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Observar a natureza é encantador. 

Compreender a natureza é fascinante.  
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RESUMO 

Agroecossistemas, como a lavoura de arroz, passam por intensas e rápidas transformações 

devido ao uso de fertilizantes e agrotóxicos que podem causar efeitos deletérios em 

organismos não alvo, como as microalgas. Dessa forma, o presente estudo teve como 

objetivo avaliar a variação da riqueza, composição e abundância de espécies de 

diatomáceas do sedimento e das microalgas encontradas no plâncton e epifíton da lavoura 

de arroz orgânico e convencional, com ênfase nos impactos dos herbicidas clomazone e 

penoxsulam. As amostragens foram efetuadas em campo em duas lavouras de arroz 

irrigado no estado do Rio Grande do Sul. Amostras de solo para análise das diatomáceas 

foram coletadas em três unidades amostrais e em quatro períodos: um dia antes da 

aplicação dos herbicidas e três datas posteriores. Amostras de água e a raspagem dos 

colmos do arroz foram realizadas em dois períodos após a aplicação. Foram verificados 

pH, temperatura, turbidez, condutividade elétrica e a concentração residual dos herbicidas 

no solo e na água. Variações da riqueza, composição e abundância das comunidades 

foram verificadas após a aplicação dos herbicidas. Menor riqueza de espécies no sistema 

de cultivo convencional foi observada na comunidade de diatomáceas do sedimento e 

epifíton que, provavelmente, estiveram maior tempo em contato com os herbicidas. 

Diferenças na composição de espécies entre os sistemas de cultivo foram mais evidentes 

na comunidade fitoplanctônica e no sedimento. Redução e aumento na abundância de 

algumas espécies de diatomáceas foram verificadas no sedimento além de formas 

teratológicas em Hantzschia amphioxys f. capitata, Luticola intermedia, L. cristinae, 

Navicula rostellata, Stauroneis lapponica e especialmente em Stauroneis reichardtii. 

Espécies de diatomáceas foram registradas como características de cada sistema de 

cultivo. Na lavoura de arroz convencional destacaram-se em abundância as espécies: 

Caloneis fontinalis, Hantzschia amphioxys var. amphioxys f. capitata, Luticola cristinae, 

Luticola fuhrmanni, Sellaphora sp. (grupo pupula), Nitzschia amphibia, Nitzschia 

perminuta, Nitzschia palea, Nitzschia brevissima var. brevissima, Neidium sp2, 

Pinnularia brebissonii, Pinnularia aff schimanskii, Pinnularia dubitabilis, Pinnularia 

borealis, Stauroneis borrichii, Stauroneis lapponica e Stauroneis reichardtii. Na lavoura 

de arroz orgânico, destacaram-se as espécies: Craticula sp1, Eunotia didyma var. 

gibbosa, Eunotia botuliformis, Eunotia longicamelus, Eunotia intermedia, Eunotia 

pseudosudetica, Frustulia guayanensis subsp. ecuadoriana, Frustulia saxonica, 

Hantzschia sp3, Humidophila contenta, Navicula leptostriata, Pinnularia rumrichae, 



 

 

Pinnularia subcapitata e Surirella tenuissima. Considerando a comunidade epifítica, 

Cyanophyceae e Chlorophyceae foram mais representativas na lavoura convencional e na 

lavoura orgânica, respectivamente. No fitoplâncton, Bacillariophyceae e Chlorophyceae 

foram mais representativas na lavoura convencional e na lavoura orgânica, 

respectivamente. O resultado da análise de indVal mostrou Nitzschia cf. vixnegligenda e 

Stauroneis reichardtii como espécies indicadoras para o fitoplâncton na lavoura 

convencional e Radiococcus planctonicus na lavoura orgânica. Em síntese, fitoplâncton, 

epifiton e as diatomáceas bentônicas mostraram diferença nos atributos quando 

comparados os sistemas de cultivo. A assembleia de diatomáceas terrestres evidenciou 

mais nitidamente alterações da riqueza, composição e no aparecimento de teratologias, 

como provável efeito do uso dos herbicidas. 

 

Palavras-chave: diatomáceas terrestres, fitoplâncton, epifíton, arroz orgânico, arroz 

convencional, herbicidas. 

  



 

 

ABSTRACT 

Agroecosystems, as rice fields, are under intense transformations due to the use of 

fertilizers and pesticides. The agrochemicals may affect non-target organisms as 

microalgae. Thus, the present study aimed evaluate the richness, composition and 

abundance of the phytoplankton, epiphyton and in soil diatoms from organic and 

conventional rice fields highlighting the impacts of clomazone and penoxsulam 

herbicides. The sampling were conducted in two irrigated rice fields in Rio Grande do 

Sul state. Diatom soil samples were collected from three sample units in four periods: one 

day before the herbicides application and one, twelve and thrirty-five days after the 

herbicides application. Phytoplankton and epiphyton samples were collected in the last 

two periods. Were obtained pH, temperature, turbidity, electrical conductivity and the 

residual herbicides concentration in the water and soil. Alterations in the richness, species 

composition and relative abundance were observed after the herbicides application. Low 

richness was observed in soil diatoms and in epiphyton community from the conventional 

rice field that probably were longer in contact with herbicides. Differences on the species 

composition between the organic and conventional rice fields were observed in the 

phytoplankton and in soil diatoms. Fluctuations in the relative abundance of some diatom 

species were recorded, besides the teratological forms in Hantzschia amphioxys f. 

capitata, Luticola intermedia, L. cristinae, Navicula rostellata, Stauroneis lapponica and 

especially in Stauroneis reichardtii. Some diatoms species were registered as 

characteristic from the each system. In the conventional rice field, highlighted in 

abundance the species: Caloneis fontinalis, Hantzschia amphioxys var. amphioxys f. 

capitata, Luticola cristinae, Luticola fuhrmanni, Sellaphora sp. (pupula group), Nitzschia 

amphibia, Nitzschia perminuta, Nitzschia palea, Nitzschia brevissima var. brevissima, 

Neidium sp2, Pinnularia brebissonii, Pinnularia aff schimanskii, Pinnularia dubitabilis, 

Pinnularia borealis, Stauroneis borrichii, Stauroneis lapponica e Stauroneis reichardtii. 

In the organic rice field, highlighted in abundance the species: Craticula sp1, Eunotia 

didyma var. gibbosa, Eunotia botuliformis, Eunotia longicamelus, Eunotia intermedia, 

Eunotia pseudosudetica, Frustulia guayanensis subsp. ecuadoriana, Frustulia saxonica, 

Hantzschia sp3, Humidophila contenta, Navicula leptostriata, Pinnularia rumrichae, 

Pinnularia subcapitata e Surirella tenuissima. Considering the epiphytic community, 

Cyanophyceae and Chlorophyceae were the most representative class in the conventional 

and organic rice field, respectively. In the phytoplankton, Bacillariophyceae and 



 

 

Chlorophyceae were the most representative class in the conventional and organic rice 

field, respectively. The indVal analysis shown Nitzschia cf. vixnegligenda and Stauroneis 

reichardtii as indicators species to the phytoplankton in the conventional rice field and 

Radiococcus planctonicus in the organic rice field. In summary, phytoplankton, 

epiphyton and benthic diatoms showed differences in the attributes when compared the 

cultivation systems. The alterations in the richness, composition and teratologies were 

more pronounced in soil diatoms assemblage suggesting effect of the herbicides 

application.  

 

Keywords: soil diatom, phytoplankton, epiphyton, organic rice field, conventional rice 

field, herbicide. 
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INTRODUÇÃO 

A intensificação do uso dos recursos naturais desperta para uma discussão sobre 

a pressão antropogênica nos ecossistemas aquáticos. Recentemente, doze principais 

ameaças à biodiversidade em ambientes continentais foram identificadas por Reid et al. 

(2018). Mudanças climáticas, invasões biológicas, doenças infeciosas, contaminantes 

emergentes como medicamentos, cosméticos e agrotóxicos, florações de algas tóxicas, 

construção de hidrelétricas e nanomateriais fazem parte desta lista. Além disso, poluição 

por microplástico, poluição sonora e luminosa, aumento da salinização, declínio das 

concentrações de cálcio e o efeito cumulativo desses múltiplos estressores na biota 

aquática também foram citados. Dessa forma, destaca-se a importância de analisar os 

impactos gerados por esses fatores a fim de identificar práticas de gestão e conservação 

nos ambientes continentais. 

Organismos fotossintéticos como as microalgas, desempenham um papel 

fundamental no metabolismo dos ecossistemas aquáticos participando das etapas de 

produção, consumo e decomposição (Wetzel 1996). Possuem uma grande diversidade de 

formas de vida e ocupam uma diversidade de habitat, podendo viver suspensas na coluna 

d’água, aderidas a substratos ou sobre os sedimentos (Wehr & Sheath 2003).   

Dentre os principais grupos, as diatomáceas são particularmente conhecidas como 

fonte de informação sobre a qualidade ecológica de ambientes de água doce, através do 

conhecimento detalhado da ecologia e taxonomia dos táxons. Apesar da elevada 

abundância em ambientes aquáticos, algumas espécies capazes de ocupar os ambientes 

terrestres e enfrentar os desafios do ressecamento. Segundo Round et al. (1990) a classe 

Bacillariophyceae é um importante componente do microfitobento, pois contribui para a 

consolidação do sedimento por produção extracelular de substâncias de coesão e 

desempenham uma função essencial nos ciclos biogeoquímicos, que ocorrem na interface 

sedimento/água (ou sedimento/ar). Além disso, a capacidade de movimento no sedimento 

permite que as diatomáceas busquem por condições mais favoráveis a sua colonização, 

em direção a luz ou umidade (Lund 1945). 

  Considerando os agrotóxicos como um fator de risco para a segurança dos 

ecossistemas, faz-se necessária a avaliação das suas interações sobre os organismos e o 

ambiente. No Rio grande do Sul, a lavoura de arroz é produzida de forma convencional 

com uso de fertilizantes e agrotóxicos e de forma orgânica nos assentamentos rurais, 

ambos dispostos em áreas do bioma pampa.  



 

 

A utilização dos agrotóxicos no sistema convencional promove elevados níveis de 

produção, contudo, uma série de desequilíbrios ambientais podem ser observados na 

microbiota do solo, na água e em organismos não-alvo (Guo et al. 2018). Evidências 

sugerem que o cultivo orgânico e suas práticas associadas beneficiam a riqueza e 

abundância de alguns animais e plantas nos agroecossistemas quando comparados aos 

cultivos convencionais (Katayama et al. 2019). 

Em laboratório, experimentos com mesocosmos permitiram observar efeitos 

adversos na comunidade zooplanctônica em concentrações reais de herbicidas aplicados 

na lavoura (Reimche et al. 2015). De maneira semelhante, a comunidade fitoplanctônica 

responde a presença dos herbicidas imazapir e imazapique, na qual as formas coloniais 

como Aphanocapsa, Eudorina, Pandorina e Spherocystis foram caracterizadas como 

espécies sensíveis. Ainda nessa investigação, Trachelomonas, Scenedesmus, Spirogyra e 

Anabaena parecem relacionar-se de forma positiva com a presença desses compostos 

(Reck et al. 2018). Alterações nucleares e na ornamentação de frústulas de diatomáceas 

bentônicas também já foram observadas em laboratório, causadas por herbicida 

conhecidamente genotóxico (Debenest et al. 2008). Além de modificações morfológicas, 

também foram identificadas respostas fisiológicas em espécies de microalgas. Herbicidas 

inibidores de fotossistemas (PSII) parecem favorecer espécies heterotróficas facultativas 

(Debenest et al. 2009; Larras et al. 2012).  

Estudos em campo também sugerem alterações na biota aquática. A comunidade 

fitoplanctônica analisada em um lago na China com a presença de agrotóxicos, forneceu 

indicativos de que Bacillariophyta e Cryptophyta mostram afinidade para absorção de 

pesticidas organoclorados, já Cyanophyta e Chlorophyta mostram afinidades a compostos 

hidrocarbonetos aromáticos policíclicos (Zhao et al. 2015). Amostras de perifíton em rios 

da França em áreas agrícolas indicam um padrão de composição da comunidade de 

diatomáceas influenciada pela entrada de agrotóxicos e nutrientes (Morin et al. 2009). 

Em outras categorias taxonômicas, como em peixes e girinos, alterações toxicológicos 

através da avaliação de biomarcadores de estresse oxidativo também foram detectadas 

(Nunes et al. 2015; Santos et al. 2015). 

Neste estudo, os herbicidas avaliados clomazone e penoxsulam, são amplamente 

utilizados na lavoura de arroz do sul do Brasil para controle de outras plantas. São 

compostos químicos moderadamente persistentes no solo variando em relação a 

diferentes condições. Fatores como sorção, dessorção, volatização, degradação química e 

biológica vão interferir diretamente no comportamento desses produtos no ambiente 



 

 

(Silva et al. 2012). Além das lavouras, a presença de clomazone e penoxsulam já foi 

detectada em águas superficiais de bacias hidrográficas no sul do Brasil (Marchesan et al. 

2007; Primel et al. 2005, Silva et al. 2009).  

O herbicida penoxsulam é um composto que inibe a acetolactato sintase (ALS), 

uma enzima responsável pela formação de proteínas com cadeia de aminoácidos 

ramificados envolvida no crescimento celular vegetal. Análises do residual do herbicida 

obtidos em campo, demonstraram que penoxsulam tem um período de meia vida entre 30 

e 135 dias (Senseman 2007). Cabe ressaltar que a fotodegradação aquosa do composto 

ocorre rapidamente no ambiente, no entanto os produtos resultantes podem permanecer 

por longos períodos e podem ser difíceis de detectar (Jabusch & Tjeerdema 2006). 

Estresse oxidativo em organismos não-alvo como lagostins (Costa et al. 2018) mexilhões 

(Patetsini et al. 2013) e peixes (Cattaneo et al. 2010, 2012) foram encontrados em 

condições experimentais. 

O herbicida clomazone pertencente ao grupo químico das isoxazolidinonas, cujo 

mecanismo de ação é inibir a biossíntese de carotenoides (Senseman 2007). Clomazone 

foi o herbicida mais frequente nas águas dos rios Vacacaí e Vacacai-mirim entre 2000 e 

2003 na depressão central do RS, durante o período de cultivo do arroz irrigado 

(Marchesan et al. 2007). A persistência do herbicida já foi detectada por até 130 dias nas 

águas de lavoura de arroz (Zanella et al. 2002). O tempo de meia vida apresenta grande 

variação, sendo observado entre 11 e 126 dias (Du et al. 2018) e entre 8 e 32 dias (Noldin 

et al. 2001).  A estabilização da lâmina dágua, através da irrigação contínua, acelera o 

processo de degradação do clomazone (Schreiber et al. 2017). Respostas toxicológicas 

em organismos não-alvo expostos ao clomazone foram demonstrados através de 

experimentos em girinos (Oliveira et al. 2016) em embriões de Zebrafish (Stevanovic et 

al. 2017) e em peixes (Murussi et al. 2015). 

A lâmina d’água, formada pela prática de cultivo do arroz irrigado, é um 

importante ambiente temporário para diversas espécies de bactérias, algas, plantas, 

invertebrados e vertebrados, considerado um sítio de elevada dinâmica de nutrientes e 

biodiversidade (Roger et al. 1991). Nesse agroecossistema, além das algas planctônicas 

e as que crescem aderidas aos colmos da planta de arroz, fazem parte do ambiente as algas 

do sedimento da lavoura. 

Estudos apontam as classes Chlorophyceae, Euglenophyceae e Bacillariophyceae 

como as mais representativas na comunidade fitoplânctônica e epifítica (Furtado & Lucca 



 

 

2003; Alves da Silva & Tamanaha 2007; Reck et al. 2018; Sartori et al. 2011; Cassol et 

al. 2013). No entanto, a diversidade de diatomáceas no solo é pouco conhecida. 

A composição de diatomáceas em solo de lavoura de arroz foi investigada somente 

em países asiáticos. Ao total, 92 espécies de diatomáceas foram registradas em lavouras 

de arroz convencional no Laos (Ohtsuka & Fujita 2001) e 53 espécies no japão (Negoro 

& Higashino 1986). Enretanto, em solo de cultivo orgânico no Japão, foram registradas 

104 espécies de diatomáceas (Fujita & Ohtsuka 2005). 

Solos cultivados passam por intensas transformações devido aos processos físicos 

e químicos durante o ciclo de cultivo. Tais fatores podem ser selecionadores de espécies 

de diatomáceas em solo (Stanek-Tarkowska et al. 2017). Solos de formações florestais 

criaram um micro-habitat mais estável para as diatomáceas quando comparadas a 

variação temporal relacionada a outras práticas agrícolas como solos de lavoura e 

pastagem (Foets et al. 2020).  

Tendo em vista esses aspectos, o estudo apresenta riqueza, abundância relativa e 

composição de espécies de diatomáceas do sedimento e das microalgas encontradas no 

plâncton e epifíton, em sistema de cultivo de arroz orgânico e convencional com uso dos 

herbicidas penoxsulam e clomazone.      
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APRESENTAÇÃO 

A tese está composta por três capítulos apresentados na forma de manuscritos a 

serem submetidos para a publicação em periódicos científicos. 

O primeiro capítulo, “Alteration in the soil diatom assemblage after the herbicides 

application in the rice field”, trata do primeiro estudo da comunidade de diatomáceas de 

solo em área de arroz irrigado sob o impacto de herbicidas no Brasil. São apresentadas 

variações da riqueza, abundância relativa e da composição de espécies, antes e após a 

aplicação dos herbicidas. Os táxons são ilustrados em microscopia óptica.  O manuscrito 

será submetido ao periódico Acta Botanica Brasilica.  

O segundo capítulo, “Soil diatoms from organic rice field: a little known 

assemblage” trata das diatomáceas de solo em área de cultivo orgânico de arroz irrigado 

no Brasil. São apresentadas a riqueza, composição e abundância dos táxons, além de uma 

breve comparação entre os sistemas de cultivo orgânico e convencional. Os táxons são 

ilustrados em microscopia óptica. O manuscrito será submetido ao periódico Acta 

Botanica Brasilica. 

Finalmente, o terceiro capítulo intitulado “Do phytoplankton and epiphyton 

communities differ between organic and conventional rice fields?” foi submetido ao 

periódico Acta Botanica Brasilica e aceito com publicação prevista para outubro de 2022. 

O manuscrito apresenta um estudo comparativo de riqueza, composição e abundância da 

comunidade fitoplanctônica e epifítica entre a lavoura de arroz irrigado orgânica e 

convencional.  
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Abstract 

This study aimed to determine if there are any differences in the attributes and composition of 

the phytoplankton and epiphyton communities between organic (OF) and conventional (CF) 

rice fields. We also strove to identify if there were any variations in these communities by 

comparing samples taken from two different periods (12 and 35 days) after the application of 

the herbicide clomazone and penoxsulam in CF. The farms are located in the Pampa Biome, 

Southern Brazil. Phytoplankton samples from the subsurface water and epiphyton samples from 

the rice stems were analyzed using the Utermöhl method. The CF and OF had distinct 

environmental conditions (pH, conductivity, and turbidity values), and the residual 

concentration of the herbicides decreased over time. There were no significant differences in 

epiphyton and phytoplankton density, or in phytoplankton richness, between the rice fields; 

only the epiphyton richness and taxonomic composition showed differences between the rice 
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fields. Cyanobacteria and Chlorophyceae comprised a large proportion of the epiphytic density 

in CF and OF, respectively. However, Bacillariophyceae and Chlorophyceae had greater 

densities in phytoplankton in CF and OF, respectively. The taxonomic composition of 

communities should be considered an effective tool to show the differences between the two 

cultivation systems. 

 

Keywords: agroecosystem, artificial wetlands, community structure, herbicide, microalgae  

 

Introduction  

Wetlands are internationally recognized ecosystems that are subject to environmental 

protection and regulation (Millennium Ecosystem Assessment 2005). The recent classification 

proposed by Junk et al. (2013) defines three categories of Brazilian wetlands: coastal, 

continental, and artificial. According to this classification, artificial wetlands, such as rice 

farming, are the result of human activities.  

It is possible to distinguish between both the conventional and organic rice cultivation 

systems. In Brazil, the current system in use is the conventional system that uses a large amount 

of pesticides, which threatens the biota and ecosystem functioning. Organic management 

contributes to improve the sustainability of agroecosystems by avoiding the use of chemical 

fertilizers and pesticides, and is based on integrative ecosystem services. According to Maltchik 

et al. (2017), encouraging sustainable practices in these areas may transfer some of the 

responsibilities in biodiversity conservation to production systems and, thus, contribute 

positively to regional biodiversity.  

Rice fields are temporary environments occupied by a rich composition of fauna and 

flora (Bambaradeniya et al. 2004). The biota, especially microalgae, plays an important role in 

soil stabilization and fertility (Roger et al. 1991; Bellinger & Sigee 2010). However, little 

attention has been paid to phytoplankton and epiphyton in the literature. Phytoplankton 

diversity was revealed by Shivakurama & Patar (2015) in a rice field in India. Additionally, the 

rice itself provides the substrate for periphyton colonization and growth and is used as a food 

source in rice–fish farming (Das et al. 2007; Saikia & Das 2011; 2014).  

The microalgae composition in rice fields has already been registered on previous 

studies. Diatoms have mainly been investigated in Japan (Negoro & Higashino 1986; Ohtsuka 

& Fujita 2001; Fujita & Ohtsuka 2005). Furthermore, the pigmented members of 

Euglenophyceae were investigated by Alves da Silva & Tamanaha (2008) in Southern Brazil, 
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Cyanobacteria were studied by Irisarri et al. (2001) in Uruguayan rice fields and by Prasana & 

Nayak (2007) in India, and members of Chlorophyceae were investigated by Kumar & Sahu 

(2012) in India.    

However, there is no field comparative information about algal communities in organic 

and conventional rice farming with herbicide application. Furthermore, the effects of herbicides 

on epiphytic and planktonic algae in rice fields have been described mainly in mesocosms 

(Sartori et al. 2011; Cassol et al. 2013; Reck et al. 2018; Liu et al. 2020). This knowledge gap 

motivated us to investigate the phytoplankton and epiphyton in the two rice cultivation systems. 

Quantifying the responses of these algal groups to agricultural systems will allow us to 

understand the limitations and benefits of the local biodiversity, and the results are relevant for 

implementing sustainable management practices with low environmental impacts (Katayama 

et al. 2019).  

Our aim was to determine whether the attributes (richness, density, diversity, and 

equitability) and composition of phytoplankton and epiphyton communities differed between 

organic and conventional rice fields. The attribute variations after the application of clomazone 

and penoxsulam in the conventional field were also evaluated. Considering the differences in 

the environmental conditions of the rice fields, we expected to find distinctions among the 

attributes of the phytoplankton and epiphyton communities. 

 

Materials and methods 

Study area 

The organic and conventional farms are located in Rio Grande do Sul, Southern Brazil 

at W 29°69’ and S 55°85’, and W 29°50’ and S 55°66’, respectively. The conventional farm 

(CF) is located 12 km from the urban center of Alegrete City (Fig. 1). A no-tillage cultivation 

system was used with chemical fertilization and was carried out according to the 

recommendations of the Irrigated Rice Brazilian Society (SOSBAI, Sociedade Brasileira de 

Arroz Irrigado, in Portuguese). The rice farm is located in the lowland of the Ibirapuitã River, 

which have traditionally been used for irrigated rice farming since 1986. The region is 

characterized by the predominant occurrence of basaltic volcanic rocks (with relief in the form 

of plateaus and escarpments) that are a part of the rocky and sandy riverbed (Hasenack et al. 

2010). The Ibirapuitã River has an extension of 260 km in a sinuous course and an almost flat 

relief that floods in rainy seasons. These floods are supplied with organic load from livestock 

and agriculture, which are the predominant activities in the region.  



 

26 
 

The organic farm (OF) is located in Manoel Viana City in the Santa Maria do Ibicuí 

settlement, 22 km from the urban center and 45 km away from the CF (Fig. 1). Currently, 400 

ha of rice are cultivated by 224 families belonging to the Association of Organic Producers of 

Santa Maria do Ibicuí Settlement (Ramos 2012). The rice water comes from the Ibicuí River, 

which extends 385 km into the lowlands and sandy riverbed in the Paleozoic lands of the Paraná 

sedimentary basin (Central Depression). This river has several tributaries, one of which is the 

Ibirapuitã River. The cultivation system used in the organic farm involved pre-germinated 

seedlings and does not use chemical fertilization or pesticides. 

 

 

Figure 1. Location of the study sites of conventional farm (CF) and organic farm (OF) in the 

Ibicuí River watershed, Southern Brazil. 
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Sampling and data 

Phytoplankton and epiphyton samples were taken after the flooding of the rice field in 

two periods (12 and 35 days after the spraying of herbicides). From both fields, three sample 

units were collected 600 m apart from each other. Three unit samples from the CF were taken 

on December 2, 2018 and on December 25, 2018: CF1 (29'69"09 55'84"95), CF2 (29'69"18 

55'85"11), CF3 (29'69"74 55'84"53). Three unit samples from the OF were also taken at OF1 

(29'50"26 55'66"07), OF2 (29'50"10 55'66"35), OF3 (29'50"21 55'65"75). 

Phytoplankton samples were collected from the surface of the rice water using a 100 

mL glass bottle, and the epiphyton samples were collected via brushing three rice stems of 3cm 

lengths, totaling a composite sample of 25 cm2. This was done in both the conventional and 

organic fields. The samples were preserved in Lugol's alkaline solution (Sournia 1978) and 

housed at Alarich Schultz Herbarium (number 110934 – 110957), Museu de Ciências Naturais, 

Fundação Zoobotânica do Rio Grande do Sul in Porto Alegre, Brazil. 

The densities of phytoplankton (ind.mL-1) and epiphyton (ind.cm-2) were estimated 

according to the method of Uthermöhl (1958) in 5 mL chambers, using an inverted microscope 

(Zeiss Axiovert) after 24h of sedimentation. This was done via counting in transect fields, with 

the aim of achieving an efficiency of 80 % (Pappas & Stoermer 1996). Only individuals with 

plastids and those that were alive at the time of collection were quantified. Identification was 

performed using an inverted Zeiss microscope (640× magnification). Richness was estimated 

based on the number of taxa at generic and infra-specific levels. The abundant species was 

determined according to the method of Lobo & Leighton (1986). Shannon’s diversity (H´) and 

equitability indices (E) were used as measures of community structure. 

The presence and concentration of residual herbicides (penoxsulam and clomazone) in 

the water were detected using the solid phase extraction method. These were then analyzed 

via liquid chromatography with mass spectrometry (LC-MS/MS) in the Pesticide Residue 

Laboratory (LARP) at the Federal University of Santa Maria, according to the method of 

Donato et al. (2012). 

The water temperature (temp), hydrogen potential (pH), electrical conductivity (Cond), 

dissolved oxygen (DO), turbidity (Turb), and total dissolved solids (TDS) were measured in 

situ using a Horiba U-50 – Multiparameter probe. The data from the conventionally farmed 

field were obtained in the morning, but with the organically farmed field the measurements 

were made in the afternoon on the same sampling day. 

After logarithmic transformation of the data to achieve normality, we used the two-sample 

T test to determine if there are differences between the periods and the cultivation systems in 
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both communities. Permutational analysis of variance (PERMANOVA) was performed to 

verify differences in the composition of species in the phytoplankton and epiphyton 

communities of the rice fields. Nonmetric multidimensional scaling (NMDS) was applied to 

the abundant species matrix to investigate the species distribution at the sites of the organically 

and conventionally farmed rice fields. The community matrices were transformed using 

Wisconsin double standardization and a Bray–Curtis dissimilarity matrix was calculated using 

the vegan “metaMDS” function in R. The IndVal method (Dufrêne & Legendre 1997) was used 

to identify indicator species in the cultivation systems. An overall analysis was performed using 

the R software (R Development Core Team 2021) and the Vegan package (Oksanen et al. 

2020). 

 

Results 

Physical and chemical water conditions 

The physical and chemical rice water conditions are presented in Table 1. The water 

temperature varied between 18.4 ℃ and 24.5 ℃ in the CF and between 22.2 ℃ and 31.0 °C in 

the OF. 

The pH varied from neutral to slightly acidic in the CF, and was strongly acidic in the 

OF. The electrical conductivity showed a slight increase in the CF, varying between 60 µs cm-

1 and 100 µs cm-1, whereas in the OF, the maximum electrical conductivity found in the study 

period was 20 µs cm-1. 

Turbidity varied between a minimum of 2.48 NTU and maximum of 31.20 NTU in the 

CF, and was greater in the OF (62 - 542 NTU). Meanwhile, total dissolved solids varied from 

0.03 mg L-1 to 0.06 mg L-1 in the CF and between 0.01 mg L-1 and 0.02 mg L-1 in the OF. 

Dissolved oxygen showed higher values in the CF (6.5 - 14.8 mg L-1) than those in the OF (4.0 

- 7.8 mg L-1).   
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Table 1. Physical and chemical variables of sample units in the conventional farm in Alegrete 

City, RS, and in the organic farm in Manoel Viana City, RS, 12 and 35 days after the spraying 

of herbicides in three sample units in periods 1 (12/02/2018) and period 2 (12/25/2018). These 

sample units were taken at the same day. 

Farming Period Sample 

Unit 

Temp 

(°C) 

pH Cond 
(µs cm-1) 

Turb 
(NTU) 

DO 
(mg L-1) 

TDS 
(g L-1) 

 

 

Conventional  

Period 1 

 

CF 01 18.4 6.4 90 2.7 9.2 0.06 

CF 02 22 6.9 90 2.5 12.0 0.05 

CF 03 21.9 7.4 100 4.5 14.8 0.06 

Period 2 CF 01 22.8 6.1 60 31.2 7.7 0.04 

CF 02 22.9 6.2 80 24.7 6.5 0.05 

CF 03 24.5 6.4 60 20.8 7.3 0.03 

 

 

Organic  

Period 1 OF 01 31 5.3 10 243 7.8 0.01 

OF 02 28.4 5.8 20 174 7.3 0.01 

OF 03 28.8 5.0 20 542 4.0 0.01 

Period 2 OF 01 22.8 5.4 20 100 4.4 0.01 

OF 02 22.2 5.3 20 172 5.4 0.02 

OF 03 23.3 4.6 10 62 4.9 0.01 

 

 

Herbicide concentrations in the conventionally farmed rice field 

The residual concentrations of herbicides in the conventionally farmed fields and in the 

channel that takes water from the Ibirapuitã River to the crops are presented in Table 2. Average 

values of 1.29 µg L-1 and 0.28 µg L-1 were detected for clomazone and penoxsulam, 

respectively. The residual concentrations of the two herbicides decreased over time, and 

penoxsulam, which was not detected in some samples after 35 days of spraying, dissipated 

faster than clomazone.  

 

Table 2. Residual concentrations of herbicides from the conventional farm after 12 days (period 

1) and 35 days of spraying (period 2). Nd=non detected. 

Period Sample Unit Clomazone (µg L-1) Penoxsulam (µg L-1) 

Period 1 CF 01 1.402 0.225 

CF 02 1.336 0.322 

CF 03 1.140 0.304 

Period 2 CF 01 0.297 n.d. 

CF 02 0.433 0.091 

CF 03 0.184 n.d. 
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Phytoplankton community 

The phytoplankton species richness in the CF ranged from 24 to 26 species in period 1 

and from 25 to 36 species in period 2. In the OF, the richness ranged from 17 to 25 species in 

period 1 and from 14 to 40 species in period 2 (Fig. 2). There was no significant variation in 

richness between periods in either CF or OF (p > 0.05). There was also no significant difference 

in richness between the two cultivation systems (p > 0.05). 

Specific diversity showed higher values in period 2 (2.43 – 3.05 bits. ind-1) than in period 

1 (1.38 - 2.23 bits. ind-1) in the CF. The specific diversity seen in OF was greater in period 2 

(1.81 - 2.79 bits. ind-1) than in period 1 (0.45 - 2.15 bits. ind-1) (Fig. 2). The equitability in the 

CF showed higher values in period 2 (0.72 - 0.84) than in period 1 (0.43 – 0.69) and the 

equitability in the OF showed higher values in period 2 (0.68 - 0.79) than in period 1 (0.15 - 

0.66).  

The total density of phytoplankton in CF obtained higher values in period 1 (699 - 8244 

ind. mL-1) than in period 2 (175 - 1094 ind. mL-1). In the OF, the density obtained higher values 

in period 1 (4368 - 62103 ind. mL-1) than in period 2 (374 - 1313 ind. mL-1) (Fig. 2). There was 

no significant difference in density between the periods in CF, but there was a significant 

difference in density between the periods in OF (p < 0.05). Notably, there were no significant 

differences between the crops in these fields (p < 0.05). 
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Figure 2. Phytoplankton density (ind.mL-1), richness, diversity, and equitability in conventional 

(CF) and organic (OF) farms in three samples from the two experimental periods.  

 

The NMDS model showed species distribution according to the organic and 

conventional fields (Fig. 3). Moreover, the difference in species composition was statistically 

significant according to PERMANOVA analyses (p = 0.0003, R2 = 0.22). The results of the 

indicator species analysis between the cultivation systems showed that Nitzschia cf. 

vixnegligenda Lange-Bertalot & Hofmann and Stauroneis reichardtii Lange-Bertalot, 

Cavacini, Tagliaventi & Alfinito were associated with CF (p = 0.01), and Radiococcus 

planctonicus J.W.G.Lund was associated with OF (p = 0.01). We identified 86 species 

belonging to seven classes in CF. The most representative class in terms of density was 

Bacillariophyceae, followed by Chlorophyceae and Cyanophyceae in period 1; this was 

followed by Euglenophyceae and Cryptophyceae in period 2. In period 1, within 

Bacillariophyceae there were abundant Nitzschia palea (Kützing) W. Smith  and Nitszchia 

gracilis Hantzsch. Within Chlorophyceae, the abundance of Dictyosphaerium sp., 

Monoraphidium caribeum Hindák, and Schoederia sp. were apparent. Among the other classes, 
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we also noted the presence of Aphanocapsa sp., Pseudanabaena sp. (Cynaophyceae), 

Trachelomonas curta A. M. Cunha  (Euglenophyceae), Cryptomonas ovata Ehrenberg  

(Cryptophyceae), Actinotaenium perminutum (G. S. West) Teiling, and Zygnema sp. 

(Zygnematophyceae). In period 2, within Bacillariophyceae, Encyonema silesiacum (Bleisch) 

D. G. Mann 1990, Navicula incarum U. Rumrich & Lange-Bertalot, N. palea, N. gracilis, 

Pinnularia subcapitata Gregory, and S. reichardtii were abundant. Within Euglenophyceae, the 

presence of Trachelomonas verrucosa var. granulosa (Playfair) Conrad & Meel was 

highlighted, as well as that of Cryptomonas ovata Ehrenberg within Cryptophyceae. 

 

 

Figure 3. Nonmetric multidimensional scaling (NMDS) ordination of abundant phytoplankton 

species (stress value = 0.05) in the sample units (●) taken in two time periods from organic and 

conventional rice fields.  

 

In the OF, we identified 79 species belonging to seven classes. Chlorophyceae followed 

by Zygnematophyceae were dominant in period 1, with abundance of Dyctiosphaerium sp., 

Kirchneriella irregularis (G. M. Smith) Korshikov, Monoraphidium caribeum Hindák, M. 

flexuosum Komárek, M. griffthii (Berkeley) Komárková-Legnerová, Radiococus planktonicus, 
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Actinotaenium perminutum (G.S.West) Teiling, Cosmarium sp3, N. palea, and C. ovata. In 

period 2, the composition of the community was changed to having a dominance of 

Bacillariophyceae (Nitzchia spp.) in sample units 1 and 2, and Euglenophyceae (Monomorphina 

sp., T. verrucosa var. granulosa, T. curta, and Cryptomonas sp3) in sample unit 3 (Fig. 4). 

 

 

Figure 4. Relative contribution (total number of individuals) of seven classes of phytoplankton 

in the conventional farm (a) and organic farm (b) in the three sample units from the two 

experimental periods (P1, P2). 

 

Epiphytic community 

The epiphyton species richness between the two systems and in the CF between the 

periods in the experiment was significantly different (p < 0.05). Higher values were observed 
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in period 1 (18-23 species) than in period 2 (7-17 species). In the OF, the richness varied 

between 30 species and 38 species in period 1 and between 10 species and 39 species in period 

2; these values were not significantly different (p < 0.05) (Fig. 5). 

Epiphyton density did not differ significantly between systems (p > 0.05). However, the 

density did vary between 20.315 ind. cm2 and 36.216 ind. cm2 in period 1, and between 15.355 

ind. cm2 and 158.058 ind. cm2 in period 2 in the CF. In the OF, higher values were observed in 

period 2 (115.542 - 1.986782 ind. cm2) than in period 1 (50.873 – 248.288 ind. cm2).  Significant 

differences in density between the collection periods were observed only in the OF (p < 0.05) 

(Fig. 5). 

The epiphyton diversity index showed higher values in period 1 (1.24 - 2.19 bits. ind-1) 

than in period 2 (0.71 - 1.96 bits. ind-1) in the CF. In the OF, the attribute showed higher values 

in period 1 (1.93 - 2.63 bits. ind-1) than in period 2 (0.11 - 1.57 bits. ind-1). In the CF, the 

equitability ranged from 0.42 to 0.70 in period 1 and from 0.36 to 0.69 in period 2. In the OF, 

the values ranged from 0.54 to 0.72 in period 1 and ranged from 0.05 to 0.55 in period 2 (Fig. 

5). 

 

 



 

35 
 

 

Figure 5. Epiphyton density (ind.cm2), richness, diversity and equitability in conventional (CF) 

and organic (OF) farms in three samples from the two experimental periods. 

 

The NMDS model showed distribution of abundant epiphytic species corresponding to 

OF and CF (Fig. 6). However, according to PERMANOVA analyses, there was no significant 

difference in composition between the two cultivation systems (p > 0.05). Moreover, there were 

no epiphytic indicator species in either of the cultivation systems. 
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Figure 6. Nonmetric multidimensional scaling (NMDS) ordination of abundant epiphyton 

species (stress value = 0.06) in sample units (●) taken in two time periods from organic and 

conventional rice fields.  

 

We identified 54 species belonging to six classes in the CF. In period 1, the most 

representative classes in density were Cyanophyceae and Bacillariophyceae, with an abundance 

of Anagnostidinema amphibium (C. Agardh ex Gomont) Strunecký, Bohunická, J. R. Johansen 

& J. Komárek ; N. palea; and N. cf. vixnegligenda . In period 2, Cyanophyceae (A. amphibium), 

Cryptophyceae (Cryptomonas erosa Ehrenberg , Chroomonas cf. coerulea (Geitler) Skuja, and 

Bacillariophyceae (Nitzschia spp.) were highlighted in sample unit 3 (Fig. 7). 

We identified 91 epiphytic species in the OF. In period 1, Chlorophyceae was 

predominant, followed by Zygnematophyceae, with abundance of Dictyosphaerium sp., K. 

lunaris var. irregularis, Monoraphidium circinale Nygaard, M. griffithii (Berkeley) 

Komárková-Legnerová, Oedogonium sp., R. planktonicus, Actinotanenium perminutum, and N. 

palea. Cyanophyceae and Cryptophyceae dominated in period 2, with A. amphibium, C. erosa, 

and C. cf. coerula as the main species (Fig. 7). 
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Figure 7. Relative contribution (total number of individuals) of different classes of epiphyton 

from the conventional farm (a) and organic farm (b) in three sample units from the two 

experimental periods (P1, P2). 

 

Discussion 

Organic versus conventional farming 

Organic and conventional farming have different planting systems. Pre-germinated 

planting is used in the OF, where flooding occurs during soil preparation and there is the turning 

over of residual plants from the previous crop; whereas, in the CF, flooding occurs after the 

spraying of herbicides and no-tillage is used (SOSBAI 2018). These planting systems result in 

different environmental conditions. In the rice water in OF, higher turbidity values were 

recorded (> 62 NTU) because of the suspension of solids that is promoted by the practice of 

turning over residual plants (Furtado & Luca 2003). The lower values of pH observed (4.6 - 

5.8) is because the anaerobic conditions in flooded soil as a result of decomposition process 

that produces organic acids (Bohnen et al. 2005). Lower pH values were obtained in rice fields 

in India that were organically fertilized (Sihi et al. 2020). The lower water stream flow in the 
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OF due to cultivation in the plots may explain the high temperature and low oxygen 

concentration in the water during the experimental period. Lower values of dissolved oxygen 

(4 - 7.8 mg L-1) and pH were also observed in the OF when compared to those in the CF (Suárez-

Serrano et al. 2010). 

In the CF, the values of pH and dissolved oxygen were close to the ones registered in 

the Ibirapuitã River (7.1 - 9.1 and 7.02 - 9.06 mg L-1, respectively) in 2018, according to the 

ANA (2018). The water pH ranging from slightly acidic to neutral from the CF is similar to 

mesocosms that underwent herbicide spraying and the control treatment (Reck et al. 2018; 

Reimche et al. 2015).  

The values of dissolved solids and electrical conductivity were higher in CF than in OF. 

This result was also observed under the same conditions of rice cultivation in India due to the 

chemical fertilization utilized in conventional fields (Sihi et al. 2020). In contrast, the values of 

electrical conductivity in CF and OF were higher than those in the Ibirapuitã (37 - 55.8 µs cm-

1) and Ibicuí rivers (46.2 – 60.4 µs cm-1), respectively, in 2018 (ANA 2018). This was most 

likely due to the higher organic matter concentration.  

 

Effects of penoxsulam and clomazone in the environment 

The herbicide penoxsulam inhibits acetolactate synthase, an enzyme responsible for 

building protein with a branched amino acid chain, whose inactivation results in a protein deficit 

that affects cell multiplication (Senseman et al. 2007).The results of herbicide residue analysis 

from rice water showed that penoxsulam degraded faster than clomazone in the environment 

and, after 35 days the application of the herbicide, was not detected in most of the sample units. 

Contact with water promotes the solubilization of chemicals and occurs in a different way for 

each herbicide according to its own characteristics. For example, the solubility of clomazone is 

higher than that of penoxsulam (Senseman et al. 2007). It is important to note that the aqueous 

photodegradation of herbicides occurs quickly in the environment; however, their products can 

remain for long periods and can be difficult to detect (Jabusch & Tjeerdema 2006). In addition, 

penoxsulam concentrations were detected during the period of rice cultivation in the superficial 

waters of rivers in Rio Grande do Sul (Silva et al. 2009), where it possibly affects other 

organisms. 

The other herbicide evaluated was clomazone, which belongs to the isoxazolidinone 

chemical group and acts as an inhibitor of carotenoid biosynthesis (Senseman et al. 2007). 

Clomazone was the most frequently herbicide found  in the Vacacaí and Vacacai-Mirim rivers, 

during rice cropping between 2000 and 2003, in the central region of Rio Grande do Sul 
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(Marchesan et al. 2007). In this study, clomazone showed a slower degradation rate than 

penoxsulam, which was detected in the second sampling period, 35 days after herbicide 

spraying. The persistence of clomazone was detected up to 130 days in rice water in the central 

region of Rio Grande do Sul (Zanella et al. 2002). Notably, the half-life of clomazone varies in 

the literature, ranging from 11 to 126 days (Du et al. 2018) and from 8 to 32 days (Noldin et al. 

2001).  

 

Phytoplankton and epiphyton associated with cultivation systems 

Research on the algae community in organic and conventional rice fields is scarce in the 

literature. Comparatively, the total phytoplankton richness was similar between the two 

cultivation systems (79 spp. in OF and 86 spp. in CF) and was also close in value to that of 

natural wetlands within the territorial limits of the Pampa biome (74 taxa) (Matsubara et al. 

2008). 

In mesocosms, however, greater values of phytoplankton community richness were 

found in rice cultivated without the spraying of pesticides but with residual imidazolinone (151 

species), such as in rice cultivated with imazapyr and imazapic herbicides (60 genera, with 44 

genera observed by us), according to Cassol et al. (2013) and Reck et al. (2018), respectively. 

Baert et al. (2016) exposed the plankton diatom community at different levels of richness to 

different concentrations of atrazine herbicide and observed that more diverse communities were 

less affected by herbicide stress. 

The total epiphyton richness (42 genera) was similar to the rice-fish farm in India (38 

genera) (Das et al. 2007); this was, however, less than another rice-fish farm (97 genera) (Saikia 

& Das 2011). The number of epiphytic taxa (about 90 species) was similar to that found in a 

mesocosm under residual imidazolinone. This mesocosm was an area of cultivated rice located 

close to the region of this study (Cassol et al. 2013). The results of different studies do not seem 

to illustrate a unique pattern of phytoplankton and epiphyton richness between the cultivation 

systems. 

In this study, we expected to find differences in community attributes owing to the 

differences in environmental conditions. However, only the difference in epiphyton richness 

was statistically significant. The phytoplankton community had a taxonomic homogenization 

after 12th and 35th days of herbicide application. The effects of herbicides on algal growth 

possibly occurred in the first days after spraying, followed by recovery events in the community 

during this time. Faster recovery events observed in other studies, associated with the 

phytoplankton being subjected to the water flow, can hinder the detection of punctual impacts 
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because the evaluation was not done 24 h after herbicide spraying. Imazapyr and imazapic 

herbicides, whose mechanism of action is the same as that of penoxsulam, inhibited the growth 

of the phytoplankton community 24 h after the spraying in mesocosms (Reck et al. 2018). 

Residual water from CF after spraying with herbicides, such as clomazone, inhibited the growth 

of Chlorella vulgaris, Pseudokirchneriella subcapitata, and Desmodesmus subcapitatus strains 

2 days after spraying (Suárez-Serrano et al. 2010).  

The decrease in epiphyton richness after herbicide spraying may be the result of the 

longer contact time with the chemical compound. At the same time, the species has strategies, 

such as mucous tubules and peduncles, for resisting environmental pressure (Rimet & Bouchez 

2011). According to the sensitivity assessment, the periphyton remains exposed for longer to 

the pollutant that promotes community growth (Lobo et al. 2002). 

Differences between the algal communities subjected to conventional and organic 

farming were observed in the phytoplankton species composition, particularly in period 1 of 

the experiment. In the phytoplankton of CF, Bacillariophyceae was the most representative 

class for the total number of individuals, with a predominance of Nitzschia spp. This genus is 

common in wetlands and tolerates high nutrient and organic matter concentrations (Sheat & 

Wehr 2003; Trobajo & Sullivan 2010). Nitzschia cf. vixnegligenda is an indicator species in 

conventional rice fields. This is a little-known taxon that has been recorded in high-electrolyte 

streams in Ecuador and Central Europe (Rumrich et al. 2000). Nitzschia palea was also 

abundant; this species is distributed in different lotic and lentic environments, and is associated 

with environments under stress. Trobajo et al. (2009) recognized this species as being tolerant 

to atrazine, a photosystem II inhibitor herbicide (Debenest et al. 2010). Stauroneis reichardtii 

has also been reported to be an indicator species in conventional rice fields. This cosmopolite 

species is found in circumneutral waters with low specific conductance (Bahls 2010).  

The relationships between species composition and periods after flooding were verified. 

Euglenophyceae and Cryptophyceae increased densities in the phytoplankton community in 

period 2. Cyanophyta and Euglenophyta showed a positive relationship with these factors in 

mesocosms, whereas Chlorophyta, Bacillariophyta, Cryptophyta, and Dinophyta showed a 

decrease in density (Furtado & Luca 2003). Cryptophyceae belongs to the Y functional group; 

it is tolerant to low luminosity and, therefore, uses the phagotrophic mode to obtain energy 

(Reynolds et al. 2002). The incidence of solar radiation in rice water decreased over the 

time(Cassol et al. 2013), which may favor the growth of heterotrophic species in period 2. In 

experiments, the photosystem II inhibitor herbicide may favor facultative heterotrophic species, 

thus preventing their deleterious effects (Debenest et al. 2009; Larras et al. 2012).  
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In OF, Chlorophyceae was abundant among phytoplankton during period 1 of the 

experiment. The association between higher turbidity recorded in this study and the presence 

of R. planktonicus has been previously described (Reynolds et al. 2002). The density of green 

algae decreased consistently during period 2. The same result was observed for higher herbicide 

concentrations in rice farming, showing the sensitivity of species to photosystem inhibitor 

chemicals (Cochard et al. 2014); the effect was also noted ecotoxicologically (Suárez-Serrano 

et al. 2010). Radiococcus planktonicus, an indicator species of organic farming, has cells that 

are enveloped by a mucilaginous sheath making it easy to float. It has been suggested that 

colonial genera such as Aphanocapsa, Eudorina, Pandorina, and Sphaerocystis are sensitive to 

the presence of imazapyr and imazapic herbicides wich belong to the penoxsulam chemical 

group in rice farming mesocosms (Reck et al. 2018). The low abundance of green algae in CF 

and their predominance in OF suggest the effects that herbicide sprays have on the environment. 

Heterotrophic groups were also abundant in OF in period 2. 

In the epiphyton, Bacillariophyceae and Cyanophyceae made notable contributions to 

the composition of the communities in both rice farms. However, Chlorophyceae had a higher 

contribution in the OF, mainly in period 1. The preference of Chlorophyceae and Cyanophyceae 

in colonizing the rice stem was also observed in rice–fish farming without pesticides in India, 

where a natural substrate with a rough surface promoted the development of even more weakly 

attached forms of algal flora when compared to a glass slide that was preferentially colonized 

by Bacillariophyceae (Saikia & Das 2011). The authors suggested that there might be a 

relationship between the life cycle of the substrate and periphyton diversity even though they 

had not been able to describe such a relationship. In bioassays with periphytic communities, the 

herbicide metribuzin, a photosystem II inhibitor, negatively affected Chlorophyta, whereas 

diatoms and Cyanobacteria showed an increase in biomass under its exposure (Gustavson et al. 

2003).  

The results of this study showed that organic and conventional farming had distinct 

environmental conditions and expressed differences community attributes; only epiphyton 

richness showed differences between conventional and organic fields. Therefore, 

phytoplankton and epiphyton taxonomic compositions should be considered as an effective tool 

to illustrate the differences between the two systems. 
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CONSIDERAÇÕES FINAIS 

O presente estudo abordou uma investigação inédita para o Brasil avaliando a 

assembleia de diatomáceas e a comunidade de microalgas em condições de campo com ênfase 

no impacto de herbicidas da lavoura de arroz. 

Considerando as três comunidades estudadas, as diatomáceas no solo forneceram 

respostas mais nítidas sobre a ação dos herbicidas através da variação da riqueza, composição 

e teratologias. A amostragem no sedimento abrangeu um período importante dos efeitos, 

detectando alterações imediatamente após a aplicação. Diferenças na riqueza de espécies entre 

os dois sistemas, também foram observadas no epifíton, provavelmente devido ao maior tempo 

de contato com os herbicidas.  

Do ponto de vista prático, as microalgas participam da microbiota do solo garantindo 

processos importantes para a saúde do ambiente como a fixação de nitrogênio e do carbono, 

além do incremento dos agregados no solo. Considerando que a utilização de produtos químicos 

afeta a biodiversidade, estudos sobre as microalgas do solo são necessários para o que o 

conhecimento produzido possa ser utilizado como subsídio de práticas promotoras de 

diversidade, essencial para a manutenção dos referidos processos.  

No atual cenário, o incentivo às práticas convencionais nos sistemas de cultivo de arroz 

coloca em risco a sustentabilidade da produção de alimentos. É necessário o incentivo de 

práticas sustentáveis para a incorporação de valores como sustentabilidade, saúde e questões 

sociais, além do lucro e rentabilidade nos sistemas de produção.  

Finalizando, destaca-se a necessidade de avaliar a influência do sistema de plantio direto 

e pré-germinado na assembleia de diatomáceas em arroz irrigado. Os sistemas diferenciam-se 

principalmente no período de alagamento do solo, no qual condições mais úmidas são mantidas 

no sistema pré-germinado. Sugere-se também que assembleias de diatomáceas do solo sejam 

avaliadas em outros sistemas agrícolas e sob o impacto dos demais agrotóxicos utilizados 

atualmente.  

 


