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Adaptative Strategies of Mediterranean Flora in a Weed and Ruderal Eoviroemet : Studies in Andalusia, Spain J . E . Hernandez BERMEJO, A. Pojadas SALVO, B. Hidalgo MORILLO and M. Clements MUNQZ Catedra de Botaniea Agricola & Jardin Botanic© de Cordoba Universidad de Cordoba. Apdo. 3048. 16071 Cordoba Spain



SUMMARY The weed and ruderal flora of a wide area of Andalusia, Spain, characterized by strictly Mediterranean flora, vegetation and climate is studied. The selection of taxa, biotypes, phenological strategies at a specific and soicological (synousies) level, reproductive potential, persistence and diaspore models as well as the biogeographical nature (chorological elements) t h a t the different degree of human intrevention and agricultural activity have on Mediterranean flora are also analysed. In this way, it is possible to establish which are the models, life cycles, origin, evolution and adaptability strategies of Mediterranean flora with respect to the agricultural transformation of its natural environment. The richness and diversity of this flora (almost 1000 species in a cultivated area of 723.700 ha. with a prevalence of like families Asteraceae, Fabaceae and Poaceae is commented. Some genera such as Trifolium, Euphorbia, Vicia, Silene, Ononis and Centaurea are higly represented in the different agrosystem models present, and different biotype spectra and life cycles as well as a different chorological nature of the integral t a x a are found, allowing for the establishment of dynamic derivation model among the different agrosystem floras.



DESCRIPTION OF THE STUDIED AREA



The study of the adaptive strategies of the weed and ruderal flora has been developed in Cordoba, one of the eight provinces which make up the Andalusian region of Spain. Cordoba with an area of 13.178 km 2 is located
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in t h e basin of t h e Guadalquivir river. This area, typically representative of t h e S o u t h e r n half of t h e I b e r i a n Peninsula, situated between t h e 37° 1 1 ' and t h e 38° 44 paralles, is divided into four big n a t u r a l zones, t w o of t h e m with a n accidental orography; 1) T h e Sierra Morena i n t h e N o r t h with acid Palaozoic s u b s t r a t a a n d 2) T h e Subbaetic Mountains w i t h calcareous mesozoic s u b s t r a t a . T h e other t w o h a v e more intensive agricultural development 3) T h e Guadalquivir valley of q u a n t e r a r y origin a n d 4) T h e low a n d high countrysides on cenozoic s u b s t r a t a . T h e climate is continental - m e d i t e r r a n e a n : thermic i n t h e Guadalquivir valley a n d t e m p e r a t e sub - h u m i d i n some areas of t h e Sierra Morena. The average t e m p e r a t u r e s fall n o t lower t h a n 3°G during t h e winter while in t h e s u m m e r t h e y reach u p t o 40° t o 42° and, exceptionally, reach extremes of - 9 ° i n winter a n d 48° in summer. I t ' s a n n u a l average rainfall oscillates between 410 a n d 990. m m , depending on t h e region, w i t h a seasonal distrib u t i o n which c a n be t r a n s l a t e d into a xeric s u m m e r period ( P < 2T) from t w o t o four m o n t h s . T h e p o t e n t i a l vegetation shows a strong h u m a n i m p a c t ; v e r y ancient settlements a n d cultures a n d a large agricultural development. Deforestation and fires have caused t h e original Quercus rotundifolia a n d Pirus bourgeana forests i n t h e N o r t h e r n p a r t of t h e province a n d t h e thermic evergreen o a k (with Chamerops humilis a n d Pistacia lentiscus) in t h e S o u t h e r n p a r t , t o b e come areas or t o be in stages of substitution Populus groves i n t h e Guadaloxycarpa, quivir river, t h e riparian vegetation of t h e Sierra Morena (Fraxinus Alnus glutinosa, Securinega tinctoria a n d Nerium oleander, a n d t h e one i n t h e southern b a n k s w i t h Tamarix africana a n d Nerium oleander have also been destroyed. The present a n d partially degraded flora of t h e province doesn't only shelter itself i n those n a t u r a l relict areas of vegetation b u t i t has also largely i n v a d e d t h e w a s t cultivated area (7.237 k m 2 or 55 % ) of t h e province where it is considered weed flora in t h e crops. I t has also sheltered itself in bordering agricultural systems like crop edges, slopes, ditches or u n c u l t i v a t e d l a n d s . T h e species which constitute these weed a n d ruderal environments m a k e u p 50 % of t h e provincial flora. F r o m t h e taxonomical a n d ecological point of view, weed a n d ruderal flora i n t h e province Cordoba has been studied b y t h e authors of t h e present w o r k . i n t h e last few y e a r s ; HIDALGO (1982), HIDALGO a n d CLEMENTE MUNOZ
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593 (1984),



PUJADAS SALVA (1986) a n d HIDALGO a n d HERNANDEZ BERMEJO (1986). TAXONOMIC AND CHOROLOGIC NATURE OF WEED AND RXJBERAL FLORA During t h r e e years of exhaustive prospecting on cultivate field nine h u n d r e d a n d forty one species were found belonging t o 81 families of Magnoliopsidae. Three of t h e m (Cornpositae, Leguminosea and Gramineae w i t h more t h a n 100 spp. each) nearly compose 40 % of t h e t o t a l . Umbelliferae, Labiatae a n d Cruciferae include more t h a n 40 spp. each one. Tablo 1 shows t h e s u m m a r y of t h e 22 m a i n famillies. As can be seen, t h e richness of some of t h e m , goes parallel t o their I b e r i a n q u o t a t i o n , while Amaranthaceae, Solanaceae, Malvaceae, Pofygonaceae and Papaveraceae reveal their special preference t o r u d e r a l a n d weed h a b i t a t s . Some genus include a high n u m b e r of weed species (e.g. Trifoliuin (22) Euphorbia (18), Vicia (16) Silene (14), Ononis (12) a n d Gentaurea (10). Table



Compositae Leguminoseae Gramineae Umhelliferae Labiatae Cruciferae Caryophyllaceae Scrophulariaceae Liliaceae Euphorhiaceae Boraginaceae



*



**



136 114 103 44 43 41 36 35 24 21 20



18 24 21 21 17 14 13 13 17 30 22



1 ••;••



Ranunculaceae Pofygonaceae Papaveraceae Chenopodiaceae Rubiaeeae Amaranthaceae Geraniaceae Malvaceae Rosaceae Cislaceae Solanaceae



19 18 18 16 13 12 12 12 12 10 10



** 14 39 35 29 15 92 22 40 40 13 63



Summary of the main families (* number of weed species catalogued; ** : % on the total amount of species in the Iberian Peninsula).



Richness a n d v a i r e t y of t h i s flora depend on t h e p a t t e r n of t h e agricult u r a l system : olive a n d non - irrigated orchards h a v e t h e biggest floristic richness a m o n g t h e cultivated ones (536 species catalogued). A n n u a l n o n irrigated crops keep less t h a n a half of this v a r i e t y : between 180 a n d 230 species have been catalogued in cereals w i t h a w i n t e r - spring cycle : w h e a t , barley, oats; between 120 a n d 150 spp. in beet, b r a o d beans a n d colza crops;
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also between 100 a n d 145 species in n o n irrigated s u m m e r cycle crops (sunflower, chickpeas, safflower). I r r i g a t e d crops mitigate ecological limitations imposed b y t h e m e d i t e r r a n e a n hydric shortage, b u t t h e y also produce a stronger simplification in t h e flora; it decreases to 175 zspp. in orchards and vegetable crops while in t h e irrigated herbaeeus extensive crops, it decreases between 60 a n d 75 spp, in t h e spring cycle (wheat) as m u c h as in t h e s u m m e r one (sunflower, - corn, cotton, tobacco), The distribution of t h e v a r i e t y in agricultural systems with ecotonic or lineal characteristics is n o t uniform due to t h e influence or ruderal flora a n d h u m a n beings. T h e highest fioristic richness is in slopes, ditches and crop edges (between 350 a n d 610 spp), suddenly decreasing t o 60 s p p . in fallows, u n c u l t i v a t e d lands a n d u r b a n - ways. T h e phytogeographical origin of this flora can be studied, analysing its represented fioristic elements. According t o Table 2 t h e m e d i t e r r a n e a n Table 2 Autochthonous fioristic elements



Holoartic Eurosiberian Paleartic Enroasiatic Pontic Irano - Turanian Eurimediterranean Cireummediterranean Western Mediterranean Ibero - African Endemic - Iberian Cosmopolitan Subcosmopolitan Paleotropical Submediterranean Atlantic Saharo - sindic



Allochthonous fioristic elements



*



**



9 3 76 5 24 45 177 162 107 105 41 15 34 19 37 1 2



1.0 .3 8.1 .5 2.6 4.8 18.8 17.2 11.4 11.2 4.3 1.6 3.6 2.0 3.9 .1 .2 1



Spontaneous Neotropical Central American South American North American Central Asiatic Middle - East African Subspontaneous Neotropical South American North American Chinese - Japanaise Central Asiatic Middle - East Eastern Mediterranean African Eurosiberian Eur oat! antic



*



**



10 10



1.1 1.1 .2 1.1 1.3 .1 .1 .2



• 10 11 1 1 2 1 4 4 2 16 6 4 1 1 941



.1 .3 .4 .4 .2 1.7 .6 .4 .1 .1 100%



Summary of the fioristic elements (* : number of species; ** : % in reference to the total).
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elements are the most quoted; they occupy 62.8 % of the flora, among the endemic species (4.3 % ) , Ibero - African (11.2 % ) , Western - Mediterranean (11.4 %) and Circnmmediterranean (36.0 %), The Irano - Turanian and Pontic (7.4 % of both), Paleartic (8.1 % ) , Allochthonous (8.5 %) and Submediterranean (4 %) are also significantly quoted. The rest of them are scarcely represented, though Cosmopolitan and Subcosmopolitan are important in some agricultural systems. This structure of the chorological elements depends closely on the agricultural system : mediterranean components prevail in olive and non - irrigated orchards, as well as in slopes and crop boundaries; among them, the most quoted are the most estenochorus; thus these agricultural resources are important to preserve the highest biological interest and endemic flora. Mediterranean components become more eurichorous in the extensive non - irrigated crops and are, partially substituted in irrigated ones by progressively cosmopolitan elements. Allochthonous, cosmopolitan and paleotropical elements displace the mediterranean species in some irrigated crops (cotton, tobacco) almost enterely, as well as in gardens and urban - ways. ADAPTIVE STRATEGIES



3.1 Biotypes The nine hundred and forty one species computed, show different biotypes according to the following percentage : therophytes (55.9 % ) , hemicryptophytes (23.3 %), geophytes (8.2 %), phaneropliytes (7.3 % ) , camephytes (4,7 % ) . hidrophytes (0.5 % ) . The most frequent biotypes among the therophytes are the erect ones, followed by the climbing ones (both 9.3 % ) , The most usual ones are the hemicryptophytes which are also erect (14 %), followed by biennial cespitosus and rosulaceous (all three 8.5 %), The bulbous geophytes and rhizomatous ones totalize 79 %, while suffuticose camephytes and nanophanerophytes are the most quoted among the woody species with aereal buds. The structure of present biotypes depends closely on the agricultural system : the highest therophyte percentages are quated in the non - irrigated crops (values of 75 % in cereals and 87 % in beet and broad beans); winter spring irrigated crops also show this behaviour (82 % therophytes in irrigated wheat). But the geophyte percentage increases over the average values, reading 12.5 % in horticultural and summer - irrigated crops (sunflower, cotton, corn). Camephytes, hemicryptophytes and geophytes shelter in crop
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boundaries, slopes a n d edges, decreasing t h e t h e r o p h y t e percentage even less t h a n 50 % . Olive groves a n d vineyards keep shoving a high t h e r o p h y t e percentage (60 % ) , in spite of their ability as perennial species t o shelter a r o u n d olive trees a n d vines' edges. H i d r o p h y t e s shelter in ditches a n d in t h e borders of irrigation channels, 3.2 Patterns



of Biological



Cycles.



Synusiae



A general t e n d e n c y to phenological similarity w i t h t h e crop camouflage system, can be seen in t h e weed, which helps largely to avoid anthropozoogena e r a d i c a t i o n (weeding). This gives rise to synusiae or phenologically sequenced communities a d a p t e d t o regional crop cycles. Phenological simil a r i t y is often correlated to t h e t a x o n o m i c one : species from t h e same family or genus belong t o t h e same synusia, or show v e r y similar cycles i.e. The Fumaria, Papaver, Geranium, Medicago, Trifolium a n d Bromus genera. Synusiae and quoted cycles can be divided i n t o : A)



Winter



cycle



I I characterises t h e weeds of winter - spring crops (wheat, beet, b r o a d beans, garlic). I t can be divided into : a) Short winter cycle : Species of winter or a u t u m germination w i t h less t h a n five m o n t h cycle; flowering in F e b r u a r y or March a n d fructificating between March a n d April; t h e y dissappear a t t h e first s y m p t o m of w a t e r shortage a n d high t e m p e r a t u r e s a t t h e end of April, beginning of May. This early synusia is composed b y : Veronica hederifolia, Stellaria media, Lamium amplexicaule, Capsella spp. Poa annua, Fumaria parviflora, F. officinalis, Diplotaxis virgata, D . catholica, Arabidopsis thaliana, Sinapis alba, S. arvensis, Fedia cornucopiae, Calendula arvensis, Cerastium glomeratum, Galium tricornutum G. verrucosum a n d Erodium malacoides, a m o n g others. b) Long winter cycle : Species which resist t h e above m e n t i o n e d low water season, remaining in t h e crop until harvest. Their cycle period oscillates between five a n d nine m o n t h s . A m o n g t h e m : Silene siricta, Vaccaria muricatus, Medicago nigra, lalifolia, Anacyclus clavatus,



hispanica, Vicia lutea, V. saliva, Scorpiurus Hirsckfeldia incana, Papaver rhoeas, Linaria A. radiatus, Silybum marianum, Ornithogalum
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narbonense, Avena sterilis, Phalaris minor, P. brachistachis, Lolium rigidum. Besides these, some longer cycle species Mdiich remain in a rosetta s t a t u s w i t h a t e n d e n c y to behave as biennial a n d which flower a t t h e begining of t h e summer period in t h e s u m m e r crops (chickpeas, sunflower, cotton, corn). A m o n g t h e m : Daucus muricatus, Ridolfia segetum, Torilis nodosa, Andriala integrifolia, Picris echioides Cichorium intybus, Lactuca serriola a n d Pulicaria paludosa. B) Summer



cycle



I t characterises t h e weeds in summer crops (sunflower and chickpeas in n o n - irrigated crops, cotton and corn in irrigated ones). T h e y usually germinate between April and May although t h e y are sometimes delayed because of herbicide t r e a t m e n t s . Occasionally, show spaced germination even in s u m m e r m o n t h s - specially in irrigated lands - Their cycle relatively quick, only sometimes reaches t h e end of S e m p t e m b e r , riping, usually, between J u l y a n d August. I n n o n - irrigated crops this summer synusia is m a d e u p of species like Amaranthus albus, A. blitoides, Chenopodium album-, Ch. opulifolium, Ch. vulvaria, Ridolfia segetum, Heliotropium europaeum, PI. supinum, Crozophora tinctoria, Polygonum aviculare, Reseda phyteuma, Convolvulus arvensis, Ecballium elaterium, Kicksia lanigera, Lactura serriola and Picris echioides, and in t h e irrigated crops hj : Amaranthus albus, A. blitoides, A. hybridus, A. retroflexus, Portulaca oleracea, Polygonum aviculare, Chenopodium murale, Ch. opulifolium, Ch. vulvaria, Convolvulus arvensis, Solanum nigrum, Sorghum halepense, Echinochloa colona, E. crus - galli, Paspallum paspalodes, Setaria pumila, S. verticillata, Cyperus rotundas, etc. 3=3 Reproductive



strategies



A d a p t i v e strategies to weed a n d ruderal h a b i t a t s n o t only depend on t h e biotype, or t h e a d e q u a t i o n of t h e biological cycle t o t h e crop h a b i t a t b u t t h e success of t h e weed also depends on : a) Camouflage systems, which n o t only cause similarity between biological and crop cycles, b u t also influence several aspects related to similarity like biotypes and general morphology in t h e p l a n t Bulbous geophytes as Ornithogalum narbonense a n d 0. umbellatum successfully against Allium sativum in garlic crops. Weeds like Lolium rigidum, Phalaris spp. a n d oats, cause r e m a r k a b l e damage to w h e a t in winterspring cereal crops, while summer
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cycle graminae like Sorghum halepense and Echinochloa spp. grow successfully in corn crops. The Melilotus, Vicia and Medicago species are important in broad beans, and Ridolfia segetum in anise crops. Sometimes phylogenetic camouflage is caused by chemical weeding. Taxonomically close species avoid non dangerous treatment to the crops through a structure sensitive to herbicides, similar to the crops, (i.e. Dipiotaxis spp. in colza crops and Papaver spp. in opium - poppy crops). Mechanical weeding camouflage (tillage) can also be seen in some climbing therophytes' (Vicia spp. Galium spp. Fumaria spp); ravelling and hiding between the sowing lines. b) Competence and efficiency occupying of space. Besides the hemicryptophytes, many other erect therophytes and heniicryptophytes settle successfully in agricultural systems, owing to the quick and extensive occupying of space carried out by basal leaves which are later decreased by the plant growing and flowering (i.e. Silybum marianum, Onopordum spp. Cynara spp. Scolymus hispanicus, big macrohemicryptophyte and macrohemicryptophyte thisties). Some other occupational strategies are developed by cespitose therophytes and hemicryptophytes like Poa annua, Mi achy podium spp. Vulpia spp. as well as by rizomatous geophytes and creeping hemicryptophytes like Cynodon dactylon and Sorghum halepense. c) Efficiency in pollination and reproduction valuation. An approximate coeficient of the reproductive efficiency can be calculated by a comparison of the energies used in flowers and seminal primordia as well as viable seed productions, independently of pollination mechanisms. The following coefficient for the main infectinge in the crops, has been calculated in this catalogue : * Number of ripen fruits X number of seeds/fruit effiency = 100 x • •• • Number of flowers/shoot X number of ovules/flower Thus remarkable differencies in the r strategies (high taxa reproduvction) display are obtained in relation to their efficiency. Very low RR ( < 20) values appear in Xanthium spinosum, low (20 < RR ^ 40) in Calendula arvensis and Veronica spp., medium values (40 < RR < 60) in Stellaria media, Solanum nigrum, Arum italicum, Aristolochia longa, high values
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(60 < RR < 80) in Capsella spp., Phalaris spp. Fumaria parviflora, Anagallis arvensis, Conyza spp. Diplotaxis virgata, Silybum marianurn and Urtica urens, very high values (80 < RR ^ 100) in Convolvulus arvensis, Anacyclus radiatus, Cynodon dactylon, Chenopodium album, Fumaria officinalis, Poligonum aviculare and Coronopus didymus. d) Germination efficiency is an aspect still unstudied in this work but whose different strategies can be determined a priori : few of them are connected to the lack of dormancy mechanism or to the production of heterogeneus seeds, according to the environment which means vigorous germination. Some others are connected to the development of time dispersion mechanisms, owing to heterocarphy, to diferentiel ripeness or to any other system producing physiologically heterogenea seeds. CONCLUSIONS



The tendencies found for the adaptive stratagies of wTeed and ruderal flora. A dynamic derivation and relationship between the agrosystems is suggested. Those system which have a greater number of species and in those where mediterranean chorological elements previa! especially the most estenochorous (Iberian and Ibero - african endemisms) are the olive groves and fruit orchards in non - irrigated lands, These is a relatively high percentage of therophytes, as well as a certain % of perennial biotypes which shelter themselves in the edges of the trees; several life cycles are superimposed throughout the year giving rise to at least 3 synusiae. In the annual non - irrigated crops (wheat, barley and broad beans) an elimination of the most estenochorous elements in the flora occur (although it continues to be predominantly mediterranean). There is also a shortening of the cycles (the summer cycle disappears) and a predominance of therophytes (biotypes which spreads to 90 % of the species); and the floristic diversity decreases in over 50 % being even smaller in non - cerae! crops where weeding is more intensive. Summer non - irrigated crops (sunflower, safflower and chickpea) produce a notable change in the phenology of the species present, although they continue to be eurimediterranean. Irrigated crops cause another decrease in diversity. The loss in mediterraneanism caused by the improvement in the liydric conditions of the soil as a result of the irrigation is made evident by : a) a loss of mediterranean elements b) an increase in the cosmopolitan elements; c) an decrease in the % of therophytes and an increase in the % of geophytes.
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If besides the irrigation, the crops belong to the summer cycle, these tendencies become even more notable. There is an appearance of a significant % of allochthonous species which together with the decrease in the number of species give rise to an impoverished flora quite distant to it mediterranean origins and supported only by man's intensive influence. Among the ruderal and ecotonic agrosystems, not directly involved with the crop, the conservative role of the perennial biotypes, the estenochorous mediterranean elements and the specific high diversity of slopes, edges, ditches and crop boundaries stands out. Other adaptive strategies were, also found in specific crops : geophytes in bulbous crops; Gramineae of tropical origin and summer cycles in wheat and corn; macrotherophytes with a summer phenology in slopes and periurban wastelands, etc.
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In this way, it is possible to establish which are the models, life cycles, origin, evolution and ... The other two have more intensive agricultural development. 
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