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RESUMO  

Os liquens produzem substancias com atividade biológica, que podem ser lixiviadas ao solo e 

exercer ação alelopática sobre a microbiota. Objetivando estudar a influência do talo liquênico 

de Cladonia salzmannii sobre a atividade microbiana e sobre os fungos micorrízicos 

arbusculares (FMA) foram realizados dois experimentos. No 1º experimento avaliou-se o 

efeito do líquen na atividade microbiana em área de cerrado de Alhandra, estado da Paraíba.  

No 2º experimento foi avaliado o efeito do talo liquênico na associação micorrízica e no 

desenvolvimento de plântulas de Genipa americana. No campo, embora o solo sob o tapete 

liquênico apresentasse menor biomassa microbiana, evolução de CO2 e hidrólise do diacetato 

de fluoresceina (FDA), e maior colonização micorrízica e esporulação de FMA em relação ao 

solo com ausência de liquens, não houve diferença estatística entre os tratamentos, fato que 

pode ser atribuído ao ácido barbático em baixas concentrações no solo. Para o experimento 

em casa de vegetação, o delineamento experimental foi do tipo inteiramente casualizado, com 

4 tratamentos (controle, líquen, líquen+FMA e FMA) em 5 repetições. Após 4 meses as 

plantas foram avaliadas quanto a altura, diâmetro do caule, biomassa seca e fresca da parte 

aérea e radicular, densidade de esporos de FMA e colonização micorrízica, avaliou-se 

também a quantidade de ácido barbático no solo. Não houve diferença entre os tratamentos 

para altura e diâmetro do caule. As plântulas com líquen+FMA possuíam maior biomassa 

seca e fresca, tanto da parte aérea quanto radicular. Embora o ácido barbático tenha sido 

encontrado em baixas concentrações no solo, os tratamentos com liquens apresentavam maior 

concentração desse ácido do que os com líquen+micorriza. 

Palavras chave: ácido barbático, Cladonia salzmannii, fungos micorrízicos arbusculares, 

alelopatia.                 
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ABSTRACT 

Lichens are know for being rich in substances considered asseing allelopathic or antimicrobial 

agents, which can be leached out from lichen by rainfall, and therefore the soil below is 

enriched by these compounds. Aiming to study the ecological role of these organisms, two 

experiments were performed. In the experiment 1 the effects of Cladonia salzmannii against 

microbial activity on sandy soils of Savannah-like ecosystem was evaluated. In the 

experiment 2 the effect of lichen thalli on arbuscular mycorrhizal fungi (FMA) and in the 

growth Genipa americana seedlings was analyzed. In the field, soils under lichen cover 

showed lower microbial biomass, CO2  emission and activity of fluorescein diacetate 

hydrolysis, and heigher mycorrhizal colonization and number of spores than soil without 

lichen, but was no difference statistical, fact that could be related to the barbatic acid low 

concentrations. The experiment in greenhouse was in a factorial randomized design of 4 

treatments (control, lichen, lichen+FMA and FMA) and 5 replicates. After 4 months the 

plants were analyzed with regard to the growth, stem diameter, dry biomass shoot, dry 

biomass root, number of spores and mycorrhizal colonization also was assessed presence of 

barbatic acid in soil. The growth parameters did not differ significantly among the treatments. 

The seedlings with lichen+FMA presented the highest dry and fresh of the biomass both shoot 

and root. The presence of lowest concentrations of barbatic acid in the soil was observed, 

although the lichen treatment had highest concentrations of this acid than lichen+FMA 

treatment.  

Keywords: barbatic acid, Cladonia salzmannii, arbuscular mycorrhizal fungi, allelopathy.               
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1. INTRODUÇÃO  

1.1 Generalidades  

Os solos são de fundamental importância à dinâmica da costa terrestre, tanto como 

suporte da vegetação natural dos ecossistemas, como para uso em cultivos. Em ambas as 

situações, a fertilidade natural é necessária para a manutenção das espécies vegetais e das que 

delas dependem (SILVA et al., 2003; KLIEMANN et al., 2003). 

Para isso, nos ecossistemas naturais a ciclagem dos nutrientes orgânicos e inorgânicos 

possibilita a transferência de sais necessários à nutrição das plantas. No entanto, os fatores 

envolvidos nesta transferência dependem sobremaneira das condições climáticas, onde a 

disponibilidade de água e altas temperaturas são parâmetros ideais para as reações químicas 

de transformação mineral e transporte/síntese de produtos entre solo e planta (REICHARDT 

& TIMM, 2004). Por isso, no domínio intertropical, sobretudo áreas de florestas, tais 

mecanismos são mais evidentes e dinâmicos.     

Por outro lado, antes da formação dos solos, os liquens exercem importante papel na 

pedogênese, visto que são capazes de habitar as rochas consolidadas, onde sais minerais não 

estão disponíveis para plantas que dele dependem. 

O líquen caracateriza-se por ser uma associação simbiótica entre fotobionte (algas 

verdes e cianobactérias) e micobionte (fungos), na qual o micobionte protege fotobionte dos 

extremos de temperatura e umidade, que em contrapartida oferece os produtos da fotossíntese. 

Dessa associação resultam muitas substâncias liquênicas que participam ativamente da 

dinâmica microbiana no solo, como também possuem grande espectro de aplicação 

biotecnológica (NASH III, 1996). 

Os liquens, tanto por ação física de suas rizinas como por ação química das 

substâncias liquênicas, contribuem na formação do solo e participam ativamente da ciclagem 

de nutrientes. Captam o que volatiliza do solo e, para ele liberam substâncias próprias de seu 

metabolismo, que funcionam de diversas formas na seleção da biota subjacente e/ou como 

quelantes de íons inorgânicos (LEGAZ, et al., 2006). 

O conhecimento dos fatores envolvidos e o estudo da relação líquen/solo bem como a 

influência destes sobre os microrganismos do solo são de fundamental importância para a 

compreensão da função ecológica desempenhada pelos liquens sobre seu habitat.    
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1.2 Liquens e Solos  

Os solos são originados de rocha, que por ação de processos físicos, químicos e 

biológicos de desintegração, decomposição e recombinação, se transformou, no decorrer das 

eras geológicas, em material poroso de características peculiares. São considerados 

complexos sistemas de componentes vivos: formado por raízes de plantas, populações de 

bactérias, fungos e animais e, não vivos: que inclui fragmentos de rochas, água, nutrientes 

minerais dissolvidos, espaços de ar e húmus (REICHARDT & TIMM, 2004; TAIZ & 

ZEIGER, 2004).   

Dentre os processos de formação do solo a degradação química, que é a 

alteração/transformação de alguns materiais das rochas se constitui como um dos mais 

importantes. Ao longo do tempo organismos alteram a composição química do solo. Os 

primeiros organismos a se instalarem sobre as rochas aflorantes da superfície terrestre são os 

liquens (LEGAZ, et al., 2006).  

Os liquens são organismos simbiônticos resultantes da associação estável e duradoura 

entre fungo (micobionte) e algas (fotobionte). Estima-se que existam cerca de 13.500 espécies 

de fungos liquenizados, correspondendo a 20% dos fungos conhecidos. A maioria das 

espécies fúngicas que participam da associação pertencem ao Filo Ascomycota ou, em menor 

proporção, Basidiomycota, cujos constituintes determinam a classificação dos liquens 

(HAWKSWORTH & HILL, 1984; NASH III, 1996). As algas são unicelulares, sendo 

comuns as clorofíceas e, o gênero Trebouxia presente em aproximadamente 70% das 

espécies. Além destas, também ocorrem espécies de Coccomyxa e Trentepohlia. Entre as 

cianofíceas, Nostoc e Scytonema são as mais freqüentes (MARCELLI, 2006). Visto se tratar 

de uma simbiose, algumas substâncias são sintetizadas pelo fotobionte, outras pelo 

micobionte ou podem ser resultante da associação.  

O fotobionte produz carboidrato, que é transferido ao micobionte de forma rápida e em 

quantidade substancial para transformação e acúmulo. O micobionte é responsável pela 

síntese de metabólitos secundários. Esta síntese ocorre por três vias metabólicas principais: a 

do ácido chiquimico, do ácido mevalônico e do acetato-polimalonato, sendo a maioria dos 

metabólitos secundários formados por esta última via (HAWKSWORTH & HILL, 1984; 

HONDA, 2006).  Desta forma, a liquenização pode ser considerada como uma estratégia onde 

o fungo pode satisfazer sua necessidade de carboidrato para respiração e crescimento. Além 

disso, em cianoliquens o micobionte ganha uma fonte de nitrogênio (NASH III, 1996). Para as 

algas, os benefícios são relativos à hidratação, onde o micobionte a protege da dessecação e 
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da intensa luminosidade. Dessa forma, fotobionte e micobionte têm se dispersado pelos mais 

diversos habitates, o que não aconteceria na condição de organismos de vida livre (HONDA 

& VILEGAS, 1998).  

As substâncias produzidas pelos liquens são agrupadas, segundo sua localização no 

talo, em produtos intracelulares e extracelulares. Os produtos intracelulares (carboidratos, 

carotenóides e vitaminas, aminoácidos e proteínas) estão ligados à parede celular e ao 

protoplasto. São frequentemente hidrossolúveis e podem ser extraídos em água. Tais 

compostos ocorrem não apenas em liquens, mas em fungos e algas de vida livre, ou em 

plantas superiores (HAWKSWORTH & HILL, 1984, HONDA, 2006). Os produtos 

extracelulares também chamados metabólitos secundários, encontram-se na medula ou no 

córtex. Atualmente, cerca de 630 compostos provenientes do metabolismo secundário de 

liquens são conhecidos. São ácidos alifáticos, meta e para-depsídeos, depsidonas, ésteres 

benzílicos, dibenzofuranos, xantonas, antraquinonas, ácidos úsnicos, terpenos e derivados do 

ácido púlvinico, sendo a maior parte dessas substâncias sintetizadas exclusivamente por 

liquens (PIERVITTORI et al, 1994; ELIX & WARALAW, 1996). A concentração de 

metabólitos secundários pode variar de 0,1 a 10 % em relação ao peso seco do talo liquênico, 

embora em alguns casos a concentração possa ser mais alta (HONDA & VILEGAS, 1998).  

No Brasil são encontradas diversas espécies de liquens, como Cladonia salzmannii 

(Figura 1) que tem sido registrada nos Estados da Bahia, Minas Gerais, Paraíba, Pernambuco e 

Sergipe. Neste último, é referida por AHTI et al. (1993) como abundante sobre solos arenosos. 

Apresenta estruturas escifóides e dilatadas, e tem como principal composto o ácido barbático 

(AHTI et al., 1993). Este ácido é um depsídeo formado por dois anéis aromáticos, interligados 

entre si por uma ligação éster (Figura 2). CULBERSON (1969) comenta que o ácido barbático 

também pode ser chamado de ácido alectórico, rizóico, rizônico, coccelico, coenomicina e 

cenomicina.  

A síntese dos depsídeos ocorre pela via acetato-polimalonato, estes procedem de ciclações 

tipo orcinol. O processo biosintético inicia-se com a condensação de acetil-coA e de malonil-coA, 

a acetoacetil-coA  resultante pode condensar com duas outras moléculas de malonil-coA em 

etapas sucessivas, formando um policetídeo de 8 carbonos. Este último cicliza por condensação 

aldólica produzindo orcinol, esta síntese ocorre sob a ação da enzima orselinato sintase. Os 

depsídeos são sintetizados a partir destas unidades monocíclicas mediante esterificação, várias 

esterases podem estar envolvidas nesse processo (Figura 3). Entretanto essas enzimas não foram 

ainda isoladas (HONDA & VILEGAS, 1998; MARCELLI, 2006).       
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        Figura 1. Cladonia salzmanii ocorrente sobre solos arenosos tabuleiros costeiros (Alhandra, PB). 

        Fonte: autor  

                                                 Figura 2. Modelo estrutural do ácido barbático. 

                                       Fonte: autor    
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As substâncias liquênicas podem ser produzidas tanto no córtex quanto na medula, 

podendo ser lixiviadas para o solo e exercerem ação quelante sobre os minerais, extraindo 

cátions e dando origem a outros novos minerais. Períodos ocasionais de chuvas são 

suficientes para arrastar quantidades significativas de fenóis e percolá-los ao solo. Assim, a 

água da chuva vai extraindo progressivamente pequenas quantidades de substâncias 

liquênicas, visto que estas são pouco hidrossolúveis. Estudos comprovam que o ácido úsnico 

pode ser lavado do talo com a chuva ou umidade para a superfície da planta e para o solo 

(MALICKI, 1965). Desta forma, estes metabólitos secundários desempenham uma importante 

função ecológica, pois contribuem para a estrutura e composição da comunidade do solo 

(XAVIER-FILHO & RIZZINNI, 1976; LEGAZ et al., 1986). 

Como pioneiros na colonização, os liquens degradam a rocha tanto por ação química 

de suas substâncias, como por ação mecânica por incrustação no substrato, favorecendo o 

processo de formação do solo. As substâncias liquênicas são conhecidas por sua habilidade 

de se complexarem com cátions do substrato mineral (PURVIS & HALLS, 1996). ADAMO 

et al. (1993) estudando o intemperismo de rochas sob a ação de seis diferentes espécies de 

liquens, atribuíram aos liquens a capacidade de alterar quimicamente rochas, em função do 

tipo e quantidade de metabólitos secundários.  

A interface líquen-substrato é um local de considerável atividade química. Os ácidos 

orgânicos liberados pelo simbionte podem acelerar a decomposição de rochas 

(PIERVITTORI et al., 1994). BJELLAND et al. (2002) detectaram a presença dos ácidos 

lecanórico, divaricático e girofórico em substratos rochosos indicando assim que estes 

compostos podem estar em contato direto com minerais de rochas agindo como fonte de 

prótons, ou agente quelante, contribuindo para a degradação química das rochas.   

À medida que o líquen decompõe a rocha, prepara um solo desenvolvido o suficiente 

para o estabelecimento de outros seres que requerem umidade e nutrientes, como os musgos e 

vegetais fanerogâmicos (HAWKSWORTH & HILL, 1984; LEGAZ et al., 1986; BANFIELD 

et al., 1999; SEDIA & EHRENFELD, 2005). Liquens do gênero Cladonia, embora não 

possuam uma associação com o substrato tão íntima quanto os liquens crustrosos, contribuem 

para a formação de húmus através da desintegração de fragmentos do talo (ASTA et al., 

2001).   

Quando comparado com regiões onde o solo apresenta vegetação escassa, o solo em 

áreas com liquens apresenta mais carbono e nitrogênio, umidade e nutrientes (BENALP & 

LANGE, 2003). EVANS & BENALP (1999) consideram os liquens organismos que 

influenciam a fertilidade e estabilidade do solo em regiões áridas. 
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A presença de substâncias liquênicas no solo e sua estabilidade com o tempo 

possibilitam a ocorrência de fenômenos alelopáticos, ou seja, o efeito direto ou indireto destes 

compostos em outros organismos, o que tem sido descrito amplamente na literatura (LEGAZ 

et al., 1986). Sugere-se que o ácido úsnico tem ação alelopática (YANO et al., 1999), mas 

pouco se conhece sobre seu mecanismo de ação. Além disso, os liquens, por meio das 

substancias liquênicas podem afetar o crescimento e reprodução dos microrganismos do solo, 

ou mesmo inibir a germinação de sementes localizadas no perfil do solo (FAHSELT, 1994; 

GIORDANO et al., 1999).  

Por outro lado, STARK & HYVÄRINEN (2003) demonstraram que substâncias 

liquênicas produzidas por Cladina stellaris, como ácido úsnico e perlatólico, podem ser fontes 

de carbono para os microrganismos do solo, ao invés de exercerem efeito alelopático. Dessa 

forma, os liquens podem afetar a microbiota do solo de diferentes maneiras (SEDIA & 

EHRENFELD, 2005). 

1.3 Fungos micorrízicos arbusculares (FMA)  

O termo micorriza refere-se à relação simbiótica estável entre certos fungos do solo e 

raízes de plantas, caracterizada pela perfeita integração morfológica, bioquímica e funcional 

da associação (SMITH & READ, 1997). Estudos de raízes fossilizadas evidenciaram que as 

micorrizas surgiram há cerca de 400 milhões de anos, o que compreende o período do 

aparecimento das plantas terrestres (REMY et al., 1994; REDECKER et al., 2000).  

Considerando a morfoanatomia das raízes colonizadas, as micorrizas são classificadas 

em ectomicorrizas, ectendomicorrizas e endomicorrizas. Estas se dividem em orquidóides, 

ericóides e arbusculares. Dentre elas, as micorrizas arbusculares são as mais comuns, 

amplamente encontradas na maioria dos ecosistemas, principalmente nos trópicos 

(SIQUEIRA, 1994). São formadas por fungos da divisão Glomeromycota, que colonizam 

raízes de plantas de quase todas as famílias de angiospermas e algumas gimnospermas, além 

de alguns representantes das briófitas e pteridófitas (QUILAMBO, 2003). Estima-se que 

250.000 espécies de plantas no mundo são capazes de formar associações micorrízicas 

(XAVIER & GERMIDA, 1999; JOHANSSON et al., 2004). 

Estes organismos são importantes componentes do ecossistema natural. Acredita-se 

que a condição micorrízica nas plantas seja regra, visto que cerca de 85% delas formam este 

tipo de associação, desempenhando destacado papel na composição e produtividade vegetal 

(van der HEIJDEN et al., 1998).  
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Os FMA são biotróficos obrigatórios, pois completam seu ciclo de vida apenas se 

estiverem associados a uma planta hospedeira, que fornece carboidratos e outros fatores 

necessários ao seu desenvolvimento e esporulação (SIQUEIRA et al., 2002). Não há 

evidências de especificidade hospedeira e não ocorrem alterações morfológicas 

macroscópicas nas raízes colonizadas. A presença da associação é apenas detectada por 

observações microscópicas de raízes clarificadas e coradas com corantes específicos. 

Durante a formação da associação micorrízica a hifa do fungo penetra no córtex da 

raiz desenvolvendo micélio intraradicular e estruturas denominadas arbúsculos, que 

promovem aumento na superfície para trocas metabólicas entre a planta e o fungo. Alguns 

FMA também produzem vesículas; acredita-se que tais estruturas possuem função de 

armazenamento. Nessa simbiose, os fungos recebem fotossintatos produzidos pela planta 

hospedeira e esta se beneficia da melhoria do estado nutricional, pois a colonização de 

plantas por FMA aumenta a superfície para aquisição de nutrientes e, possivelmente de água 

pela planta, favorecendo o crescimento e, reduzindo efeitos negativos comuns em solos 

pobres em nutrientes (AYLING et al., 1997; XAVIER & GERMIDA, 1999; JOHANSSON et 

al., 2004; ANANTHAKRISHNAN et al. 2004). 

A associação micorrízica promove vários benefícios às plantas, como o aumento no 

crescimento e na produção de matéria seca, maior tolerância a estresses de natureza biótica 

(pragas e doenças) e abiótica (seca, salinidade, etc.). Além disso, a micorrização promove 

alterações fisiológicas, aumentando a produção de exsudatos radiculares, e de compostos 

secundários, bem como as taxas de respiração, transpiração e fotossíntese (HARRIER, 2000). 

Dessa forma, os FMA constituem um fator importante na qualidade do solo devido ao seu 

efeito na fisiologia da planta, nas interações ecológicas do solo, além de sua contribuição 

para a agregação das partículas do solo, pois produzem uma glicoproteína chamada glomalina 

(RILLIG, 2004; RILLIG & MUMMEY, 2006; GADKAR & RILLIG, 2006).  

As micorrizas arbusculares são de grande interesse para regiões tropicais, 

especialmente para o Brasil, onde face às condições ambientais, os solos são de baixa 

fertilidade. Entre os fatores que determinam direta ou indiretamente a formação, ocorrência e 

desenvolvimento dos FMA são citados: solo, ambiente, manejo e hospedeiro (SIQUEIRA, 

1994). 

            A comunidade fúngica é controlada principalmente pelas condições edáficos e 

hospedeiro vegetal. Assim, características químicas do solo, como a presença de 

aleloquímicos, podem afetar a associação micorrízica, podendo atuar como inibidores ou 
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estimuladores da micorrização, interferindo na ocorrência e eficiência da simbiose 

(MALICKI, 1965).   

1.4 Relação micorrizas/liquens  

            BROWN & MIKOLA (1974) verificaram o limitado crescimento de Pinus silvestris e 

Picea abies provocado pela ação do extrato aquoso do líquen Cladonia alpestris, que possui 

o ácido úsnico como um dos seus constituintes químicos. Os autores atribuíram esta limitação 

do crescimento à inibição dos fungos ectomicorrízicos associados a estas espécies. De modo 

similar, FISHER (1979) sugere que os liquens influenciam negativamente plantas, pois suas 

substâncias promovem mudanças na atividade metabólica de microrganismos e associações 

micorrízicas.  

XAVIER-FILHO et al. (1985) ressaltam que as substâncias liquênicas medulares, 

após um período de chuva, são lixiviadas ao solo, o que consequentemente poderá ter função 

alelopática.  

GOLDNER et al. (1986) reportaram em comunidades de campo abandonado de 

betume, onde o líquen Cladonia cristetella é muito abundante, ocorria inibição do 

crescimento de fungos ectomicorrízicos. Testando isoladamente o ácido úsnico, que era 

substância ocorrente em maior concentração, comprovaram que este é o responsável por esta 

atividade nas concentrações de 10, 25, e 50 mg/L.  

MARKKOLA et al. (2002) destacam que a remoção do tapete liquênico contribuiu 

para o aumento na diversidade da comunidade ectomicorrízica, diminuindo a mortalidade da 

vegetação dela dependente. Em adição, OHTONEN & VÄRE (1998) atribuíram o alto índice 

de atividade microbiana observado no solo, sob a micota liquenizada, a grande produção de 

raízes finas em locais dominados por liquens. 

1.5 Parâmetros de origem bioquímica e microbiológica para análise do solo 

           

A biomassa microbiana é fundamental na transformação da matéria orgânica na 

ciclagem de nutrientes e no fluxo de energia, interagindo com as partículas do solo e 

participando de processos biológicos e bioquímicos essenciais à sustentação dos ecossistemas. 

Assim sua quantificação é importante em estudos sobre perda ou melhoria da qualidade do 

solo (CARDOSO, 2004). A avaliação da biomassa microbiana do solo permite obter 

informações rápidas sobre mudanças nas propriedades orgânicas do solo bem como avaliar os 

efeitos de substâncias alelopáticas. Dentre os diferentes métodos utilizados na quantificação 

da biomassa microbiana, à fumigação-extração é particularmente útil em solos ácidos e 
8 

Silva, Flávia Pereira da                                                         Influência de Cladonia salzmanniisobre fungos micorrízicos

 



orgânicos de florestas (GRISI, 1997). Esse método consiste na fumigação do solo com 

clorofórmio, que além de matar, rompe as células microbianas liberando o constituinte 

microbiano para o solo e assim permitido sua extração. Logo após a fumigação o material 

celular liberado é recuperado com um extrator fraco como o sulfato de potássio. A 

determinação do carbono nos extratos fumigados e não-fumigados é feita por dicromatometria 

a partir da retirada da alíquota do extrato (DE-POLLI & GUERRA, 1999). A atividade de 

algumas enzimas pode ser relacionada com a biomassa microbiana, auxiliando na 

interpretação da condição funcional da microbiota do solo.  

Os diversos microrganismos no solo são responsáveis direta e indiretamente por 

processos microbiológicos e bioquímicos diversos, os quais exercem enorme influência na 

produtividade e sustentabilidade dos ecossistemas terrestres (SIQUEIRA et al., 1994). A 

atividade microbiológica inclui todas as reações metabólicas celulares, suas interações e seus 

processos bioquímicos mediados ou conduzidos pelos microrganismos do solo. Um método 

muito utilizado na análise da atividade microbiana do solo é a hidrólise de diacetato de 

fluoresceína (FDA), este se baseia na determinação colorimétrica da Fluoresceína, formada 

quando o FDA é hidrolisado por uma série de enzimas hidrolíticas (proteases, lípases e 

esterases) presentes no solo (SCHNÜNER & ROSSWALL, 1982).    

Com o aumento da atividade metabólica dos microrganismos do solo, há uma 

correspondente fixação dos minerais por estes, na diminuição da atividade minerais 

anteriormente imobilizados são liberados, isto acontece principalmente após a morte dos 

microrganismos.  Outro método utilizado na análise do metabolismo do solo é a respiração 

microbiana, onde o CO2 emanado do solo é absorvido por uma solução de hidróxido de 

potássio e posteriormente quantificado por titulação com ácido clorídrico (GRISI, 1978).  

A dinâmica e atividade dos microrganismos no solo são complexas, por isso é 

essencial o uso tanto de parâmetros bioquímicos como biológicos na avaliação do crescimento 

e atividade microbiana do solo.   
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2. JUSTIFICATIVA E RELEVÂNCIA   

Os tabuleiros arenosos costeiros do nordeste do Brasil, com fitofisionomia de cerrado, 

abrigam espécies da família Cladoniaceae dispostas sobre o solo, em forma de tufos. 

Algumas delas são endêmicas do litoral brasileiro (AHIT et al., 1993) e extremamente 

influenciadas pelos fatores microclimáticos locais (LEGAZ et al., 1986), bem como reguladas 

pelos climas sazonais, liberando quantidades diferenciadas de suas substâncias para o solo 

(PEREIRA, 1989). 

Com isso, as relações ecológicas entre liquens e suas substâncias e a microbiota do 

solo subjacente contribui para maior conhecimento da dinâmica de ecossistemas tropicais, a 

maioria deles com reduzida área de remanescentes.    

3. OBJETIVOS  

3.1 Geral 

Avaliar o efeito do talo in natura de Cladonia salzmannii Nyl sobre a atividade 

microbiana em ecossistema natural de tabuleiro (cerrado) e sob condições experimentais em 

casa de vegetação sobre fungos micorrízicos arbusculares e o desenvolvimento de plântulas 

de Genipa americana L.  

3.2 Específicos  

 

Verificar a percolação do ácido barbático, principal composto de C. salzmannii para o 

solo em condições experimentais 

 

Analisar parâmetros bioquímicos e biológicos do solo como indicadores do efeito de 

C. salzmannii na rizosfera 

 

Testar o efeito do talo liquênico de C. salzmannii no desenvolvimento de plântulas de 

G. americana, inoculadas com FMA  

 

Avaliar o efeito da presença do talo de C. salzmannii sobre a colonização e 

esporulação de FMA associados a G. americana   
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Abstract  

In the Brazilian Northeast it is common to find places with vegetation like Savannah whose 

sandy soils are replete of lichens. These symbiontc organisms produce phenolics, unique on 

this taxon, known for their biological activity. This paper aim to ascertain the microbial 

activity and mycorrizal symbiosis in the soil covered by lichens. The lichen covered soil 

presented lower values of CO2 emission, C microbial biomass, fluorescein diacetate (FDA) 

hydrolysis rate than bare soil areas. In contrast, mycorrhizal colonization and number of 

spores was higher in lichen covered soil. Low barbatic acid concentration was detected in the 

soil.  

Keywords: Arbuscular mycorrhizal fungi, barbatic acid, Cladonia salzmannii, lichen 

substance, microbial activity.  
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1. Introduction 

      About 180 millions hectares of Brazilian area are occupied by cerrado vegetation, 

which expands over the Central-west, over part of the Southeast, over the North and Northeast 

regions of Brazil (Goedert, 1989). These soils are naturally acid, have low fertility, and low of 

organic matter activity. The occurrence of species such as Cladoniaceae (lichen) in the sandy 

soils of tableland (tabuleiro), with cerrado vegetation physiognomy, is common in the 

Northeast region of Brazil. In Alhandra, State of  Paraiba, it is frequent the presence of 

Cladonia verticillaris and C.  salzmannii, lichen species known for the production of 

substances such as barbatic  and fumarprotocetraric acids, respectively, unique phenolics to 

this taxon.                            

      The negative influence of lichen substances against fungi and bacteria has been shown 

in several in vitro growth experiments (Halama & Van Hauwin, 1997; Falcão et al., 2004). 

Generally, in one specimen it may occur one to three, or more, lichen substances. Their 

concentration may vary from 0.1% to 10% of  lichen thalli dry weight, but in some cases the 

concentration can be higher. One of the most prevalents lichen substance in many lichen 

species is the barbatic acid, depside composed of two phenolic units an ester bound, but its 

biological activity has not been very much studied. 

     It is probable that occasional rainfall periods, or even the dew, can wash amounts of 

these elements and leach then out from lichen to the soil (Malicki, 1965). Thus, such 

substances play an important ecological role, contributing to the soil structure and 

composition, and may affect the soil microbiota (Legaz et al., 1986; Xavier-Filho et al., 

2006). 

     After some time, the presence and stability of these substances may exert a direct or 

indirect effect on other organisms (Yano et al., 1999). It was observed an increase of 

ectomycorrhizal community diversity, after the removal of lichen cover, which caused a 

decrease in the mortality of vegetation dependent to this symbiosis (Markkola et al., 2002). 
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After assessing the microorganism activity in the soil under Cladina stellaris, Stark & 

Hyvärinen (2003) suggest that lichen substances, such as usnic and perlatolic acids, are C 

sources for the microbial community in the soil under lichen cover. Similarly, Ohtonen & 

Väre (1998) observed a high incidence of microbial activity in the soil under different species 

of Cladoniaceae.  

     Accordingly, one the most studied lichen substances is the usnic acid, but little is 

known about the barbatic acid effects on the soil microbial activity. Thus, the objective of this 

paper was to ascertain the influence of C. salzmannii, which contains barbatic acid as major 

phenolic, on the soil microbial activity and on mycorrhizal symbiosis. 

2. Materials and methods 

2.1. Collection and storage of lichen material 

C. salzmannii samples were collected during the months of November and December 

(2005) from sandy soils of tableland (tabuleiro), in Alhandra county (Paraiba, NE of Brazil). 

In the laboratory the lichen material was separated from its substrate and stored in paper bags. 

After chemical and morphological identification, voucher specimens were deposited in the 

Herbarium UFP, Universidade Federal de Pernambuco (Nº:  44.143). 

2.2. Soil analysis  

Soil samples were collected from the Alhandra-PB vegetation like savannah (cerrado), 

whose sandy soils are replete of lichen colonies of Cladoniaceae family. Soil samples from 

beneath the C. salzmannii covers and from areas without lichen were collected. Ten samples 

were taken from each of the sampling sites: each sample consisted of three subsamples taken 

from depths 0 to 20cm and mixed. Soil samples were immediately placed in coolers until 

arrival in the laboratory. There the soil was separated from the roots, and stored at 4°C, until 

the analysis moment.  The soil chemical and physical characteristics analysis took place at the 

fertility laboratory of the Empresa Pernambucana Agropecuária (IPA). The physical and 
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chemical characteristics of the soils from the different areas are described in table 1 and 2. 

There were differences among the chemical characteristics of the soils form the different areas 

assessed. 

CO2 evolution was determined using 100 g soil, moistened to 10% of its water-holding 

capacity, placed in hermetically sealed flasks and incubated for 15 d at 28°C. The CO2 emitted 

was collected in 10 mL 0.1 M KOH and titrated with 0.1 M 

HCl (Grisi, 1978). 

The microbial biomass was determined by the fumigation-extraction method. 

Extractable organic C from soil samples, either fumigated or non-fumigated with chloroform, 

was extracted with 0.5 M K2SO4 and after oxidation with potassium dichromate (K2Cr2O7), 

the C content was measured by titrated with 0.033 N (NH4)2Fe(SO4)2 (De-Polli & Guerra, 

1997; Vance et al., 1987).  

The FDA (fluorescein diacetate) hydrolysis was estimated as described by Swisher & 

Carrol (1980) an incubation period of 20 min at 25°C. Five grams of soil were incubated in 20 

mL of 60 mM K-phosphate buffer pH 7.6. The reaction was started by addition of 0.2 mL of a 

FDA solution (2 mg.mL-1 in acetona). After 20 min incubation, 20 mL of acetone were added 

immediately for stoping the reaction. The soil suspensions were filtered and measured at 490 

nm. The concentration of fluorescein released was calculated by a calibration curve produced 

with standard quantities (0 - 400µg) of fluorescein. 

The quantifying of glomalin (glomalin-related soil protein) was done according to 

Wright & Upadhyaya (1998) method. The 0.25 g soil samples were autoclaved with 2 mL of 

sodium citrate (20mM; pH 7.0) during 30 minutes, followed by centrifugation at 10000 g for 

5 min and the absorbance of the supernatants was measured at 595 nm. The concentration of 

glomalin was calculed by calibration curve BSA (Bradford, 1976). 
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The roots were cleared with KOH (10%) and stained with Trypan blue (0.05%) 

(Phillips & Hayman, 1970). Naturally dark pigmented roots were cleared with 10% hydrogen 

peroxide for one hour before the staining with Trypan blue. The percentage of root 

colonization was calculated by the gridline intersect method (Giovannetti & Mosse, 1980). 

The number of arbuscular mycorrhizal fungi (AMF) spores was determined by wet sieving, 

followed by centrifugation in 40% sucrose (Gerdemann & Nicolson, 1963 e Jenkins, 1964) 

and counted under a stereoscopic microscope (40X). 

The results were submitted to analysis of variance (ANOVA) and the averages were 

compared by the Tukey test (p<0.05).  The mycorrhizal colonization values and the number 

of spores were transformed arcsen (x/100) and log (x+1), respectively.  

2.3 Lichen substances detection in the soil samples   

  Soil samples (8 g) and lichen thalli (4 g) were submitted to successive extractions with 

10  mL of the systems ether/ethyl acetate (65:35, v/v) and chloroform/acetonitrile (60:40, 

v/v). Both extracts were measured in spectrophotometer at 268 nm. The extracts were dried 

and used for Thin Layer Chromatography (TLC) assays. 

2.4. Thin Layer Chromatography 

The soil, lichen extracts and standard substance (barbatic acid) were submitted to 

TLC, carried out on silica gel plates F254+366 MERCK, developed on A solvent system: 

toluene/dioxan/acetic acid, 180:45:5, v/v (Culberson, 1972). The spots were visualized under 

UV short and long wavelengths (254 e 366nm). The chromatograms had posterior spray of 

H2SO4 (10%), and heated at 100 ºC for color reaction of the spots. 

The barbatic acid used as standard was extracted from C. salzmannii as described in 

Pereira et al. (1996) and the purification was done according to Asahina & Shibata (1954).  
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3. Results and discussion 

Barbatic acid was detected in the soil samples (fig 1). The soil under lichens presented 

higher pH values, sum of bases (S), cationic exchange capacity (CEC), base saturation (V) 

(table 1). The tableland soils generally present low nutrient availability, due to lower pH 

values and high Al saturation in the soil (Lopes, 1984). The lack of Ca and Mg, many times 

related to the excess of Al in the superficial layers of the soil, diminish the root system 

development, making the plants susceptible to drought (Kliemann, 2003), in such a way that 

soils under lichen cover were more fertile. 

The CO2 emission, biomass and FDA values were higher for the areas where there 

was no lichen, but without statistical difference among the treatments (table 3). In the 

mycorrhizal assessment parameters the highest values of colonization and number of spores 

were observed in the areas with lichen (table 4). 

Studies have shown the need to relate soil microbiology to enzymatic activity. 

Measures such as CO2 emission and C microbial biomass, by their own, do not reflect the soil 

biological activity (Dick, 1997). In the case of respiration, the microorganisms may not be the 

only source of CO2 emission, and the microbial biomass does not estimate the isolated 

microorganisms metabolic activity.  As a measure of total microbial activity it was used in 

this paper the FDA hydrolysis, commonly used as an indicator to the activity of the soil 

hydrolytic enzymes (Taylor et al., 2002). However, the degree of enzymatic alteration may 

vary depending on the concentration and the way in which the studied element. D'Ascoli et 

al. (2006) stated that the soil enzymatic activity is more influenced by the quantity of C 

organic than the quantity Cu and Cr.  

Using the FDA hydrolysis method as indicator of soil quality, in degraded and native 

areas in the Brazilian cerrado, Godoi (2001) observes that degraded soils going through 

revegetation with native species present chemical and microbiological properties similar  to 
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preserved soil in native forest, and are higher than the soils reforested with Eucalyptus sp. 

Alencar & Costa (2000) used the same method for evaluating the impact using fungicides on 

microbial activity, and found out that the application of fungicides via water irrigation 

reduced the microbial activity in cultivated soils. In addition, Kähkönen et al. (2006) did not 

see meaningful differences in the FDA hydrolysis in a former sawmill area, which can be 

associated to the probable substitution of microbial species for tolerant species to those 

conditions. 

Studying the effect of the salinity on soil microorganisms, Bing-Cheng at al. (2007) 

found low microbial biomass and CO2 emission values, evidencing that salinity adversely 

affects the soil microbial community. 

Marchiori Júnior & Melo (2000), analyzing the microbial C, did not find meaningful 

differences between 20-to-25 year-old pastures and natural forest. However, the same authors 

discovered in areas cultivated with cotton for 10 years, reductions higher than 60% in the 

microbial C value, compared to natural forest. Therefore, the soil organic matter and the 

microbial biomass can be altered with more or less intensively depending on the vegetation 

and the environmental conditions. 

Ohtonen & Väre (1998), assessing the microbial activity in areas with lichens and in 

areas with bryophytes, did not notice differences in the microbial biomass, but areas with 

lichen presented higher qCO2. The authors stated that the soil microbial activity depends on 

divers factors, such as climate, habitat productivity and ecological succession stage.  

Comparing lichen, bryophytes, and grass effects on the soil, Sedia & Ehrenfeld (2005) 

highlighted that the lichens and the bryophytes clearly affect soil microbial properties.  

Stark & Hyvärinen (2003) observed higher qCO2 values, which should suggest that 

lichen substances such as usnic and perlatolic acid are sources of C to the microbial 

communities existing beneath the lichen covers. 
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Lichens are known for their biological activity of their substances, which have been 

widely studied in last years, especially in vitro. Such substances have proved to be active 

against fungi and bacteria (Pereira et al., 1991; Pereira et al., 1996), against tumors and 

carcinogenic cells (Pereira et al., 1994); and to have an alellopathic effect (Yano et al., 1999). 

Goldner et al. (1986) reported that the usnic acid at concentrations at 10, 25 and 50 mg L-1 

it s responsible for the growth inhibition of ectomycorrhizal fungi.  

The fact that there is no meaningful effect in the observed parameters can be the 

consequence of low concentration of the substance, an average of 3.9µg.mL-1. Further studies 

about microbial activity, especially about arbuscular mycorrhizal fungi in soils beneath 

lichens is still necessary for a better understanding of processes and confirmation of the 

tendencies here observed. 
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Table 1.  Soil chemical characteristics in the lichen cover and bare soil areas.    

*H2O        S -sum bases; CEC-cation exchange capacity; V-base saturation; m- Al saturation.    

Table 2.  Physical soil characteristics in soil of tableland from Alhandra, Brazil. 

Soil texture 

(%) 

Density 

(g/cm3) 

Dap  Dr Coarse Fine Silt  Clay 

 

Sand  Sand  

Soil texture  Umitidy  
classes   (%)  

 (%)          

1.51 2.63  57   28  15  0   Sandy   1.40 

   

Table 3. Soil microbial and biochemical activity in lichen cover and bare soil areas. 

Treatment Respiration 

(C-CO2 g
-1 dw of soil d-1) 

 

Microbial biomass

 

(µg C g soil -1) 

FDA 

(g dw of soil h-1)

 

lichen cover

 

6.5a 1462.3a 146.5a 

bare soil 7.3a 191842.7a 178.2a 

  
Treatments P pH* Ca Mg Na K Al H CEC S % 

 

mg/dm3

  

cmolc/dm3  V   m  

lichen cover 

bare soil   

2 

     2 

5.11 

4.85 

0.85 

0.25 

0.45 

0.50 

0.04 

0.04 

0.03 

0.02 

0.55 

0.90 

5.22 

5.12 

7.1 

6.8 

   1.4 

0.8 

 19  29 

 12  53 
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Table 4.  Mycorrhizal colonization and spores numbers in different treatments.  

Treatment Glomalin 

(mg/g soil)

 
Colonization

  
Number of 

spore 

lichen cover

 

2.2 3.1 13.7 

bare soil 2.1 2.5 8.5 

                      The statistical signicances of the differences between treatments are assessed                                  

with the  Tukey test (P 0.05). The values were transformed arcseno x/100 (colonization) e log 

x+1 (Spores numbers).             

Figure 1. Thin Layer Chromatography of soil and lichen extracts. P=barbatic acid, 1-10= soil 
extracts, 11=C. salzmannii.        
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Abstract 

Lichens are well known for the important biological activity of their substances, which are 

accumulated either on the cortex or on the cell walls of medullary hyphae, and can be leached 

out to the soil by rainfall or dew. Thus, such substances can affect the soil microbiota in 

different ways. This paper aims at assessing the possible influence that Cladonia salzmannii

 

may have on arbuscular mycorrhizal fungi and on the growth of Genipa americana. The 

inoculated plants either with lichens+mycorrhiza presented higher growth parameters, as well 

as a higher number of spores. It was detected in the soil the presence of barbatic acid, major 

compounds of C. salzmannii.

 

Keywords: Arbuscular mycorrhizal fungi, barbatic acid, Cladonia salzmannii, lichen 

substance. 

1. Introduction 

The fungi form symbiotic associations with algae (lichen) and with plant roots 

(mycorrhiza). These intimate and lasting associations among the organisms were and are of 

extraordinary importance in the establishment of   phototrophs adapted to terrestrial 

ecosystems (Margulis, 1990; Jeffries & Young, 1994; Frank, 1995). 

Those mutualistics associations have played an important ecological role. Lichens 

affect the chemistry of  rocks during  the soil formation (pedogenesis), and the arbuscular 

mycorrhizal fungi (AMF) interact directly with the plants, participating in the transfer of 

mineral nutrients and plant productivity (Pfleger et al., 1994; Legaz et al., 2006). 

The weathering action of lichens on rocks involves both biogeophysical and 

biogeochemical process. Rhizine penetration and thallus expansion and contraction are the 

import mechanisms involved in biogeophysical weathering, whereas lichen substances are 

important in biogeochemical weathering due to the ability to complex metal cations from the 

mineral substratum (Purvis et al. 1996). The rainfall and dew can wash from the thallus to the 
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soil significant amounts of these substances, which may, after some time, result in the 

allelopathic effect on the soil microorganisms (Malicki, 1965; Legaz et al., 1986; Yano et al., 

1999). 

Accordingly, Brown & Mikola (1974) observed the limited growth of Pinus silvestris 

and Picea abies caused by the action of aqueous extract of the Cladonia alpestris, being the 

usnic acid major substance in this species. The authors associated that growth limitation to the 

ectomycorrhizal fungi inhibition.  

The AMF are widespread in most ecosystems and colonize > 85 % of land plants 

(Siqueira, 1994; Xavier & Germida, 1999; Johansson et al., 2004).  In  these plant-fungal 

associations, the mycorrhizal fungi receive photosynthates produced by the plant and, in 

exchange, increase the plant capacity of mineral and water uptake (Azcón-Aguilar & Barea, 

1997).  

Among the factors that determine, directly or indirectly, the presence or development 

of the AMF the soil and the vegetation are to be highlighted. Thus, the presence of the 

allelochemicals in the soil, can affect the mycorrhyzal association, acting as inhibitors or 

stimulators that symbiosis. Therefore, the objective of this paper is to ascertain the possible 

influence of Cladonia salzmannii

 

(lichen) on the arbuscular mycorrhizal fungi and on the 

development of Genipa americana L. (genipap) seedlings. 

2. Materials and methods 

2.1. Collection and storage of lichen material

 

C. salzmannii samples were collected during the months of November and December 

(2005) from sandy soils of tableland (tabuleiro), in Alhandra county (Paraiba, NE of Brazil). 

In the laboratory the lichen material was separated from its substrate and stored in paper bags. 

After chemical and morphological identification, voucher specimens were deposited in the 

Herbarium UFP, Universidade Federal de Pernambuco (Nº:  44.143). 
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2.2. Greenhouse experiments 

 
The experiment was done in a factorial randomized design of 4 trataments (control, 

lichen, lichen+FMA and FMA) and 5 replicates, and it was carry out in the greenhouse 

conditions at room temperature (28 ºC ± 3ºC)   

G. americana seeds were disinfected with 20% sodium hypochlorite, and sown in 

trays with 120 cells, containing sterilized vermiculite. Daily watering took place after the 

sowing. 

After 3 4 leaves emerged, seedlings were transplanted into plastic bags (2 l) 

containing autoclaved soil from Alhandra-PB, and inoculated with two AMF species 

(Gigaspora albida

 

Schenk & Smith and Acaulospora longula Spain & Sckenck). The 

inoculum was the mixture of spores, external hyphae and colonized root fragments in soil. 

After 20 days the bags were mulched with 33g of C. salzmannii. The plants were watered (50 

ml) three times weekly. 

Four months later the plants were harvested and analyzed. Height measurement was 

done, taking into consideration the distance between the collar and the apical region. The stem 

diameter was measured at the collar level. The plant components were separated in shoot 

(stem and leaves) and root, and dried at 50°C for 96h, then weighed for a dry mass 

assessment. The roots were cleared with KOH (10%) and stained with Trypan blue (0.05%) 

(Phillips & Haymann, 1970). Naturally dark pigmented roots were cleared with 10% 

hydrogen peroxide for one hour before the staining with Trypan blue. The percentage of root 

colonization was calculated by the gridline intersect method (Giovannetti & Mosse, 1980). 

The number of AMF spores was determined by wet sieving, followed by centrifugation in 

40% sucrose (Gerdemann & Nicolson, 1963 e Jenkins, 1964) and counted under a 

stereoscopic microscope (40X). 
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The soil chemical and physical characteristics analysis took place at the fertility 

laboratory of the Empresa Pernambucana Agropecuária (IPA). The soil chemical and physical 

characteristics are described in tables 1 and 2, the soil was classified as sandy, it was observed 

lower pH values, sum bases (S), base saturation (V) and Ca, Mg, Na concentrations in the soil 

after the experiment. 

The results were submitted to analysis of variance (ANOVA) and the averages were 

compared by the Tukey test (p<0.05).  The mycorrhizal colonization values and the number of 

spores were transformed (arcsen (x/100) and log (x+1), respectively).  

2.3 Lichen substances detection in the soil samples

  

       Soil samples (8g) and lichen thalli (4g) were submitted to successive extractions with 

10 ml of the systems ether/ethyl acetate (65:35, v/v) and chloroform/acetonitrile (60:40, v/v). 

Both extracts were measured in spectrophotometer at 268 nm. The extracts were dried and 

used for Thin Layer Chromatography (TLC). 

2.4. Thin Layer Chromatography (TLC)

 

The soil and lichen extracts and standard substance (barbatic acid) were submitted to 

TLC, carried out on silica gel plates F254+366 MERCK, developed on A solvent system: 

toluene/dioxan/acetic acid, 180:45:5, v/v (Culberson, 1972). The spots were visualized under 

UV short and long wavelengths (254 e 366nm). The chromatograms had posterior spray of 

H2SO4 (10%), and heated at 100ºC for spots color reaction. 

The barbatic acid used as the standard was extracted from C. salzmannii as described 

by Pereira et al. (1996) and the purification was done according to Asahina & Shibata (1954). 

3. Results 

The treatments lichen and lichen+FMA presented a longer stem diameter in relation to 

the control, but there were no relevant differences between them. The same could be observed 

so as to the height of the plants (table 3). 
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The lichen+AMF  treatment presented fresh and dry weights meaningfully higher than 

the other treatments. The plants inoculated only with lichen presented values lower than those 

for the plants inoculated with mycorrhizal fungi(table 3).. 

The mycorrhizal colonization was considered low in all cases, but the lichen+AMF 

treatment was slightly higher compared to the others. The arbuscular mycorrhizal spore 

number was higher in lichen+AMF treatment (table 4). 

The soil samples chromatography revealed the presence of barbatic acid (figure 1), 

however in a very low concentration (3.9µg/ml). 

4. Discussion 

Most of the studies about lichens evidence their negative influence on other 

organisms. Such influence can be related to the action of the lichen substances. Brown and 

Mikola (1974) mentioned the usnic acid, main component in the aqueous extract of the 

Cladonia alpestris, as the responsible for the limitation in the development of the Pinus 

silvestris and Picea abies. Fisher (1979) also suggests that lichens have a negative influence 

on higher plants through indirect effects mediated by changes in metabolic activity of soil 

microorganisms and mycorrhiza. In addition to that, Markkola et al. (2002) emphasize that the 

removing of lichen covers contributed to the increasing of the ectomycorrhizal diversity, 

diminishing the mortality of dependent vegetation. However, the present paper does not 

evidence that relation. This fact indicates that the chemical constitution of the studied species, 

as well as the concentration of its substances, is responsible for the activity that the lichen 

may exert on the tested organism. 

The treatment that presented the highest vegetative growth values was the 

lichen+AMF, followed by the mycorrhiza treatment. The fact that seedlings colonized with 

AMF presented higher values than the control, in vegetative growth terms, is associated to its 

high capacity to acquire mineral nutrients from the soil, as the AMF plant colonization 
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enlarges the nutrient acquisition surface (Hayman,1970),  and the water acquisition surface 

(Allen, 1991), enhancing the plant growth. 

In most cases, fresh and dry weight, mycorrhizal colonization, and number of spores 

were higher for the lichen+AMF treatment. Besides, the plants inoculated only with lichens 

presented higher development than the control ones, and in some cases, like the fresh weight 

axis, similar values of the mycorrhiza treatment. The results aforementioned can indicate a 

potential lichen effect. According to Asta et al. (2001) Cladonia

 

species may contribute to 

humus formation. In addition to affecting the soil temperature and humidity, lichens absorb 

the elements that volatilize from the soil, and use producing for lichen acids, which alter the 

substrate chemically (Nash III, 1996; Legaz et al., 2006). These factors may have contributed 

to the G. americana development in the plants with lichen as expected, for this happens 

frequently in forest formations located in humid flatlands (Lorenzi, 1992). 

The mycorrhizal colonization was considered low, but the colonization and the 

response to inoculation can vary according to the different host, depending on the 

effectiveness of the AMF (Sanders et al., 1996), P availability in the soil (Miller et al., 1994) 

and the fungi-plant combination. According to Siqueira (1991), there is a great extent of 

functional compatibility which results in the establishment of symbiosis between plant and 

fungi, controlled by both organisms genes and modulated by the environment. Zangaro et al. 

(2002) include the G. americana in the list of the species that normally have a very low 

incidence of mycorrhizal colonization (1  12%). In addition, many reports where different 

pH conditions were studied have shown root colonization to be reduced in lower pH (Silva et 

al., 1994; Nurlaeny, 1995).   

The soil, after the experiment, presented pH increase. Ca, Mg, and Na concentrations 

also increased, as well as the CEC and the S values. It is known that the nutrient availability 

to the plants is affected by different soil features, such as pH, humidity and microbial activity. 
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Taking into consideration the fact that the presence of Al is one of the main factors that limit 

plant development in acid soils, it is important to mention that the Al values decreased after 

experiment, which is positive. Similarly, it was observed an important V increasing, mainly 

due to Ca and Mg concentrations increase, which contributes to soil fertility. It was also 

observed the presence of barbatic acid, in a low concentration (3.9µg/ml).    

       In addition, it was observed a slight presence of AMF spores in controls, perhaps due 

to some kind of contamination. The very low vegetative development (P 0.05) proves that 

this probable contamination did not interfere in the obtained results. 

Once that lichen substances are known for its biological activity, it is possible to 

suppose that the presence of barbatic acid in the soil may also be influencing the results either 

directly, by action on the plant, or indirectly by the effects on the AMF. Yano (1994) 

observed that the aqueous extract of Cladonia verticillaris stimulates the growth of Allium

 

cepa, this fact relating to the presence of fumarprotocetraric acid. Thus, probably lichens exert 

ecological influence on the habitat, controlling somehow the surrounding vegetation. 
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Table 1. Characteristics of the soil before and 4 months later the experiment. The seedlings 

G. americana

 
inoculated with and without C. salmannii or AMF.  

P Ca  Mg Na  K  Al  H S  CEC

 
Soil   

Before 

After 

mg/dm3 

3 

2 

pH  

4.60 

5.06      

cmolc/dm3 

1.25 0.25 0.05 0.03 0.40 5.45 

1.75 0.30 0.75 0.01 0.15 4.13  

1.6 7.4 

2.8 7.1 

% 

 V  m  

21  20  

40  5 

S= sum bases; CEC=cation exchange capacity; V=base saturation; m=Al saturation    

Table 2.  Physical characteristics of soil used in experiment.  

Soil texture 
% 

Coarse  Fine Silt  Clay 

 

Sand  Sand  

Clay

 

% 

Density 
(g/cm3) 

Dap  Dr  

1.51 2.63

 

57   28  15  0   4 

Soil 
texture

 

classes

 

% 
Sandy 

Humitidy

  

%  

1.40 

 

Table 3. Growth parameters of G.

 

americana seedlings, cultivation in pots with and without 

C.

 

salzmannii or AMF. 

Treatments Stem 
diameter (cm)

 

Growth 

 

(cm) 
Axis 

PF (g)  PS (g)

 

Roots 
PF (g)  PS (g)

 

control 0.47b 8.9b 4.8c   1.3c 3.0d   0.7c 
lichen 0.48ab 9.1b 5.5b   1.6b 3.9c   1.1b 
mycorrhiza 0.5ª 9.4a 5.0b   1.7b 4.9b   1.0b 
lichen+AMF

 

0.6a 9.5a 5.2a    2.3a 7.3a    2.2a 
The different letter describes statistical diferences (p < 0.05).    

                         Table 4. Mycorrhizal colonization and spores numbers of   

G.

 

americana

 

seedlings growth with and without C.

 

salzmannii. 

Treatments  Esporulation 

 

Colonization

 

control  1.1b - 
lichen 1.1b - 
mycorrhiza 1.5b 0.01b 
lichen+AMF

 

2.5a  0.04a  
                      The statistical signicances of the differences between treatments are assessed                                  
with the  Tukey test (P 0.05). The values were transformed arcseno x/100 (colonization) e log 
x+1 (Number spores).   
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Fig 1. Thin Layer Chromatography of soil  and lichen extratcs.  P-barbatic acid, 1-10 soil 

extracts, 11-17 C. salzmannii.                         
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5. CONCLUSÕES   

Com base nos resultados obtidos neste trabalho, concluiu-se que:  

 

O fluxo de água pode arrastar substâncias do talo liquênico para o solo 

 

Concentrações muito baixas (3,9µg/ml) de ácido barbático não alteram 

significativamente a microbiota do solo  

 

Os liquens afetam as propriedades do solo e consequentemente desempenham alguma 

influência ecológica sobre seu habitat 

 

O número de esporos e a colonização micorrízica é maior na presença de C. 

salzmannii 

 

Os tufos de C. salzmannii influenciam o desenvolvimento de plântulas de G. 

americana, especialmente quando inoculadas com FMA.   

Possíveis interações entre C. salzmannii, a vegetação adjacente e a microbiota do solo 

estão envolvidas, até certo ponto, no controle do padrão de distribuição da vegetação do seu 

habitat. Esta influência pode se dar pela da produção e liberação do ácido barbático no solo ou 

por meio de alterações químicas do solo. 

Estudos em campo, realizados em diferentes períodos e que utilizem mais parâmetros 

bioquímicos e biológicos, como por exemplo, a atividade da fosfatase e da desidrogenase 

enzimas que desempenham um importante papel na ciclagem de nutrientes, são necessários 

para esclarecer como os liquens influenciam outros organismos.         

43 

Silva, Flávia Pereira da                                                         Influência de Cladonia salzmanniisobre fungos micorrízicos

 



               

Anexos                 

 



   

INFLUENCE OF CLADONIA SALZMANNII ON ARBUSCULAR MYCORRHIZAL 
FUNGI AND GROWTH OF GENIPA AMERICANA  SEEDLINGS  

Silva, F.P.1;

 

Yano-Melo, A.M.2; Pereira, E.C.3; Barbosa, J.V1.; Silva, N.H.1  

1Deptos de Bioquímica e 2Micologia, CCB, 3Depto de Ciências Geográficas, CFCH, 
UFPE, PE.   

A greenhouse experiment was carried out to evaluate the potential allelopathic 
effects of lichen substances on arbuscular mycorrhizal fungi (AMF) of soil. The 
experiment design was completely randomized, in 2(presence or absence of the 
lichen) x2 (presence or absence of the AMF), with 6 replications. The seedlings were 
transplanted and inoculated with 300 spores of AMF placed on the root, and 20 days 
later received 33g de Cladonia salzmannii (lichen). The plants were harvested 4 
months after transplanted, and the following parameters were analyzed: growth, stem 
diameter, dry weight axis and root, number of spore and mycorrhizal colonization. All 
the samples (lichen and soil) were measured using thin-layer chromatography for 
detection of lichen substances. The lichen/mycorrhiza treatment had number of 
spores 3 times higher than others treatments, but slightly lower mycorrhizal 
colonization. The parameters stem diameter and growth were similar to treatments 
lichen (alt.10,7cm, dc1,05cm) and mycorrhiza (alt.11cm,dc.1,07cm) but higher in the 
lichen/mycorrhiza. In this treatment was observed higher values of both dry weight 
axis and root. Barbatic acid (lichen substance) was detected in the soil samples. This 
way, the difference sporulation was probably due to the presence this substance. 
Key words: arbuscular mycorrhizal fungi, Cladonia salzmannii, barbatic acid, 
allelopathy. 
Supported by: CNPq         
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them to register and have their article automatically added to the system. Please ensure that a complete e-mail 
address is provided when submitting the manuscript. Visit www.blackwellpublishing.com/bauthor for more 
details on online production tracking and for a wealth of resources including FAQs and tips on article 
preparation, submission and more. 
EDITORIAL POLICY 
All submitted papers should be complete in themselves and adequately supported by experimental detail; they 
should not be preliminary versions of communications to be published elsewhere. Descriptions of new methods 
are acceptable, and the Editors are also prepared to consider papers that put forward new hypotheses. However, 
papers that provide confirmatory evidence or merely extend observations firmly established in one species or 
field site to another will not be accepted unless there are strong reasons for doing so. Members of the Editorial 
board and other appropriate experts will referee the papers. Editors handling papers will independently make 
decisions on acceptance, revision or rejection based on the referees' reports. 
The Editors will usually reject papers outside the scope of the journal with an immediate decision. Authors who 
feel that there are substantial grounds for disagreement with an Editor's decision should contact the Chief Editor, 
whose decision will be final. Authors who wish to withdraw their manuscript (at any stage of the process) should 
contact their Editor. 
AIMS AND SCOPE  
FEMS Microbiology Letters 
The Journal aims to publish articles that merit urgent publication by virtue of their originality. MiniReviews 
cover all aspects of microbiology. 
Research Letters cover the following subject categories:  

Biotechnology  
Environmental microbiology; plant-microbe interactions  
Eukaryotic cells  
Evolution, taxonomy and typing  
Genetics and molecular biology  
Genomics and bioinformatics  
Pathogenicity including veterinary microbiology  
Physiology and biochemistry 

MiniReviews   
Commissioned by three Minireviews Editors, who cover wide specialist areas, which reflect the various subject 

categories covered in the journal.  
Free access to MiniReviews in the first month of publication 

Reasons to publish in FEMS Microbiology Letters  
Rapid publication  
Exciting new research published in advance of full seminal studies.  
High quality editorial board with specialist/niche subject editors  
Broad coverage of microbiology subjects  
World-wide readership   
No page or submission charges 

FEMS Microbiology Reviews 
This journal publishes reviews dealing with all aspects of microbiology that have not been surveyed recently. 
They should be devoted to topics of current interest and may be of a speculative and selective nature or they may 
provide comprehensive, critical and authoritative coverage. Reviews should provide new perspectives and 
critical, detailed discussions of significant trends in the areas being reviewed. Historical analyses of important 
subjects will also be accepted. All reviews should address both specialists and the general reader. Whenever 
possible, reviews should be put into the framework of general microbiology and biology. Manuscripts of lectures 
delivered at symposia that do not review the related field are not acceptable, nor are unevaluated compilations of 
the literature.  
FEMS Microbiology Ecology 
The Editors aim to ensure efficient publication of high-quality, innovative and original papers that provide a 
significant contribution to the understanding of microbial ecology.  
The journal contains Research Articles and MiniReviews on fundamental aspects of the ecology of 
microorganisms in natural soil, aquatic and atmospheric habitats, including extreme environments, and in 
artificial or managed environments. Research papers on pure cultures and in the areas of plant pathology and 
medical, food or veterinary microbiology will be published where they provide valuable generic information on 
microbial ecology. 
Papers can deal with culturable and unculturable forms of any type of microorganism: bacteria, archaea, 
filamentous fungi and yeasts, protozoa, algae or viruses. The following topics illustrate, non-exclusively, the 
interests of the journal.  
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Microbial growth, activity, survival and response to environmental stress  
Growth and activity of attached organisms and biofilms  
Microbial population ecology  
Application of ecological theory to microbial ecology  
Interactions and signalling between microorganisms and with plants and animals  
Interactions between microorganisms and their physicochemical environment  
Microbial aspects of biogeochemical cycles and processes  
Microbial community ecology  
Phylogenetic and functional diversity of microbial communities  
Evolutionary biology of microorganisms  
Microbial aspects of environmental pollution  
Application of molecular and genomic technologies in microbial ecology  
The ecology of viruses  
The role of microorganisms in climate change  
Deep sea microbiology 

FEMS Immunology and Medical Microbiology 
The Editors aim to publish high-quality, original Research Articles and MiniReviews dealing with immunology 
and medical microbiology, and especially the interface between the two. The journal focuses on correlates of 
infection and protection, mechanisms and genetics of pathogenesis and immunity including laboratory vaccine 
studies, host-pathogen interactions, disease manifestation, diagnostic medical microbiology including molecular 
identification and epidemiological analysis of medically important viruses, bacteria, fungi and protozoa. The 
journal will consider any paper that exploits post-genomic approaches (functional genomics) in addressing 
biological problems in all areas. 
FEMS Yeast Research 
The Editors aim to ensure efficient publication of high-quality papers that are original and provide a significant 
contribution to the field of yeast research. The journal contains Research Articles and MiniReviews on 
fundamental and applied aspects of all areas of yeast research, including yeast physiology, biochemistry, 
molecular biology, genetics, functional genomics, taxonomy, ecology, medical aspects, diagnostics, food 
spoilage, industrial applications, fermentation and biotechnology. Scientists using yeast as a model organism are 
welcome to submit their manuscript, particularly if this article has direct relevance to the yeast community. 
Papers can deal with any yeast or yeast-like organism. Descriptions of new yeasts will be considered.  
MINIREVIEWS (not applicable to FEMS Microbiology Reviews) 
MiniReviews are concise articles covering topics of current interest or controversial aspects of subjects within 
the scope of the journal. The style for MiniReviews is the same as for research papers or research letters with the 
following amendments: the maximum length of the text is about 7000 words (and for MiniReviews in FEMS 
Microbiology Letters about 3500 words); a combined total of six figures and tables is allowed. Colour figures or 
diagrams are encouraged and will be printed free of charge providing the Editor agrees that the use of colour 
adds value to the MiniReview. There is no rigid format for MiniReviews but they should generally include an 
Abstract and a brief Introduction in which the background to the article is presented. The remainder of the text 
should be arranged under a single, or a maximum two levels of subheading, finishing with a Conclusion or 
Outlook section. 
MiniReviews are normally invited, but prospective authors are encouraged to contact the listed Editors to discuss 
possible contributions: 
a) For FEMS Microbiology Letters: Rustam I. Aminov, Ian Henderson or Richard C. Staples. 
b) For FEMS Microbiology Ecology, FEMS Immunology and Medical Microbiology and FEMS Yeast Research: 
the Chief Editors. 
LETTERS TO THE EDITOR 
Letters to the Editor are brief communications focusing on an article that has been published in the journal 
within the previous six months. They should focus on some aspect(s) of the paper that is, in the author's opinion, 
incorrectly stated or interpreted, controversial, misleading or in some other way worthy of comment. All Letters 
to the Editor must address a scientific issue in an objective fashion, should be fewer than 1000 words, and will 
be externally refereed. If acceptable for publication, they will be offered to the original authors for comment. 
Please choose the manuscript type 'Letter to the Editor' or 'Other' when uploading through the online submission 
system. 
SUBMISSION PROCEDURES  
All FEMS journals 
Manuscripts should be submitted through Manuscript CentralTM http://mc.manuscriptcentral.com/fems. 
Instructions for the submission procedure can be found under 'FEMS Submission Instructions', reached via the 
'Instructions and Forms' button at the top right of all Manuscript Central pages. 
Online production tracking is now available for your article through Blackwell's Author Services. Author 
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Services enables authors to track the status of their article - once it has been accepted - through the production 
process to publication online and in print. Authors can choose to receive automated e-mails at key stages of 
production. Visit http://www.blackwellpublishing.com/bauthor for further details regarding online production 
tracking, and for a wealth of additional resources including FAQs and tips on article preparation and submission. 
FEMS Microbiology Reviews 
Manuscripts reach FEMS Microbiology Reviews by one of the following ways: 
a) Reviews may be solicited from international leading investigators by one of the Editors. 
b) Proposals for reviews of subjects that have not been covered recently may be submitted to the Chief Editor or 
one of the Editors with appropriate interests. Editors' contact details and fields of interest are listed in each issue, 
and email contact is encouraged. 
Such proposals should be accompanied by: 
a) an outline (1-3 pages); 
b) a short statement describing the aim, scope and relevance of the review, and an indication of why the review 
is timely; 
c) information on whether there has been any review covering this or a related field in the past few years, and, if 
so, the specific importance of the proposed review; 
d) a statement as to when the completed review might be expected; 
e) full contact details of four experts in the field who are familiar with the topic; 
f) a list of recent key references showing the contributions to the field made by the author(s). 
The outlines will be evaluated by the Editors who may invite the authors to write the review, if the material is 
satisfactory and of general interest.  
Revision 
Manuscripts may be returned to authors for modification of the scientific content and/or for shortening and 
language corrections. Revised versions must be submitted online through Manuscript Central. You will need to 
go to the list "Manuscripts with Decisions" (under My Manuscripts) and from there you need to click "create a 
revision" at the right-hand side (under Actions). At this stage, we require a source file of your text and tables 
(.doc or .rtf format, but not .pdf). You must clearly indicate in the designated place and/or cover letter the 
changes that have been made. Figures should be uploaded in separate files and at sufficient resolution (see 
section on Preparation of data). All obsolete files of the previous version should be deleted from the revised 
submission. If a paper that is returned to the authors for amendment is not resubmitted in revised form within 
one month (FEMS Microbiology Letters) or two months (other journals) it will be regarded as withdrawn. Any 
revised version received subsequently will be treated as a newly submitted manuscript and the date of receipt 
will be altered accordingly.  
PREPARATION OF MANUSCRIPTS 
Language  
Manuscripts should be in English (consistent either British or American spelling). Authors who are unsure of 
correct English usage should have their manuscripts checked by someone proficient in the language. You are 
strongly advised to ensure that the English is of a publishable standard prior to submission. Manuscripts that are 
deficient in this respect may be returned to the author without peer review. 
Pre-submission English-language editing 
Authors for whom English is a second language may choose to have their manuscript professionally edited 
before submission to improve the English. A list of independent suppliers of editing services can be found at 
http://www.blackwellpublishing.com/bauthor/english_language.asp. All services are paid for and arranged by the 
author, and use of one of these services does not guarantee acceptance or preference for publication.  
Layout of manuscripts 
FEMS strongly recommends that you compile your manuscript in MS Word and save it as a .doc file, using the 
following layout. 
a) Title page, followed by the abstract, main text in one single column and references. 
b) Tables, each on a separate page. 
c) Figure legends. 
d) Figures, putting each figure on a separate page and ensuring that the figure is at least the size it will be in the 
printed document. Include the figure number (e.g. Fig. 1) well outside the boundary of the space occupied by the 
figure. If you wish to upload separate figure files, Manuscript Central will combine your manuscript main body 
and figure files into one online .pdf file. Please ensure that you upload the figures only once, i.e. either 
embedded at the end of the text document or as separate files.  
e) Include page and line numbering.  
f) The right-hand margin justification should be switched off. Artificial word breaks at the end of lines must be 
avoided.  
g) If you do not use MS Word then save in MS Word format in the word processor that you use. Rich text (.rtf) 
format may also be used. 
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h) Use standard fonts (Arial, Times New Roman, Symbol, Helvetica, Times). In your Word document, on the 
Tools menu, click Options, select the Embed TrueType fonts check box and then click the Save tab.  
Length 
One journal page is about three manuscript pages, each table is about 0.3 of a printed page and each figure is 
about 0.25 of a printed page. 
FEMS Microbiology Letters 
Priority will be given to short papers. The majority of papers will occupy only four to six pages of the journal. 
The text (including abstract but excluding the title page, references in text and as list, and figure legends) should 
not exceed 3000 words. References should be kept to a minimum and a combined total of six figures and tables 
are permitted. If the paper exceeds these guidelines, the manuscript will be returned for condensation without 
review unless the authors have provided compelling reasons for the exceptional length. 
FEMS Microbiology Reviews 
The length of the review should be at least eight pages upon publication in the journal. Figures and photographs 
should be kept to a minimum. 
Other FEMS journals 
There is no maximum length for papers, but the length should be justified by the content and authors are urged to 
be concise. Excessively long reference lists should be avoided. Repetition of information in the text and 
illustrations should not occur. Very short papers (short communications) may be published in these journals only 
if they offer a significant, though small, increase in knowledge or understanding of the field. 
Title, authors and keywords 
The manuscript should not form part of a numbered series but should be headed by a concise, informative title. 
Authors are reminded that titles are widely used in information-retrieval systems. 
The title should be followed by the name(s) of the author(s) (with first or middle names in full and including all 
initials) and by the name(s) and address(es) of the institute(s) where the work was performed. For multiple 
authors with different affiliations, please indicate the relevant affiliations. The name, full postal address, 
telephone and fax numbers, and email address of one corresponding author should be provided in a footnote. 
A list of three to six keywords must be included on the first page. Authors are requested to consult the subject 
indices of the individual journals or the list of subject headings from Index Medicus for preferred synonyms and 
standard abbreviations. Plural terms should be avoided. The title is not used for preparing the index, so important 
words and phrases may appear in both the title and keywords. General terms, such as 'Enzyme', 'Membrane', 
'Transport', etc., should not be used unless qualified, e.g. 'Enzyme activation', 'Membrane phosphorylation', 'Ion 
transport'. 
Please supply a short running title of up to 60 characters (including spaces). 
General arrangement of manuscripts 
Materials and methods and Results are normally written in the past tense and the present tense is occasionally 
used in the Introduction and Discussion. 
a) Abstract. This should be a single paragraph of less than 200 words and must be intelligible without reference 
to the full paper. References must not be cited.  
b) Abbreviations should be avoided, but if they have to be used they must be defined the first time they are used 
in the main text. Do not abbreviate genus in the title, keywords, or at first use in the Abstract and Introduction. 
c) Introduction. This should state the objectives but should not contain a summary of the results. 
d) Materials and methods. Sufficient detail must be provided to allow the work to be repeated. Suppliers of 
materials and a brief address should be mentioned if this might affect the results. 
e) Results (the presentation of data is given below). 
f) Discussion. This should not simply recapitulate the Results. Combined Results and Discussion sections are 
encouraged when appropriate. 
g) Acknowledgements can be made to such as funding agencies, colleagues who assisted with the work or the 
preparation of the manuscript, and those who contributed materials or provided unpublished data. 
h) References. 
FEMS Microbiology Reviews 
The review should contain the items listed above, excepting that the Materials and methods and Results sections 
will not be relevant. The Discussion section is preferably replaced by Concluding remarks, which do not repeat 
the Introduction or main sections but may, for example, point to future directions. 
Preparation of supplementary data 
Electronic supplementary material may be provided to support and enhance your manuscript with, e.g. 
supporting applications, movies, animation sequences, high-resolution images, background datasets or sound 
clips. Supplementary files will be published, subject to editorial approval, online alongside the electronic version 
of your article. Authors should submit the supplementary material at the same time as the manuscript, but in 
separate file(s). Select 'Supplemental files', 'Supporting Document' or 'MultiMedia' for the file designation when 
uploading through the online submission system. Upload a separate .doc file listing concise and descriptive 
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captions for each file uploaded as supplementary data. Please indicate that you have uploaded these files in your 
cover letter and state clearly whether they are intended for eventual online publication as supplementary 
material, or are for peer review purposes only. 
Presentation of data  
Do not tabulate or illustrate points that can be adequately and concisely described in the text. Do not repeat 
information in both tables and figures. Figures and tables, along with their legend (and/or footnote), should be 
understandable in their own right without having to refer to the main text. 
(a) Tables. Tables and legends should be typed double-spaced. Explanatory footnotes should be related to the 
legend or table using superscript, lower-case letters. All abbreviations should be defined after the footnotes 
below the table. 
(b) Line art 
- Figures should be supplied at twice their final size with wide margins. 
- A single column figure is 80 mm, two-thirds page width is 114 mm and two column width is 168 mm. 
- All lines should be drawn at 1.5 point (0.5 mm wide), broken line styles may be used to differentiate multiple 
plot lines if desired. 
- Letters and numbers should be 16 point (capitals 4 mm high) non-serif. 
- Symbols in the figure itself should be 3 mm in diameter; the following are preferred: , , , , . Lines 
drawn to accompany the points should not go through hollow symbols. 
- Grid lines should not be used. 
- Numbers used as axis labels should have minimum significant figures; amounts less than unity must carry a 
preceding zero (e.g. 0.5 not .5). 
- Larger composite figures may be designed to occupy 2 columns when this can achieve an overall saving in 
space. The character, line and symbol sizes should be adjusted accordingly to achieve the same sizes on the 
printed page.  
(c) Half-tone and colour figures. Magnification should be indicated where appropriate by inclusion of a bar 
marker. Photographs of electropherograms, etc., in which there is poor contrast may be better replaced by line 
drawings, but in this case the photographs should be submitted for scrutiny by the Editor. If photographs have 
been digitally processed to enhance their quality, this should be stated. Colour illustrations will be published free 
of charge provided that the colour is deemed essential for interpretation of the figure. Please note that colour 
figures will appear in colour in the on-line article, regardless of whether colour was deemed essential for the 
print copy. Suggestions for cover illustrations for the journal are also welcome. 
(d) Electronic submission of figures. High-quality figures are required when the final version of the manuscript is 
uploaded through Manuscript Central, and should be prepared using the following guidelines.  
- Please use high-quality graphics programs such as Adobe Photoshop or Adobe Illustrator.  
- Figures should be at the desired size for the printed article, i.e. 80 mm wide for single column, 114 mm for 
two-thirds page width and 168 mm for double column. 
- For halftones, the resolution should be a minimum of 300 dpi; combination artwork at a minimum of 500 dpi; 
and for line figures preferably 1000 to 1200 dpi.  
- Combination artwork (artwork containing half-tone and line art elements, e.g. electrophoresis gels or Southern 
blots with lane and fragment sizes labeled) must be in EPS. If the combination artwork is scanned the preferred 
format is .tif with a resolution of at least 500 dpi using LZW compression.  
- Colour artwork should be saved as CMYK, not RGB. 
- The following figure formats are acceptable (as long as they are created with the instructions given above): 
- .tif and .eps (please be sure to embed all fonts used) 
- Illustrator (.ai) or Photoshop files (.psd) 
- One file must be submitted for each figure. 
- Save files with LZW compression. 
You will find further helpful and simplified guidelines by clicking the 'Preferred FEMS format for revised 
manuscripts' icon, reached via the 'Instructions and Forms' button at the top right of all Manuscript Central 
pages. Detailed information can be found at http://www.blackwellpublishing.com/authors/illustration.asp.  
In principle, the electronic files will be used for producing the final publication, but the Publisher may request a 
set of high-quality printouts of your figures for production purposes. 
(e) Figure legends. Legends should consist of a preliminary sentence constituting a title, followed by a brief 
description of the way the particular experiment was carried out, and any other necessary description of symbols 
or lines. All abbreviations must be defined.  
Reproducibility of results and statistical tests (except for FEMS Microbiology Reviews) 
Authors should state how many times experiments were repeated and whether mean or representative results are 
shown. Variability should be indicated statistically wherever possible as part of, but not in place of, a proper 
statistical analysis. If results are expressed as percentages, the absolute value corresponding to 100% must be 
stated. Avoid values with unjustified numbers of significant figures; in most cases three significant figures is 
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consistent with the accuracy attained in microbiological experiments. 
Results of statistical tests should be presented wherever possible as evidence for conclusions reached. Such 
information must be presented concisely to illuminate the results, but not to dominate them. The tests used 
should be briefly described in the Materials and methods section. Details of the diagnostic checks made for the 
assumptions of the statistical tests and for the validity of any transformations used should be stated clearly. 
Further information can be found in the following references: (a) Sokal, R.R. and Rohlf, F.J. (1981). Biometry. 
W.H. Freeman, San Francisco; (b) Fry, J.C. (1993). Biological Data Analysis: A Practical Approach. IRL Press, 
Oxford.  
Nomenclature, abbreviations and units 
Authors should follow internationally accepted rules and conventions. Authors should provide evidence for the 
thorough identification of new isolates and use the most recent acceptable name. 
Prokaryotes. The spelling of bacterial names should follow the list of Prokaryotic Names with Standing in 
Nomenclature http://www.bacterio.cict.fr/. If there is a reason to use a name that does not have standing in 
nomenclature, the name should be printed in roman type and enclosed in quotation marks and an appropriate 
statement concerning the nomenclatural status of the name should be made in the text (for an example, see Int. J. 
Syst. Bacteriol. (1980) 30, 547-556). 
Fungi. The authors should use recently accepted binomials controlled by the International Code of Botanical 
Nomenclature (http://www.bgbm.fu-berlin.de/iapt/nomenclature/code/SaintLouis/0000St.Luistitle.htm). 
Scientific names of yeasts can be found in: The Yeasts: a Taxonomic Study, 4th ed. (C. P. Kurtzman and J. W. 
Fell, ed., Elsevier B.V., Amsterdam, The Netherlands, 1998). Taxonomic texts should cite nomenclatural 
authorities at the first time a name is mentioned. For abbreviation of authors' names, see 
http://www.indexfungorum.org/AuthorsOfFungalNames.htm. All bacterial taxa should be italicized. 
Viruses. Names used for viruses should be those approved by the International Committee on Taxonomy of 
Viruses (ICTV) http://www.ncbi.nlm.nih.gov/ICTVdb/. If desired, synonyms may be added parenthetically when 
the name is first mentioned. Approved generic (or group) and family names may also be used. 
Enzymes. For enzymes, use the recommended (trivial) name assigned by the Nomenclature Committee of the 
International Union of Biochemistry and Molecular Biology as described in Enzyme Nomenclature 
http://www.chem.qmw.ac.uk/iubmb/enzyme/.  
Genes. Genetic nomenclature should essentially follow the recommendations of Demerec et al. (Genetics (1966) 
54, 61-76), and those given in the instructions to authors of the Journal of Bacteriology and Molecular and 
Cellular Biology (January issues). 
Biochemical compounds. Consult the European Journal of Biochemistry or the Nomenclature Committee of the 
International Union of Biochemistry and Molecular Biology (http://www.chem.qmw.ac.uk/iubmb/). 
Abbreviations. Abbreviations should only be used as an aid to the reader and their use should be strictly limited. 
Define each abbreviation and introduce it in parentheses the first time it is used: e.g. 'cultures were grown in 
Eagle minimal essential medium (MEM)'. Eliminate abbreviations that are not used at least six times in the 
manuscript. In addition to abbreviations to the international system of units of measurements, other common 
units (e.g., bp, kb, Da), chemical symbols for the elements, and the standard biochemical abbreviations (see Eur. 
J. Biochem.) should be used without definition. 
Standard chemical symbols and trivial names or their symbols (folate, Ala, Leu, etc.) may be used for terms that 
appear in full in the neighbouring text. 
Abbreviations other than those recommended by the IUPAC-IUB (Biochemical Nomenclature and related 
Documents, 1978) should be used only when a case can be made for necessity, such as in tables and figures. 
Reporting numerical data. The international system of units (SI) should be used; mL is acceptable in place of 
cm3 for liquid measures. The form for units is g mL-1 and not g/mL, parentheses should be used to improve 
clarity, e.g. mL (g dry wt soil)-1 h-1. 
The prefixes k, m, , n, and p should be used in combination with the standard units for reporting length, weight, 
volume and molarity for 103, 10-6, 10-9, and 10-12, respectively. Use g mL-1 or g g-1 instead of the 
ambiguous ppm. 
Units of temperature are presented as follows: 37 °C or 324 K. 
References 
Reference citations in the text follow the name and date system. References should be inserted in parentheses in 
date order, as follows: (Brown, 1996; Brown & Smith, 1997; Smith et al., 1998). The reference list itself must be 
in alphabetical order according to the first-named author, then by number of authors, then chronologically within 
the one-author group, alphabetically within the two-author group and chronologically within the three or more 
author group. The title of the article must be included. For papers with ten or fewer authors, all authors must be 
listed. For papers with eleven or more authors, the first three names should be listed, followed by 'et al.'. 
Standard abbreviations of journal titles should be used, as in the Index Medicus. The following formats should 
be followed:  
O'Donnell CM & Edwards C (1992) Nitrosating activity in Escherichia coli. FEMS Microbiol Lett 95: 87-94. 
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Dinter Z & van Morein B (1990) Virus Infections in Ruminants. Elsevier, Amsterdam. 
McCarthy AJ (1989) Thermomonospora. Bergey's Manual of Systematic Bacteriology, Vol. 4 (Williams ST, 
Sharpe ME & Holt JG, eds), pp. 2552-2572. Williams and Wilkins, Baltimore, MD. 
Tang CR (2001) Cloning of a new ice nucleation active gene for insect pest control. PhD Thesis, Chinese 
Academy of Agricultural Sciences, Beijing. 
Reference should not be made to work 'in press' unless it has been accepted for publication; a DOI number 
should then be provided. Unpublished results and personal communications may be mentioned within the text 
itself provided that (a) the names and initials of all the persons involved are listed, and (b) they have all granted 
permission for the citation. Unpublished accession numbers for nucleotide sequences and similar information 
must be accompanied by sufficient details to allow the relevant information to be retrieved. 
Endnote Output Styles can be downloaded from the following website: http://www.fems-
microbiology.org/journals.  
Nucleotide and amino acid sequences 
Any new nucleotide or amino acid sequences must be deposited in an appropriate data bank. Authors are 
encouraged to use the EMBL Data Library but can also use other archives, such as GenBank. An accession 
number must be obtained before submission to the Editors and this fact should be mentioned in the 
covering letter. Authors should include the accession number in the appropriate figure legend. Authors wishing 
to enable other scientists to use the accession numbers cited in their papers via links to these sources, should type 
this information in bold, underlined text. Letters in the accession number should always be capitalised (e.g. 
GenBank accession nos. AI631510, AI631511, AI632198 and BF223228). Authors are advised to check 
accession numbers very carefully. An error in a letter or number can result in a dead link. In the final 
version of the printed article, the accession number text will not appear bold or underlined. In the final version of 
the electronic copy, the accession number text will be linked to the appropriate source in the NCBI databases 
enabling readers to go directly to that source from the article. 
PROOFS AND AUTHOR SERVICES 
Alterations made at the proof stage may be charged for by the Publisher. Queries will be addressed to the 
corresponding author. The Editors reserve the right to make minor alterations to the text without altering the 
scientific content.  
The corresponding author will be able to track the progress of the manuscript via the publisher's Author Services 
site. Once the article is with the Production Editors, an email will be sent with a unique code that automatically 
adds the article to the system. With Author Services the author can check the status of his/her article online and 
choose to receive automated emails at key stages of production.  
When proofs have been produced, the corresponding author will receive an email alert from the Publisher 
containing a link to a web site. It is therefore essential that the email address of the corresponding author is 
working and current. The proof can be downloaded as a PDF file from this site. Acrobat Reader will be required 
in order to read this file. This software can be downloaded (free of charge) from the following web site: 
http://www.adobe.com/products/acrobat/readstep2.html. This will enable the file to be opened, read on screen or 
printed out. Further instructions will be sent with the proof regarding how to indicate and communicate any 
changes to the Publisher. Hard copy proofs will be posted if no email address is available. Excessive changes 
made by the author in the proofs, excluding typesetting errors, will be charged separately. 
For FEMS Microbiology Letters, the Publisher reserves the right to proceed with publication if corrections 
are not communicated within three days. 
COPYRIGHT 
The corresponding author will receive, upon acceptance of an article, a Copyright Assignment form. The 
Editorial Office administers these forms and will only forward accepted material to the Publisher if a signed 
form has been received.  

OFFPRINTS 
A PDF offprint of the online published article will be provided free of charge to the corresponding author, and 
may be distributed subject to the Publisher's terms and conditions. Paper offprints of the printed published article 
may be purchased if ordered via the method stipulated on the instructions that will accompany the proofs. 
Printed offprints are posted to the correspondence address given for the paper unless a different address is 
specified when ordered. Note that it is not uncommon for printed offprints to take up to eight weeks to arrive 
after publication of the journal. 
ETHICAL AND RELATED ASPECTS 
The Editors expect that new and variant organisms, viruses and vectors described in FEMS journals will be made 
available, under written request and for their own use, to all qualified members of the scientific community. If 
delays in strain or vector distribution are anticipated or if they are available from sources other than the authors, 
this should be indicated. The Editors encourage authors to deposit important strains in publicly accessible culture 
collections and to refer to the collections and strain numbers in the text. In the case of materials that have been 
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distributed by individuals, authors should indicate the laboratory strain designations and name and address of the 
donor as well as the original culture collection identification number, if any. 
Papers describing experimental work with humans must include a statement that the Ethical Committee of the 
institution in which the work was done has approved it, and that the subjects gave informed consent to the work. 
Experiments with animals or with genetically manipulated organisms must have been undertaken in accordance 
with the legal requirements of the relevant local or national authority. Procedures must be such that experimental 
animals do not suffer unnecessarily. 
Submission of a manuscript implies that the work described has not been published before (except in the form of 
an abstract or as part of a published lecture, review or academic thesis, in which case reference should be made 
in a footnote to the title) and that it is not under consideration for publication elsewhere. The corresponding 
author must ensure that its publication has been approved by all co-authors and tacitly or explicitly by the 
responsible authorities in the laboratories where the work was carried out and that all persons entitled to 
authorship have been named. If accepted, the article must not be published elsewhere in the same form in 
either the same or another language, without the consent of the Editor and Publisher. Each named author must be 
responsible for at least the part describing his or her contribution and must have seen the entire final text before 
submission and any substantial subsequent revisions. The Editors must be notified in writing by the 
corresponding author of any deviation from these rules. Should any author become aware of a breach of ethics 
he/she should contact the Chief Editor of the journal who will endeavour to retract the article. Articles published 
in FEMS journals represent the scientific findings and opinions of the authors. Whilst the Editors and Publisher 
make every effort to ensure the accuracy of all published matter, they can accept no responsibility or liability, 
collectively or individually, for any erroneous, misleading or unintentionally damaging statements, which may 
appear in the journal. Authors must draw attention in the Materials and methods to any chemical or biological 
hazards that may be involved in the experiments described. 
PERMISSION TO REPRODUCE MATERIAL 
Individuals wishing to reproduce material (not exceeding 250 words of text) from articles published in FEMS 
journals for non-commercial purposes may do so providing the original publication is acknowledged accordingly 
and the authors' approval is obtained, and in this case no special permission is needed from the Publisher. 
Authors may also include the article in a thesis without special permission. In all other cases, permissions may 
be sought directly from the Journal Rights Department: email journalsrights@oxon.blackwellpublishing.com.                       
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Guide for Authors     

This journal is a forum for research on soil organisms, their biochemical activities and their influence on the soil 
environment and plant growth. It publishes original work on quantitative, analytical and experimental aspects of 
such research. Soil biology and soil biochemistry cover many scientific disciplines but a single journal brings 
together the results and views of research workers working in a wide variety of research areas. The scope of this 
journal is wide and embraces accounts of original research on the biology, ecology and biochemical activities of 
all forms of life that exist in the soil environment. Some of the subjects which have proved to be prominent are 
the biological transformations of plant nutrients in soil, nitrogen fixation and denitrification, soil-borne phases of 
plant parasites, the ecological control of soil-borne pathogens, the influence of pesticides on soil organisms, the 
biochemistry of pesticide and pollution decomposition in soil, microbial aspects of soil pollution, the 
composition of soil populations, modelling of biological processes in soil systems, the biochemical activities of 
soil organisms, soil enzymes and the interactions of soil organisms with plants and the effects of tillage on soil 
organisms and soil biochemistry.   

Soil Biology & Biochemistry is abstracted in Agronomy, Crop and Science Alert, the free alerting service from 
Elsevier for authors and researchers active in these disciplines.   

Types of contribution  
1. Regular papers. Original full-length research papers which have not been published previously, except in a 
preliminary form, may be submitted as regular papers.  

2. Short communications. These should not exceed 1200 words (three printed pages) or their equivalent, 
excluding references and legends. Submissions should include a short abstract not exceeding 10% of the length 
of the communication and which summarizes briefly the main findings of the work to be reported. The bulk of 
the text should be in a continuous form that does not require numbered sections such as Introduction, Materials 
and methods, Results and Discussion. However, a Cover page, Abstract and a list of Keywords are required at 
the beginning of the communication and Acknowledgements and References at the end. These components are 
to be prepared in the same format as used for full-length research papers. Occasionally authors may use sub-titles 
of their own choice to highlight sections of the text.  

3. Review articles. Review articles are welcome but should be topical and not just an overview of the literature. 
Before submission please contact one of the Chief Editors.   

4. News and Views. Authors may submit comments and views on any subject covered by the Aims and Scope. 
The article should be about 1200 words, and submitted to a Chief Editor.  

5. Letters to the Editor. Letters are published from time to time on matters of topical interest. These should be 
submitted directly to one of the Editors-in-Chief.  

Submission of Manuscripts  
Papers for consideration should be submitted to Elsevier Editorial System which can be accessed at 
http://authors.elsevier.com/journal/soilbio  
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Submission of an article is understood to imply that the article is original and is not being considered for 
publication elsewhere. Submission also implies that all authors have approved the paper for release and 
are in agreement with its content.   

Electronic manuscripts   

Submission to this journal proceeds totally on-line. Use the following guidelines to prepare your article. Via the 
Author Gateway page of this journal you will be guided stepwise through the creation and uploading of the 
various files. Once the uploading is done, our system automatically generates an electronic (PDF) proof, which is 
then used for reviewing. It is crucial that all graphical elements be uploaded in separate files, so that the PDF is 
suitable for reviewing. Authors can upload their article as a LaTex, Microsoft (MS) Word, WordPerfect, 
PostScript or Adobe Acrobat PDF document. All correspondence, including notification of the Editor's decision 
and requests for revisions, will be by e-mail.  

Electronic format requirements for accepted articles   

We accept most wordprocessing formats, but Word, WordPerfect or LaTeX is preferred. Always keep a backup 
copy of the electronic file for reference and safety. Save your files using the default extension of the program 
used.   

Wordprocessor documents   

It is important that the file be saved in the native format of the wordprocessor used. The text should be in single-
column format. Keep the layout of the text as simple as possible. Most formatting codes will be removed and 
replaced on processing the article. In particular, do not use the wordprocessor's options to justify text or to 
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. Do not embed 'graphically 
designed' equations or tables, but prepare these using the wordprocessor's facility. When preparing tables, if you 
are using a table grid, use only one grid for each individual table and not a grid for each row. If no grid is used, 
use tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar to that of 
conventional manuscripts (see also the Author Gateway's Quickguide . Do not import the figures into the 
text file but, instead, indicate their approximate locations directly in the electronic text and on the manuscript. 
See also the section on Preparation of electronic illustrations.  

To avoid unnecessary errors you are strongly advised to use the 'spellchecker' function of your wordprocessor.  

Preparation of manuscripts  
1. The Chief Editors request that papers submitted for publication should be written concisely and clearly. 
Manuscripts should be written in English. Authors whose native language is not English are strongly advised to 
have their manuscripts checked by an English-speaking colleague prior to submission. Either the Concise Oxford 
Dictionary or Webster's New International Dictionary may be used as a standard for English spelling.  

English language help service:  
Upon request, Elsevier will direct authors to an agent who can check and improve the English of their paper 
(beforesubmission). Please contact authorsupport@elsevier.com for further information.   

2. Manuscripts should be prepared with all lines of text throughout the manuscript numbered continuously 
from page to page, with wide margins and double spacing throughout, i.e. also for abstracts, footnotes and 
references. Every page of the manuscript, including the title page, references, tables, etc. should be 
numbered. However, in the text no reference should be made to page numbers; if necessary, one may refer to 
sections. Underline words that should be in italics, and do not underline any other words. Avoid excessive use of 
italics to emphasize part of the text. 
3. Authors should provide a separate cover page including: 
Type of contribution 
Date of preparation, number of text pages, number of tables, figures etc. 
Title (should be clear, descriptive and not too long) 
Names of authors 
Complete postal address(es) or affiliations 
Full telephone, Fax No. and E-mail address of the corresponding author 
Present addresses of authors if applicable 
Complete correspondence address to which the proofs should be sent as a footnote indicated with an asterisk 
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Special instructions to the printer such as: (a) magnification of photographs, (b) layout of figures, (c) unusual 
positioning of Figures and Tables in relation to text; (d) if the submitted paper is one of a series of papers to be 
published in the journal the order in which the papers are to appear should be indicated.  

4. Manuscripts should be organised in the following sequence: 
Cover page (see above) 
Abstract 
Keywords 
Introduction 
Materials and methods 
Results 
Discussion (including Conclusions) 
Acknowledgements and any additional information concerning research grants, etc. 
References 
Tables 
Figure captions5. In typing the manuscript, titles and subtitles should not be run within the text. They should be 
typed on a separate line, without indentation. Use lower-case letter type. First and second order headings should 
be numbered.  

6. SI units should be used, but authors may include conversions for unfamiliar units (1 bar=0.1 MPa). Do not 
include periods. Note the following conventions: e.g. not eg., rev min-1not rpm, mg kg-1 or l-1 not ppm, 1 bar 
equals 0.1 MPa, round off units to eliminate unnecessary decimal places, e.g. 124 m not 0.124 mm (note space 
between number and unit), l not L for litre, kg not Kg, s not sec, min not mins, h not hr, d for day, y not yr, 25 t 
ha-1 not 25 tonnes/ha, 3 mg cm-3 not three mg per cubic cm, 23°C and 23% (no spaces), (Keating et al., 1996) not 
(Keating et al, 1996), al. is an abbreviation of alii (others - Latin). Molar concentrations should appear in small 
caps.   

7. Abbreviations may be used for unwieldy names which occur frequently and such abbreviations must be 
defined the first time they occur in the text. Conventional abbreviations, e.g. EDTA, ATP, 2,4-D should be used 
in preference to freshly coined ones.  

8. Elsevier reserves the privilege of returning to the author for revision accepted manuscripts and illustrations 
which are not in the proper form given in this guide. On arrival at the Editorial Office, papers will be checked to 
determine if they conform to the style and format for Soil Biology & Biochemistry. Papers that do not comply 
may be returned to the corresponding author with a check list detailing faults and omissions.  

Avoid new or uncommon acronyms. Use single letters (Greek, Roman, italic) for variables with subscripts as 
appropriate.   

Title  
This should be clear, descriptive and brief . Avoid non-specific phrases such as "A study of..." or "The effects 
of...". Do not give the title a numbered subtitle or series number.  

Abstract  
The abstract should be clear, descriptive and not longer than 400 words. 
Keywords  
Keywords are index terms or descriptions for information retrieval systems, normally 6 to 10 items. Words 
selected should reflect the essential topics of the article and may be taken from both the title and the text. Do not 
select "soil"  

Introduction  
This should give the reasons for doing the work. As this is a specialist journal a detailed review of the literature 
is not necessary. The Introduction should preferably conclude with a final paragraph stating concisely and 
clearly the Aims and Objectives of the investigation.  

Materials and methods  
A full technical description of a method should be given in detail only when the method is new.  

Results  
This need only report results of representative experiments illustrated by Tables and Figures. Use well-known 
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statistical tests in preference to obscure ones. Consult a statistician or a statistics text for detailed advice.  

Discussion  
This section must not recapitulate results but should relate the authors' experiments to other work and give their 
conclusions, which may be given in a subsection headed Conclusions.   

Acknowledgements  
Do not include grant numbers or institutional journal publication numbers.  

Tables  
1. Authors should take notice of the limitations set by the size and lay-out of the journal. Large tables should be 
avoided. Reversing columns and rows will often reduce the dimensions of a table.  

2. If many data are to be presented, an attempt should be made to divide them over two or more tables.   

3. Drawn tables, from which blocks need to be made, should not be folded.  

4. Tables should be numbered according to their sequence in the text. The text should include references to all 
tables. 
5. Each table should be typewritten on a separate page of the manuscript. Tables should never be included in the 
text.  

6. Tables and their footnotes should be typed using a readable uniform font of the same size as that used in the 
text. Each text should have a brief and self-explanatory title.  

7. Column headings should be brief, but sufficiently explanatory. Standard abbreviations of units of 
measurement should be added between parentheses.  

8. Vertical lines should not be used to separate columns. Leave some extra space between the columns instead.  

9. Any explanation essential to the understanding of the table should be given as a footnote at the bottom of the 
table.  

10. Zero results must be represented by 0 and no determination by ND; the dash sign (-) is ambiguous. Report 
data in such a way that readers can assess the degree of experimental variation and estimate the variability or 
precision of the findings. Use the standard deviation SD and the mean to summarise data and to show the 
variability among individuals. Use the standard error of the mean SEM to show the precision of the sample 
mean. Always state the number of measurements on which means are based. In tables and figures use asterisks to 
indicate probability values (P). In footnotes or text show the degree of significance of P, e.g. P <0.05*.  

Electronic Illustrations   

Submitting your artwork in an electronic format helps us to produce your work to the best possible standards, 
ensuring accuracy, clarity and a high level of detail. 
1. Always supply high-quality printouts of your artwork, in case conversion of the electronic artwork is 
problematic. 
2. Make sure you use uniform lettering and sizing of your original artwork. 
3. Save text in illustrations as "graphics" or enclose the font.  
4. Only use the following fonts in your illustrations: Arial, Courier, Helvetica, Times, Symbol. 
5. Number the illustrations according to their sequence in the text. 
6. Use a logical naming convention for your artwork files, and supply a separate listing of the files and the 
software used. 
7. Provide all illustrations as separate files. 8. Provide captions to illustrations separately. 
9. Produce images near to the desired size of the printed version. 
A detailed guide on electronic artwork is available on our website: 
http://authors.elsevier.com/artwork

   

You are urged to visit this site; some excerpts from the detailed information are given here.   

Formats  
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Regardless of the application used, when your electronic artwork is finalised, please "save as" or convert the 
images to one of the following formats (Note the resolution requirements for line drawings, halftones, and 
line/halftone combinations given below.): 
EPS: Vector drawings. Embed the font or save the text as "graphics". 
TIFF: Colour or greyscale photographs (halftones): always use a minimum of 300 dpi 
TIFF: Bitmapped line drawings: use a minimum of 1000 dpi. 
TIFF: Combinations bitmapped line/half-tone (colour or greyscale): a minimum of 500 dpi is required. 
DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft Office applications please 
supply "as is".  

Please do not:   
Supply embedded graphics in your wordprocessor (spreadsheet, presentation) document;  
Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the resolution is too low;  
Supply files that are too low in resolution;  
Submit graphics that are disproportionately large for the content.  

Non-electronic Illustrations   

For illustrations that are unable to be uploaded electronically hard copies will be accepted. 
Please send to: 
The Editorial Office of Soil Biology & Biochemistry  
P.O. Box 181 
1000 AD Amsterdam 
The Netherlands  

Provide all illustrations as high-quality printouts, suitable for reproduction (which may include reduction) 
without retouching. Number illustrations consecutively in the order in which they are referred to in the text. 
Clearly mark all illustrations on the back (or - in case of line drawings - on the lower front side) with the figure 
number and the author's name and, in cases of ambiguity, the correct orientation. Mark the appropriate position 
of a figure in the article.  

Colour illustrations   

If, together with your accepted article, you submit usable colour figures then Elsevier will ensure, at no 
additional charge, that these figures will appear in colour on the web (e.g., ScienceDirect and other sites) 
regardless of whether or not these illustrations are reproduced in colour in the printed version. 
For colour reproduction in print, you will receive information regarding the costs from Elsevier after receipt of 
your accepted article. For further information on the preparation of electronic artwork, please see 
http://authors.elsevier.com/artwork. 
Please note: Because of technical complications which can arise by converting colour figures to grey scale (for 
the printed version should you opt to not pay for colour in print) please submit in addition usable black and white 
prints corresponding to all the colour illustrations. 
As only one figure caption may be used for both colour and black and white versions of figures, please ensure 
that the figure captions are meaningful for both versions, if applicable.  

Please note: Because of technical complications which can arise by converting colour figures to 'grey scale' (for 
the printed version should you not opt for colour in print) please submit in addition usable black and white prints 
corresponding to all the colour illustrations.  

References   

Note: Authors are strongly encouraged to check the accuracy of each reference against its original source.   

1. All publications cited in the text should be presented in a list of references following the text of the 
manuscript. The manuscript should be carefully checked to ensure that the spelling of author's names and dates 
are exactly the same in the text as in the reference list. 
2. In the text refer to the author's name (without initial) and year of publication, followed - if necessary - by a 
short reference to appropriate pages. Examples: "Since Peterson (1988) has shown that..." "This is in agreement 
with results obtained later (Kramer,1989, pp. 12-16)".  
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3. If reference is made in the text to a publication written by more than two authors the name of the first author 
should be used followed by "et al.". This indication, however, should never be used in the list of references. In 
this list names of first author and co-authors should be mentioned.  

4. References cited together in the text should be arranged chronologically. The list of references should be 
arranged alphabetically on authors' names, and chronologically per author. If an author's name in the list is also 
mentioned with co-authors the following order should be used: publications of the single author, arranged 
according to publication dates -- publications of the same author with one co-author -- publications of the author 
with more than one co-author. Publications by the same author(s) in the same year should be listed as 1974a, 
1974b, etc.  

5. Use the following system for arranging your references, please note the proper position of the punctuation:  

a. For periodicals  
Zelles, L., Bai, Q.Y., Beck, T., Beese, F., 1992. Signature fatty acids in phospholipids and lipopolysaccharides as 
indicators of microbial biomass and community structure in agricultural soils. Soil Biology & Biochemistry 24, 
317-323.  

b. For edited symposia, special issues, etc., published in a periodical  
Rice, K., 1992. Theory and conceptual issues. In: Gall, G.A.E., Staton, M. (Eds.), Integrating Conservation 
Biology and Agricultural Production. Agriculture, Ecosystems and Environment 42, 9-26.  

c. For books  
Gaugh, Jr., H.G., 1992. Statistical Analysis of Regional Field Trials. Elsevier, Amsterdam, 278 pp.  

d. For multi-author books  
DeLacy, I.H., Cooper, M., Lawrence, P.K., 1990. Pattern analysis over years of regional variety trials: 
relationship among sites. In: Kang, M.S. (Ed.), Genotype by Environment Interaction and Plant Breeding. 
Louisiana State University, Baton Rouge, LA, pp. 189-213.  

6. In the case of publications in any language other than English, the original title is to be retained. However, the 
titles of publications in non-Roman alphabets should be transliterated, and a notation such as "(in Russian)" or 
"(in Greek, with English abstract)" should be added.  

7. Work accepted for publication but not yet published should be referred to as "in press". Authors should 
provide evidence (such as a copy of the letter of acceptance).  

8. References concerning unpublished data, theses, and "personal communications" should not be cited in the 
reference list but may be mentioned in the text.  

Formulae  
1. Formulae should be typewritten, if possible. Leave ample space around the formulae.  

2. Subscripts and superscripts should be clear.  

3. Greek letters and other non-Roman or handwritten symbols should be explained in the margin where they are 
first used. Take special care to show clearly the difference between zero (0) and the letter O, and between one (1) 
and the letter l.  

4. Give the meaning of all symbols immediately after the equation in which they are first used.  

5. For simple fractions use the solidus (/) instead of a horizontal line.  

6. Equations should be numbered serially at the right-hand side in parentheses. In general only equations 
explicitly referred to in the text need be numbered.  

7. The use of fractional powers instead of root signs is recommended. Also powers of e are often more 
conveniently denoted by exp.  

8. Levels of statistical significance which can be mentioned without further explanation are *P <0.05, **P <0.01 
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and ***P <0.001.  

9. In chemical formulae, valence of ions should be given as, e.g., Ca2+, not as Ca++.  

10. Isotope numbers should precede the symbols, e.g., 18O.  

Footnotes  
Footnotes should only be used to provide addresses of authors or to provide explanations essential to the 
understanding of Tables.  

Nomenclature  
1. Authors and editors are, by general agreement, obliged to accept the rules governing biological nomenclature, 
as laid down in the International Code of Botanical Nomenclature, the International Code of Nomenclature of 
Bacteria, and the International Code of Zoological Nomenclature.  

2. All organisms should be identified by their scientific names when the English term is first used,with the 
exception of common domestic animals. The authority of a species should only be given in the Materials and 
Methods section.  

3. All biocides and other organic compounds must be identified by their Geneva names when first used in the 
text. Active ingredients of all formulations should be likewise identified.  

4. For chemical nomenclature, the conventions of the International Union of Pure and Applied Chemistry and the 
official recommendations of the IUPAC-IUB Combined Commission on Biochemical Nomenclature should be 
followed.  

Supplementary data   

Elsevier now accepts electronic supplementary material to support and enhance your scientific research. 
Supplementary files offer the author additional possibilities to publish supporting applications, movies, 
animation sequences, high-resolution images, background datasets, sound clips and more. Supplementary files 
supplied will be published online alongside the electronic version of your article in Elsevier web products, 
including ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is 
directly usable, please ensure that data is provided in one of our recommended file formats. Authors should 
submit the material in electronic format together with the article and supply a concise and descriptive caption 
foreach file. For more detailed instructions please visit our Author Gateway at http://authors.elsevier.com.   

Copyright   

1. An author, when quoting from someone else's work or when considering reproducing an illustration or table 
from a book or journal article, should make sure that he is not infringing a copyright. 
2. Although in general an author may quote from other published works, he should obtain permission from the 
holder of the copyright if he wishes to make substantial extracts or to reproduce tables, plates, or other 
illustrations. If the copyright-holder is not the author of the quoted or reproduced material, it is recommended 
that the permission of the author should also be sought. 
3. Material in unpublished letters and manuscripts is also protected and must not be published unless permission 
has been obtained. 
4. A suitable acknowledgement of any borrowed material must always be made.  

Proofs   

When your manuscript is received at the Publisher it is considered to be in its final form. Proofs are not to be 
regarded as 'drafts'.  

One set of page proofs in PDF format will be sent by e-mail to the corresponding author, to be checked for 
typesetting/editing. No changes in, or additions to, the accepted (and subsequently edited) manuscript will be 
allowed at this stage. Proofreading is solely your responsibility.  

A form with queries from the copy editor may accompany your proofs. Please answer all queries and make any 
corrections or additions required. 
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The Publisher reserves the right to proceed with publication if corrections are not communicated. Return 
corrections within two working days of receipt of the proofs. Should there be no corrections, please confirm this.  

Elsevier will do everything possible to get your article corrected and published as quickly and accurately as 
possible. In order to do this we need your help. When you receive the(PDF) proof of your article for correction, 
it is important to ensure that all of your corrections are sent back to us in one communication. Subsequent 
corrections will not be possible, so please ensure your first sending is complete. Note that this does not mean you 
have any less time to make your corrections, just that only one set of corrections will be accepted.  

Offprints  
1. Twenty-five offprints for regular papers will be supplied free of charge.  

2. Additional offprints can be ordered on an offprint order form, which is included with the proofs.  

3. UNESCO coupons are acceptable in payment of extra offprints.  

Soil Biology & Biochemistry does not have page charges.   

Author Services  
Authors can keep a track on the progress of their accepted article, and set up e-mail alerts informing them of 
changes to their manuscript's status, by using the "Track a Paper" feature of Elsevier's Author Gateway

 

http://authors.elsevier.com. For privacy, information on each article is password-protected. The author should 
key in the "Our Reference" code (which is in the letter of acknowledgement sent by the publisher on receipt of 
the accepted article) and the name of the corresponding author. In case of problems or questions, authors may 
contact the Author Service Department, E-mail: authorsupport@elsevier.com. Information about Soil 
Biology & Biochemistry is available on the World Wide Web at the following addresses:  

http://www.elsevier.com/locate/soilbio
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