seasotivaul samples; and late season cv. Denmark largely
surpassed the other cultivars in the footslopevahmte statistics (table 4) confirm thRt subterraneum
cultivars are spatially segregated according tditeeycle length, although this effect is onlhatstically
significant with the short season ‘Losa’.
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T. subterraneum mid¢le season cultivars

Slope
T. subterraneum 'Losa

T. subterraneum 'Depmark’
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Figure 2.Biplot from a Principal Component Analysis — axearid 2 — with the data gathered in the
SBPPRL of Quinta da Franga (Portugal) Toisubterraneuncultivars. All variables passively projected.

Table 3. Variation partitioning of sown speciesTorsubterraneuncultivars composition. Significant
values (P < 0.05) are highlighted in bold.

Botanical level of analysis Explained Significance

Explanatory variable

variability (%)

Sown species level

Year-climate 14.7 0.05
Slope 2.9 0.65
T. subterraneuncultivars level

Year-climate 10.8 0.08
Slope 18.0 0.004

Table 4.T. subterraneuncultivars mean relative cover (%) variation betwgears and along the slope
gradient in the SBPPRL of Quinta da Frangca. Two-W&§OVA. Significant values (P < 0.05) are
highlighted in bold. Different letters indicate sificant differences between slope positions inshme

pasture type (Tukey’'s HSD

test).

‘Losa’ ‘Gosse’, ‘Campeda’ ‘Denmark’
and ‘Woogenellup’
(early season cv.) (middle season cv.'s) (late season cv.)

Year-climate

2007-2008 104 17.0 20.2
2009-2010 7.5 7.1 27.6
d.f. 1 1 1
p-value 0.503 0.015 0.270
Slope

Hill shoulder 21.3a 12.6 19.5
Backslope 3.1b 16.5 26.6
Footslope 2.4b 7.0 25.7
d.f. 2 2 2
p-value 0.002 0.125 0.627
Slope x Year-climate

p-value 0.695 0.445 0.482
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Conclusions

The statistical significance and the influence loé texplanatory variables “Year-climate” (a proxy
interannual climatic fluctuations) and “Slope” (aoxy of soil resources and soil proprieties spatial
variability) on the plant composition of the studliSBPPRL varied between the three botanical leviels
analysis: all species level, sown species leval, ansubterraneuncultivar levels. “Year-climate” and
“Slope” explained species variability reached a imann, respectively, at the all species ahd
subterraneumcultivar levels. The sown species pool in the igtldSBPPRL was impoverished by
intensive grazing, hampering a deep explorations@ivn flora dynamics at the community scale.
Anyway, “Year-climate” exercised a stronger andngigant control in sown species assembling then
“Slope”; the inverse occurred at tfle subterraneuncultivar level. T. subterraneuncultivars spatial
segregation was related to their life cycle lengiarly season ‘Losa’ reached higher relative couers
uphill positions; middle season cultivars were mooenmon in backslope positions; and the late season
cv. Denmark surpassed the other cultivars on thtslipe.

Diversifying the sown species/cultivar colonistsdop in seed pasture mixtures appears to favour
interannual climatic and microtopographic gradiehistuation tracking. Sown species diversity and
subterraneumcultivar diversity are complementary in this prese they promote, respectively,
interannual climatic and microtopographic gradierftsctuation tracking. Our data is merely
phenomenological: it corroborates the three hymmberesented at the end of the introduction sectio
but doesn't prove them.

The gathered information is also too scanty to lelgiscussion about the underlying mechanisms of
sown species and. subterraneuncultivars spatial and temporal accommodation i@ 8BPPRL'’s
ecological gradients. However, it was found that tfree slope positions were heterogeneous enough t
permit the reseeding of different cycle lengthsubterraneuncultivars. The reseeding probability and
intensity certainly is not similar for each cultiven each slope position, and culminates in a apati
distribution pattern of . subterraneungultivars that persists between years.
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