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“Na acepção latina, como na grega, meta significa tanto 
o mérito ao final de uma jornada, como o que ainda está 

mais adiante. Talvez por isso é que, na vida, nunca nos 
seja dado saber em que medida uma conquista é um fim 

ou é apenas um novo começo”.
(Eduardo Couture)
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SUMÁRIO

FALQUETO, Antelmo Ralph, D.S., Universidade Federal de Pelotas, março de 2008. 
Crescimento, Fotossíntese e Partição de Assimilados em genótipos de Arroz 
Irrigado. Professor Orientador: Dr. Marcos Antonio Bacarin, Co-orientadores: Dr. 
Antonio Costa de Oliveira e Dr. Ariano Martins de Magalhães Junior.

Neste estudo foram avaliadas características fotossintéticas de genótipos de arroz 

(Oryza sativa L.) irrigado. Também foram avaliadas quanto às características de 

crescimento e de partição de assimilados cultivares com produtividade 

contrastante, BRS Pelota (maior produção de grãos) e BRS Firmeza (menor 

produção de grãos). Nenhuma correlação entre a eficiência fotoquímica máxima 

do fotossistema II (Fv/Fm) e o ano de liberação foi observada entre as diferentes 

cultivares. Entretanto, entre 1900-1960, um declínio na eficiência fotoquímica 

efetiva do fotossistema II (Fv’/Fm’) e na eficiência quântica efetiva da conversão 

da energia de excitação no fotossistema II (ФPS2) foi observado e sua recuperação

após 1960 foi consistente com a maior produção de grãos. Diferenças na taxa de 

evolução do oxigênio também foram expressivas entre os genótipos, 

especialmente na linhagem estéril IR58025A em relação a sua linhagem fértil 

IR58025B. Nas cultivares com produtividade contrastante, o conteúdo de 

clorofila foi mantido por no mínimo 15 dias em BRS Firmeza (fenótipo stay 

green), o que refletiu na manutenção dos valores de Fv/Fm e Fs/Fo. Reduções 

significativas no conteúdo de clorofila, Fv/Fm e Fs/Fo foram nítidas apenas no 
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estádio final de enchimento de grãos, com diferenças significativas entre a folha 

bandeira e a segunda, terceira e quarta folhas. Decréscimos nos parâmetros da 

fluorescência da clorofila em estado adaptado à luz (Fv’/Fm’, ФPS2 e quenching

fotoquímico - qP) também ocorreram e foram muito claras principalmente após o 

florescimento em ambas as cultivares. Seus valores foram sempre maiores para a 

cultivar BRS Firmeza, refletindo a presença dos genes stay green, o qual é 

responsável pelo retardo na senescência das folhas. Os valores da relação Fs/Fo, 

indicadores da capacidade assimilatória de CO2, foram positivamente 

correlacionados com os valores de Fv/Fm e Fv’/Fm’ e negativamente 

correlacionados com qN (quenching não-fotoquímico). Com relação às 

características de crescimento e de partição de assimilados, a cultivar BRS Pelota 

apresentou maior acúmulo de matéria seca (Wt) ao final do ciclo, maior área 

foliar (Af) e maior alocação de matéria seca para o colmo + bainha e panículas. O 

componente de produção de maior expressão no rendimento foi o número de 

panículas. Assim, a maior produtividade de BRS Pelota pode estar relacionada à 

maior área foliar e duração da área foliar, permitindo o fornecimento de elevada 

quantidade de fotoassimilados por um período maior.
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SUMMARY

FALQUETO, Antelmo Ralph, D.S., Federal University of Pelotas, March, 2008. 
Growth, Photosynthesis and Assimilate Partitioning of Irrigated Rice Genotypes. 
Advisor: Dr. Marcos Antonio Bacarin, Comitte: Dr. Antonio Costa de Oliveira and Dr. 
Ariano Martins de Magalhães Junior.

In this study, photosynthetic characteristics of irrigated rice (Oryza sativa L.) 

genotypes were evaluated. It were also evaluated with relation to growth and 

assimilates partitioning characteristics rice cultivars differing in yield potential, 

BRS Pelota (higher yield) and BRS Firmeza (lower yield). No correlation 

between maximum efficiency of PS2 photochemical (Fv/Fm) and year of release 

was observed among cultivars. However, between 1900-1960, a decline in 

effective efficiency of PS2 photochemistry (Fv’/Fm’) and effective quantum yield 

of photochemical energy conversion (ФPS2) was observed and their recover after 

1960 was consistent with a higher yield potential. Differences in maximal O2

evolution rate also were expressive between genotypes, especially, in the sterile 

line IR58025A when compared to the normal fertility found in IR58025B line. In 

those rice cultivars differing in yield, the chlorophyll content was maintained by 

at least 15 days in BRS Firmeza (stay green phenotype), which reflected in the 

maintaining of Fv/Fm and Fs/Fo values. Significant reductions in chlorophyll 

content, Fv/Fm and Fs/Fo were clear only at grain filling stage, which showed 

significant differences between flag and the 2nd, 3th and 4th leaves. Decreasing in 
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the chlorophyll fluorescence parameters in ligh-adapted state (Fv’/Fm’, ФPS2 and 

photochemical quenching - qP) also occurred and they were more clear mainly 

after the flowering stage in both cultivars. Their values were always higher in

BRS Firmeza rice cultivar, reflecting the presence of stay green genes, which are

responsible for a delay in leaf senescence. The Fs/Fo ratio values, a CO2

assimilatory capacity indicator, were positively correlated to Fv/Fm and Fv’/Fm’ 

values and negatively correlated to qN (non-photochemical quenching). In 

relation to growth and assimilates partitioning characteristics, plants of the BRS 

Pelota rice cultivar showed higher  total dry matter accumulated (Wt) at end of 

life cicle, higher leaf area (Af)  and higher dry matter allocated toward culm + 

sheath and panicles. The yield component which presented higher relevance for 

yield was the panicle number. Thus, the higher grain yield of BRS Pelota could 

be related to a higher leaf area and leaf area duration, which permits the 

providing of elevated quantity of photoassimilates by higher period time.
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INTRODUÇÃO GERAL

O arroz (Oryza sativa L.) é um dos principais cereais consumidos pela 

população mundial e sua produção representa cerca de 30% da produção mundial 

de grãos (He et al., 2006; Yadav & Jindal, 2008; Luangmalawat et al., 2008). 

Atualmente, aproximadamente 90% do arroz mundial são produzidos e 

consumidos pelos países asiáticos, como a China, Índia, Indonésia, Filipinas e 

Tailândia (Jongdee et al., 2006; Luangmalawat et al., 2008). A produção de grãos 

na China, por exemplo, considerada pioneira no seu cultivo e comercialização, 

corresponde a 45% da produção total naquele país (Tao et al., 2008).

O Brasil aparece entre os 10 países de maior produção de arroz, segundo 

dados publicados pela Embrapa (2005). Dentre os Estados brasileiros produtores 

deste cereal, o Rio Grande do Sul destaca-se como o maior produtor nacional e

sua participação na produção brasileira atinge cerca de 49,5% do total produzido, 

correspondente a aproximadamente 5.146.595 toneladas/ano (Embrapa, 2005), 

sendo esta oriunda, na sua maioria, de sistema de cultivo irrigado (Magalhães 

Junior, et al., 2003). 

Populações de países em desenvolvimento encontram no consumo de 

arroz cerca de 70% da demanda calórica total requerida, o que certamente 

justifica a importância que a cultura assume nestes países (Takai et al., 2006). 

Neste sentido, considerando o aumento crescente da população mundial, tornar-

se imprescindível a geração de novos métodos para elevar a produção de arroz 

em cerca de 50% dentro de um período de tempo relativamente curto (Horton, 
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2000; Zang & Kokubun, 2004). Felizmente, o aumento na produção global de 

grãos tem se favorecido graças à expansão das áreas de cultivo, à modernização 

dos métodos de irrigação, ao uso de fertilizantes, inseticidas e pesticidas, e às 

tecnologias de geração de variedades híbridas com alta capacidade de produção 

(Masumoto et al., 2004).

 Entre estas técnicas, a geração de variedades geneticamente melhoradas e 

de híbridos com alta produtividade é de grande significado para o aumento da 

produção de arroz. O desenvolvimento de híbridos representa um dos maiores 

avanços tecnológicos para o melhoramento genético de plantas e depende de um 

método de esterilização do pólen que não altere a fertilidade do gameta feminino 

(Coimbra et al., 2006). A adoção do sistema de esterilidade genético 

citoplasmática, o qual envolve três linhas (macho estéril, linha mantenedora e 

linha restauradora da fertilidade), tornou possível introduzir genótipos híbridos 

com alta produtividade (Zhang & Kokubun, 2004; Coimbra et al., 2006).

O aumento da produtividade é determinado pela capacidade das plantas 

em produzir fotoassimilados. Neste sentido, o aumento da capacidade 

fotossintética tem sido intensivamente considerado uma vez que a fotossíntese é 

o processo inicial para a produção de biomassa (Jiang et al., 2000). Segundo 

Lawlor (1995), a produção de biomassa pode ser acrescida por meio de 

alterações da duração do crescimento da cultura, da sua taxa de crescimento ou 

ambos, uma vez que estes processos estão diretamente relacionados à 

fotossíntese e à eficiência de absorção da energia luminosa. 

A luz absorvida pelos fotossistemas pode ser utilizada para as reações 

fotossintéticas ou dissipada por alguns mecanismos, tais como a transferência de 

energia entre pigmentos, a liberação de energia na forma de calor e a emissão de 

fluorescência (Krause & Weis, 1991). Algum esforço tem sido direcionado na 

identificação de diferenças na emissão da fluorescência da clorofila a entre 

genótipos de arroz. Jiang e colaboradores (2002) evidenciaram uma associação 

entre a eficiência de absorção da energia luminosa, medida por meio da produção 

da fluorescência da clorofila a e capacidade de produção de grãos. Estes autores 

observaram maiores valores da eficiência fotoquímica do fotossistema II (Fv/Fm) 
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em arroz híbrido de alta produtividade. Analogamente, aumentos na taxa

fotossintética [avaliada como a taxa de evolução do oxigênio (μmol O2 m
-2 s-1)]

foram relatados em plantas de arroz com citoplasma estéril e em diferentes 

cultivares lançadas comercialmente até os anos 60 (Sasaki & Ishii, 1992; Kato et 

al., 2004; Zhang & Kokubum, 2004; Hubbart et al., 2007), indicando que o 

fornecimento de capacidade fotossintética, seja ela por meio da elevação da 

eficiência de utilização da energia luminosa ou da otimização das reações 

bioquímicas da fotossíntese, tem ocorrido com o avanço das técnicas de 

melhoramento de cultivares de alta produtividade (Jiang et al., 2002). Ainda 

dentro desse contexto, mudanças nos parâmetros da fluorescência durante a 

senescência foram investigadas por Jiao e colaboradores (2003) em diferentes 

cultivares de arroz de origem japônica e indica revelando um maior decréscimo 

da eficiência fotoquímica ao longo do desenvolvimento das plantas nas cultivares 

indica. Assim, com base na interpretação dessas características fotossintéticas, os 

autores sugeriram a seleção das cultivares japônica ou de uma linha estéril com 

genótipo japônica como planta-mãe (fêmea estéril) para uso em programas de 

melhoramento genético visando aumento da produtividade.

Desde que a relação entre as reações luminosas da fotossíntese e a 

fluorescência da clorofila a emergiu, esta técnica passou a ser extensivamente 

utilizada como uma eficiente ferramenta na investigação das reações de 

transporte de elétrons dirigidas pela luz no complexo proteína-pigmento do 

fotossistema II e tem se tornado um importante tema de pesquisas na fisiologia 

vegetal (Yamane  et al., 2000; Misra et al., 2001; Panda et al., 2006), como a 

caracterização de cultivares de trigo  (Jiang et al., 2000; Jiang & Xu, 2000), soja 

(Braga et al., 2006; Huang et al., 2006; Bernal et al., 2007), feijão (Zanandrea et 

al., 2006), cevada (Jiang et al., 2006) e arroz (Jiang et al., 2002; Lidon et al., 

2004; Wang et al., 2005). O estudo da fluorescência tem permitido a aquisição de 

importantes informações à cerca dos processos de dissipação fotoquímica e não-

fotoquímica da energia de excitação que ocorrem nas membranas dos tilacóides 

em presença de luz (Krause & Weis, 1991; Roháček, 2002), o que, 

indubitavelmente, poderia ser de grande utilidade na identificação e compreensão 
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dos contrastes morfofisiológicos existentes em diferentes genótipos e na 

determinação das características fotossintéticas que contribuem para uma maior 

produtividade, possibilitando, assim, seu emprego na seleção de materiais 

genéticos promissores (Jiang et al., 2002; Wang et al., 2005; Kumagai et al., 

2007).

Considerando o contexto acima, este estudo teve por objetivo investigar 

características fotossintéticas e de crescimento em genótipos de arroz irrigado, 

visando traçar relações entre a produtividade e eficiência de absorção da energia 

de excitação, bem como avaliar o uso dessas características como indicadoras de 

ganho fotossintético de cultivares melhoradas geneticamente.
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Abstract

Changes in Chl fluorescence characteristics and photosynthetic rate were 

investigated in forty rice (Oryza sativa L.) genotypes. The experiments were conducted 

in controlled conditions, in order to determine the dark-adapted photochemical 

efficiency of PS2 (Fv/Fm) and photosynthetic rate, estimated as a maximum O2 evolution 

rate [µmol (O2) m-2 s-1] and in field conditions, to determination of Chl fluorescence 

parameters in light-adapted state (Fv’/Fm’, ФPS2 and qP), canopy height and grain yield. 

Fv/Fm was considered an intrinsic physiological characteristic which did not change by 

breeding. In contrast, there was a significant variation in OER between rice cultivars, 

but the relationship between this photosynthetic parameter and year of release was not 

significant. A decrease in Fv’/Fm’ and ФPS2 values was observed in all rice cultivars 

released between 1900-1960, with the subsequent recovery to higher levels in these 

cultivars released after 1960s. This result suggests the use of Fv’/Fm’ and ФPS2 as 

selection parameters to obtain increases in biomass production. The higher 

photochemical efficiency of PS2 in cultivars developed after 1960s was consistent with 

a higher grain yield, which was related to lower canopy height. Rather it is indicated 

that breeding caused improvements in photosynthetic capacities from indirect manner, 

considering that the mainly objective of breeding techniques application is improving 

others plant characteristics, such as higher panicle number/height, shorter plant stature 

and higher biomass production.

Key words: canopy height, grain yield, oxygen evolution rate, photochemical efficiency 
of PS2.

                                                
1 Corresponding author; fax: +55 53 3275 7169, e-mail: bacarin@ufpel.edu.br
Abbreviations: Chl – chlorophyll; PS2 – photosystem 2; Fv/Fm – maximal efficiency PS2 photochemistry 
measured in dark-adapted state; Fv’/Fm’ – effective efficiency of  PS2 photochemistry measured in light-
adapted state; qP – photochemical quenching of Chl fluorescence; ΦPS2 – effective quantum yield of 
photochemical energy conversion in PS2 in light-adapted state; OER – oxygen evolution rate.
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1. Introduction

The main goals of rice production systems is the optimization of grain yield 

(Koutroubas and Ntanos, 2003). As with many other crop species, the major 

improvements in rice yield potential in the past have included breeding to alter 

morphological and physiological traits (canopy architecture and harvest index) which 

ultimately improve the efficiency of resource capture (Hubbart et al., 2007). 

However, those mechanisms utilized to improve rice yield potential in the past are 

now close to optimization and that future improvements will arise from an 

improvement in total biomass production (Horton, 2000). Although there are any 

factors that affect biomass production, the efficiency with which solar radiation is 

transformed into biomass is one the most important (Sharma-Natu and Ghildiyal, 

2005).

Some studies have been recognized that photosynthetic capacity of 

agricultural crops must be improved in order to increase the biomass production rate 

and yield potential (Horton, 2000; Zhang et al., 2006). Improvements in rice 

photosynthetic capacity have been resulted by plant breeding (Sasaki and Ishii, 1992; 

Zhang and Kokubum, 2004; Hubbart et al., 2007). Thus, improvements in both 

photosynthetic and light interception capacity by the canopy results in higher yield 

potential of crop species (Zhang and Kokubum, 2004). Several studies have shown 

that flag leaf photosynthesis improvement is positively correlated with release years 

of rice cultivars, which suggests that improvements of leaf photosynthesis have 

occurred with the breeding advances (Sasaki and Ishii, 1992; Murchie et al., 2002; 

Masumoto et al., 2004; Zhang and Kokubun, 2004; Hubbart et al., 2007).

During the photosynthesis, photon energy absorbed by plant is converted into 

chemical forms, NADPH and ATP, and then used for CO2 assimilation. The ability 

of photon energy conversion in plant is mainly reflected in photochemical reactions, 

which can be determined by the non-invasive and rapid Chl fluorescence 

measurement (Roháček, 2002). Evidence exists that increased absorption and use of 

light forms the basis for an increase in canopy CO2 fixation and productivity. Then, 

studying the historical variations in Chl fluorescence could allow the understanding 

of physiological changes that were introduced through breeding. Thus, the objective 

of the present study was to evaluate the changes in Chl fluorescence characteristics 
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and photosynthetic rate in rice genotypes released in different historical periods from 

1900 to 2005.

2. Materials and methods

2.1. Experiment in greenhouse conditions

Controlled experiment was conducted to investigate the dark-adapted 

photochemical efficiency of PS2 (Fv/Fm) and the photosynthetic rate, determined as a 

maximum O2 evolution rate according Bacarin et al. (2008). Forty rice cultivars 

(Oryza sativa L.), released in different historical periods from 1900 to 2005, were 

used as the experimental materials. The measurements of Chl fluorescence and 

photosynthetic rate were conducted in 2005 and 2006 during the rice growing season 

from October to March in greenhouse conditions situated at Federal University of 

Pelotas, Brazil. For the experimental design, a completely randomized one was used. 

The seeds were sown in plastic pots (12 L) filled with soil fertilized according to 

official guidelines (Sosbai, 2007). Twenty-five seeds were sown in each pot. In order 

to obtain uniform plants, the seedlings of each pot were thinned from 20-25 to 5 per 

pot after the appearance of the second leaf. Water depth of 3 to 5 cm was maintained 

in each pot. All the measurements were performed on the first or second fully 

expanded leaves counted from the top of the plant at vegetative stage [growth stage 

correspond to V10, according to Counce et al. (2000)].

2.2. Experiment in field conditions

Field experiment was conducted at Experimental Field of the Embrapa Clima 

Temperado, Pelotas, Rio Grande do Sul, Brazil.The same forty rice cultivars 

established in greenhouse conditions were used in this experiment. All rice cultivars 

were arranged in a completely randomized block design with 4 replications. Plots 

consisted of 6 rows 17.5 cm apart. The final plant density achieved in the field was 

60 plants per linear meter. The field was flooded for 1 day before sowing and the 

water maintained between 5 and 10 cm deep until rice grains reached physiological 

maturity. Sowing was performed directly in the field on November 2005 and 2006. 
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Weeds, insects and diseases were controlled as required to avoid yield loss. Chl 

fluorescence measurements were made on the first or second fully expanded leaves 

without pre-dark adaptation counted from the top of the plant at vegetative and grain 

filling stages [growth stage corresponding to V10 and R7, respectively, according to 

Counce et al. (2000)]. Fv’/Fm’, ΦPS2 and qP were simultaneously determined with a 

modulated fluorescence monitor system FMS-2 (Hansatech, UK). Application of a 

saturating pulse on leaves enabled to determine maximum Fm’ and Fo’. Then, Fv’ was 

calculated by equation Fv’ = (Fm’ – Fo’). Thereafter, the effective efficiency of PS2 

photochemistry (Fv’/Fm’) was calculated. Photochemical quenching (qP) and the 

effective quantum yield of photochemical energy conversion in PS2 (ΦPS2) were 

calculated as qP = (Fm’ – Fs)/(Fm’ – Fo’) and ΦPS2 = (Fm’ – Fs)/ Fm’, respectively 

(Roháček, 2002). Canopy height at the tip of the ear, was measured on five random 

plants per cultivar before harvest and grain yield was determined from a 5 m2 area 

and adjusted to a moisture content of 0.13 ± 0.01 g H2O g-1 fresh weight.

2.3. Statistical analysis

In this experiment, median data were obtained for Chl fluorescence measures in 

order to represent the year release intervals, because the values did not obey the 

Gaussian distribution law or normal distribution (for more details about statistical 

properties of Chl fluorescence, see Lazar and Naus, 1998). OER, canopy height and 

grain yield data of cultivars were plotted as a function of their released year. For canopy 

height and grain yield, simple correlation coefficients were calculated.

3. Results and discussion

3.1. Maximum photochemical efficiency of PS2 and photosynthesis rate of rice 

cultivated in greenhouse conditions

No change was observed in maximal photochemical efficiency of PS2 (Fv/Fm) 

along of the years (data not show). The values of Fv/Fm ranged from 0.83 (BRS 6 Chuí) 

to 0.863 (BRS Carisma) and the mean value of Fv/Fm obtained for all cultivars was 

0.849.  Fv/Fm represents the maximum quantum yield of PS2 photochemistry and is 

often used as a characteristic of potential yield of PS2 photochemical reactions (Krause 

and Weis, 1991). The maximum value of Fv/Fm is almost constant (approximately 
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0.800-0.850) for many different plant species in the absence of stress (Björkman and 

Demming, 1987). Thus, from our result, we should conclude that yield improvements 

obtained with breeding did not alter Fv/Fm values. 

In contrast, there was significant variation in OER between different rice 

cultivars during the period 1900-2005 (Figure 1). The cultivar BR Irga 410 (1980) 

showed the highest value (55.4 µmol O2 m
-2 s-1), followed by Chatinho (1931), Lemont 

(1971) and BR Irga 412 (1986), which also showed OER values higher than 50 µmol O2

m-2 s-1. The cultivar Douradinho (1957) was characterized by the lowest OER value 

(27.1 µmol O2 m
-2 s-1). The mean value of photosynthetic rate was 42.01 µmol O2 m

-2 s-

1 for all cultivars and it is consistent with the results obtained under normal 

environmental for some Oryza species and various lines resulting from the crossing 

between Oryza sativa species (cultivated rice) and Oryza rufipogomn (wild rice) in 

Japan (Masumoto et al., 2004; Bacarin et al., 2008). 

Differences in net photosynthetic rate between rice cultivars have been reported 

in the literature. These studies, however, report differences in CO2 fixation and 

RuBPCO content (Sasaki and Ishii, 1992; Murchie et al., 2002; Masumoto et al., 2004). 

Zhang and Kokubun (2004) reported that the net photosynthetic rate was lower in 

tropical japonica cultivars, growing in the field at the International Rice Research 

Institute farm (Philippines). 

In addition, cultivars bred in Japan and released over the period 1882-1976 

showed significant positive correlation between flag leaf net photosynthesis two weeks 

after heading and the year release of cultivars (Sasaki and Ishii, 1992). Other studies 

have shown that rice cultivars released after 1950s had higher photosynthetic rate per 

leaf area unit (Masumoto et al., 2004; Zhang and Kokubun, 2004). This finding 

indicates that the improvements of leaf photosynthesis have occurred with the advance 

of breeding high-yielding cultivars. However, in the present study, no significant 

correlation was obtained between OER and year of release of that rice cultivars released 

since 1900 (Fig. 2).

In rice, it has been reported that the photosynthetic capacity is associated with 

the amount of Rubisco and Rubisco activase (Fukayama et al., 1996). In addition, light 

and CO2-saturated photosynthesis is limited by Pi regeneration capacity. If Pi content 

decline enough, photophosphorilation can become inhibited, reducing ATP synthesis 

and in turn RuBP regeneration. This results in higher photorespiration levels, which 

may be an important process for energy dissipation to prevent photoinhibition (Shi-Wei 
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et al., 2007). As the activity of Rubisco activase and therefore Rubisco activation is 

dependent on the ATP production and electron transport, it is possible that the content 

of Rubisco activase closely correlates to photosynthetic capacity (Fukayama et al., 

1996). Photosynthetic rate is not controlled by merely one enzyme or reaction. Stitt 

(1986) suggested that OERs in spinach leaves were limited by a capacity for sucrose 

synthesis under saturated light and CO2, by restricting the rate at which inorganic 

phosphate can be recycled.

3.2. Effective photochemical efficiency of PS2 and yield of rice cultivated in field 

conditions

Figure 3 shows data for Chl fluorescence parameters measured in light adapted 

state for rice cultivars released over the period 1900-2005, grown under field 

conditions. Despite a large variation, no clear single trend in Chl fluorescence 

parameters could be identified over the 100 year period for different rice cultivars. 

However, if splitting the data into the two periods of yield improvement, such as 

originally pointed by Peng et al. (2000) and Hubbart et al. (2007), an intriguing picture 

emerges. A significant decline of Fv’/Fm’ (r = -0.97, p ≤ 0.05) and ФPS2 (r = -0.96, p ≤ 

0.05) was observed in all rice cultivars released between 1900 and 1960 (Fig. 3a-b), but 

no significant correlation was observed in qP values for the period 1900-2005 (Fig. 3c). 

Generally speaking, Fv’/Fm’and ФPS2 represent the fraction of energy used for 

photosynthetic electron transport in thylakoid membranes of chloroplasts (Genty et al., 

1989). Thus, from these results, we can observe that the rice cultivars released prior 

1960s had lower photochemical energy conversion in PS2 than those released after. If 

that energy conversion had high efficiency, it should optimize the electron transport 

reactions through PS2, generating high ATP and NADPH levels, which should be used 

in biochemical reactions of photosynthesis. Recently, changes in maximum net 

photosynthesis (Pmax) and leaf composition (Chl and Rubisco content and total protein) 

in rice cultivars were described by Hubbart et al. (2007). Analogously to our results 

with fluorescence, they observed a significant decline in Pmax, stomatal conductance (g), 

Rubisco content, total leaf protein, and Chl content in all rice cultivars released prior 

1980.

It is important to note that Fv’/Fm’ and ФPS2 recovered to higher levels in 

cultivars released after 1960 (Fig. 3a-b). It is suggested that an increase in 
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photochemical efficiency in rice is more likely to be observed in circumstances where 

an increase in biomass production dominates, like previously suggested by Hubbart et 

al. (2007). This shows that although Chl fluorescence parameters have not been used as 

a breeding criterion, they were increased after 1960, by selection. One suggestion to 

these striking results would be that they are related to morphology such as the 

increasing in total leaf area, which may involve a decreased investment per unit leaf 

area, resulting in a lower amount of photosynthetic components, i.e. more light capture 

and photosynthesis but over a larger leaf area (Sarquíz et al., 1998; Hubbart et al., 

2007). The previous result successfully showed that, during the past 40 yr, rice breeding 

efforts have been directed towards incorporation of disease and insect resistance, earlier 

maturity, and improving grain quality, but not towards increasing of photosynthesis 

(Peng et al., 2000). 

The rice cultivars also showed differences in grain yield (data not show). 

Averaged across years, Tetep and Supremo 1 had the lowest grain yield (3.807 kg ha-1) 

and 108 Epagri and BRS Pelota the highest (11.207 kg ha-1), while IAC 4, Lemont, BR 

Irga 411, BR Irga 414, Rio Grande and BRS Colosso had moderate grain yield (average 

of 7.830 kg ha-1). Besides, the linear regression analysis of grain yield against year of 

release (r = 0.5, p ≤ 0.05) showed that historical cultivar yield trends occurred along the 

years (Fig. 4a). Thus, we estimated that the annual gain in rice yield was 5.855 kg ha-1

which is equivalent to an increase of approximately 55.8% in rice yield since 1900. 

However, when the data are separated into the two periods of yield improvement, we 

observed that cultivars developed between 1900 and 1960 (Agulha, Japones Grande, 

Chatinho, Carolina and Douradinho) showed lower yield production than those cultivars 

developed between 1960 and 2005. The higher grain yield observed in those rice 

cultivars released after 1960 is consistent to increase in photochemical efficiency of PS2 

in cultivars developed after that year (Fig 3a-b). Thus, it appears correct to affirm that 

some improvements in photosynthetic capacities have occurred with the advances of 

breeding, as previously related.

The apparent change in yield since 1960 is consistent with data from another 

author. Peng et al. (2000) registered the highest yield in rice cultivars released after 

1960s grown at the International Rice Research Institute (IRRI) farm and the Philippine 

Rice Research Institute farm during the dry season of 1966. These authors analyzed 

some yield components and verified that cultivars developed between 1974 and 1983 

produced more panicles, had low grain weight, higher tillering capacity, lower leaf area 
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index, lower total dry matter, higher harvest index (HI) and shorter stature than the old 

cultivars. In contrast, cultivars developed in recent years (1985-1995) were intermediate 

in tillering capacity, HI and canopy height (Peng et al., 2000). In our study, a significant 

correlation between grain yield and canopy height was also observed (Fig 4b). Shorter 

rice cultivars had higher grain yield (8.800 kg ha-1) than tall cultivars (6.740 kg ha-1). In 

five representative rice cultivars of indica and japônica group with different yield 

potential, the higher yield cultivars had shorter height than those tall cultivars, which 

were accompanied by more grains per panicle (Koutroubas and Ntanos, 2003). 

4. Conclusions

The absence of genotypic variation since 1900s indicates that Fv/Fm and OER are 

intrinsic physiological characteristics which did not change along the years of breeding.  

In contrast, the recovery of photochemical efficiency after 1960s suggests the use of 

Fv’/Fm’ and ФPS2 values as selectable traits to obtain increase in biomass production of 

rice. Rather it is also indicated that breeding caused improvements in photosynthetic 

capacities from indirect manner, considering that the mainly objective of breeding 

techniques application is improving others plant characteristics, such as higher panicle 

number/height, shorter plant stature and higher biomass production. This idea was 

confirmed by our result, which showed that the higher PS2 photochemical efficiency of 

cultivars developed after 1960s was consistent with higher grain yield, which was 

related to lower canopy height of plants.
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Fig. 1. Maximum oxygen evolution rate (µmol O2 m-2 s-1) of rice cultivars released during the period 
1900-2005. Vertical bars represent standard deviations (n = 20).
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Fig. 2. Maximum oxygen evolution rate (µmol O2 m
-2 s-1) of rice cultivars released during the period 

1900-2005. 
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Fig. 3. Effective efficiency of PS2 photochemistry (Fv’/Fm’ - a), effective quantum yield of photochemical 
energy conversion in PS2 (ΦPS2 – b) and photochemical quenching of Chl fluorescence (qP – c) in rice 
cultivars. Cultivars were categorized according to whether they were released prior to or subsequent to 
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1960. The correlation coefficients are shown for cultivars released before and after 1960. (*) represent 
0.05 probability level of significance. (ns) no significant.

Fig. 4. Relationship between the grain yield and released year (a) and canopy height (b) of rice cultivars 
released over the period 1900-2005. The correlation coefficients are shown in both pictures. (*) represent 
0.05 probability level of significance.
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Abstract

Changes in chlorophyll content and Chl fluorescence parameters on flag leaves of two 

rice cultivars, BRS Pelota and BRS Firmeza (a stay green mutant rice), differing in 

yield potential were examined along of plant developmental stages. As compared with 

BRS Firmeza (low yield), BRS Pelota (high yield) showed a significant decrease in Chl 

content and Fv/Fm after 85 DAS. In BRS Firmeza, changes in Fv/Fm were less evident 

while Chl content decreased considerably only after 100 DAS, indicating that the 

senescence was prolonged by at least 15 days in that rice cultivar. Decreases in Fv’/Fm’, 

ΦPS2 and qP occurred mainly after 100 DAS in both cultivars. However, Fv’/Fm’ and 

ΦPS2 values were lower in BRS Pelota than those from BRS Firmeza, suggesting that the 

PS2 apparatus of BRS Pelota was less efficient in capturing the excitation energy during

the later developmental stage. A positive linear relationship also was observed between 

Fs/Fo and both Fv/Fm and Fv’/Fm’ ratios in both rice cultivar. Moreover, a negative highly 
                                                
2 Corresponding author; phone: +55 53 32757336, e-mail: bacarin@ufpel.edu.br
Abbreviations: Chl – chlorophyll; DAS – days after sown; PS2 – photosystem 2; Fo – minimum 
fluorescence yield in dark-adapted state; Fo’ – minimum Chl fluorescence yield in light-adapted state; Fm

– maximum Chl fluorescence yield in dard-adapted state; Fm’ – maximum Chl fluorescence yield in light-
adapted state; Fv – variable chlorophyll fluorescence; Fv’ – maximum variable Chl fluorescence yield in 
LAS; Fs – steady-state Chl fluorescence yield; Fv/Fm – maximal efficiency PS2 photochemistry measured 
in dark-adapted state; Fs/Fo – Fs normalized to Fo; Fv’/Fm’ – effective efficiency of  PS2 photochemistry 
measured in light-adapted state; qP – photochemical quenching of Chl fluorescence; qN – non-
photochemical quenching of Chl fluorescence; ΦPS2 – effective quantum yield of photochemical energy 
conversion in PS2 in light-adapted state.
Acknowledgements: the author thank to CNPq - Conselho Nacional de Desenvolvimento Científico e 
Tecnológico, Brazil and FAPERGS - Fundação de Amparo à Pesquisa do Estado do Rio Grande do Sul, 
Brazil – for financial support.
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significant relationship was found between Fs/Fo and qN in both cultivars, suggesting 

that Fs/Fo level is most directly responsive to qN. In both cultivars, the relationship 

between Fs/Fo and qP was less clear. From these results, we conclude that BRS Firmeza 

possesses some better parameters in Chl fluorescence than BRS Pelota and the 

differences between then could be better registered at later grain filling stage. Finally, 

inferences about the energy dissipation and down-regulation processes in the PS2 

antennae allow to hypothesize that BRS Firmeza is able to efficiently regulate the 

photosynthetic apparatus in steady-state conditions.

Additional key words: non-photochemical quenching, Oryza, photochemical efficiency, 

photosystem II, photochemical quenching.

Introduction

Rice is among the oldest of cultivated crops, ranking as one of the most important foods 

in the world, since it is consumed by more than half of the world population (He et al. 

2006). Although increments in the world rice production have been obtained in the last 

years, with the projected population increase, the rice grain yield has yet to increase by 

60 % in the next 30 years, in order to supply the demand for this cereal (Ying et al. 

1998). Therefore, the main goal of rice breeding programs is grain yield optimization 

through the generation of high-yielding cultivars (Ying et al. 1998, Koutroubas and 

Ntanos 2003, Masumoto et al. 2004). Yield potential of modern rice cultivars in 

irrigated areas has stalled close  to 1 0 t ha-1, although grain yields over 13 t ha-1 have 

been reported in farmer’s fields in the subtropical environment of China and the 

temperate environment of Australia (Ying et al. 1998). 
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High crop yield is determined by the ability of a plant to produce high levels of 

photoassimilates (Daie 1985). Thus, the increase of photosynthetic performance of

cultivars has been intensively considered since photosynthesis is the initial process of 

biomass production and yield formation (Lawlor 1995, Jiang et al. 2000). Biomass 

production can be increased by modifying growth duration, crop growth rate or both, 

since they are a function of canopy net photosynthesis and light absorption efficiency 

(Lawlor 1995). 

Light absorbed by the antenna complexes can be used to drive photosynthesis, 

but the excitation energy can be dissipated by several mechanisms. Thus, the excited 

singlet state of Chl is subjected to a number of competing de-excitation reactions, 

including photochemical trapping, energy transfer, radiation-less de-excitation and 

fluorescence emission (Krause and Weis 1991).

Some efforts have been devoted to identifying differences in Chl fluorescence 

yield among rice cultivars with difference in yield potential. Jiang and co-workers 

(2002) reported that there is some association between light absorption efficiency, 

measured through the chlorophyll fluorescence yield, and grain yield in rice (Jiang et al. 

2002). They reported that Peiai 64S/E32 (hybrid rice with a higher yield potential) 

showed a slightly higher PS2 photochemical efficiency (Fv/Fm and ∆F/Fm’) than 

Shanyon 63, used as a reference. However, these data were obtained at the panicle 

differentiation stage, and failed to improve insights about the photosynthetic 

performance along plant development, from vegetative state until the plant senescence. 

Such information would be useful to understand the current constraints of rice yield 

potential and to determine the plant photosynthetic characteristics that contribute to high 

yields.
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In recent years, the chlorophyll fluorescence has been used as an efficient tool in 

crop research, such as the characterization of wheat cultivars (Jiang et al. 2000, Jiang 

and Xu 2000), soybean (Braga et al. 2006, Huang et al. 2006, Bernal et al. 2007), 

common bean (Zanandrea et al. 2006), barley (Li et al. 2006, Jiang et al. 2006) and rice 

(Jiang et al. 2002, Lidon et al. 2004, Falqueto et al. 2006). Furthermore, it has been 

shown that the Chl fluorescence technique allows the evaluation of parameters that 

correlate with net CO2 assimilation, which in turn give estimates of the linear electron 

transport rate through PS2 (ETR) (Krall and Edwards 1992). Recently, it has been 

reported that the Fs/Fo ratio, obtained through simple fluorescence parameters (Fs and 

Fo) are associated with important gas-exchange parameters (net CO2 assimilation and 

stomatal conductance) in grapevine plants (Vitis vinifera L.) under water stress 

conditions (Flexas et al. 2002). These results suggest that Fs/Fo ratios could be tested for 

other comparisons, i.e. those related to differences in yield potential between cultivars. 

Studies testing Fs/Fo ratios in rice cultivars differing in yield potential have not yet been 

reported. Thus, the objective of this study was to compare relevant chlorophyll 

fluorescence parameters between two rice cultivars differing in yield potential (high and 

low) along plant developmental stages.

Materials and methods

Plants: This experiment was carried in greenhouse during rice (Oryza sativa L.) 

growing season (October to March) during the summer 2005/2006. The greenhouses 

were located in Capão do Leão County, RS, Brazil (31º48’S, 52º24’W). The rice 

varieties used were BRS Firmeza and BRS Pelota. These cultivars were chosen because 

of their difference in grain yield potential (7.5 and 10 t ha-1 for BRS Firmeza and BRS 

Pelota, respectively). BRS Firmeza is a stay green mutant rice included in the 

modern/american rice type and it has short stature (mean plant height of 77 cm), early 
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maturation (time of maturity 115-120 days), low-tillering ability, small-panicle type, 

and vigorous and strong culms and large and green leaf blades. BRS Pelota is originated 

through the selection of off-type plants found in a heterogeneous population of BR-Irga 

410 cultivar. This cultivar is a relatively tall (plant height 80-100 cm), medium maturing 

(125–130 days), high tillering ability and large panicle cultivar (Magalhães Júnior et al. 

2003). A randomized complete design with ten replicates was used for each rice 

cultivar. Each replicate consisted of one plastic pot (12 L) filled with soil fertilized 

according to official guidelines (Sosbai, 2007). Twenty-five seeds were sown in each 

pot. In order to obtain uniform plants, the seedlings of each pot were thinned from 25 to 

5 per pot after the appearance of the second leaf. Thereafter, a water depth of 3 to 5 cm 

was maintained until after maturity. 

In this paper, rice growth is divided into the four stages: vegetative - 70 days 

after sowing (DAS) (recorded from sowing date to panicle initiation), flowering – 85 

DAS (determined when 90 % of hills had at least one tiller on anthesis), early grain 

development – 100 DAS (determined when 90 % of grains had reached milking stage) 

and later grain development – 115 DAS (considered when 95 % of spikelets had turned 

from green to yellow). All the measurements were performed on the first leaf (when the 

plants were at vegetative developmental stage) and after on the flag leaves (when the 

plants were at reproductive stage). Chl and fluorescence parameters were measured in 

dark adapted state (Fv/Fm and Fs/Fo), during the four stages. The effective 

photochemical efficiency parameters and the photochemical and non-photochemical 

quenching (Fv’/Fm’, ΦPS2, q
P and qN) were analyzed at 70, 100 and 115 DAS (flowering, 

early and later grain filling stages).

Chl content was extracted with 80 % acetone and determined spectrophotometrically 

according to Arnon (1949). 
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Chl fluorescence parameters were measured using a fluorescence monitoring system 

FMS2 (King’s Lynn, Norfolk, England). The leaves were left in dark by 20 min before 

the measurements, in order to return the photosystems to the oxidized state. Then 

minimal fluorescence (Fo) was recorded when a week modulated measuring radiation 

with an overall photon flux density lower than 0.1 μmol(photon) m-2 s-1 was applied to 

pre-darkened samples. When samples were irradiated by a pulse saturating radiation, the 

maximum fluorescence (Fm) was obtained as well. A difference between Fm and Fo was 

denominated maximum variable fluorescence (Fv). When Fm decreased, the steady state 

fluorescence (Fs) was reached in continuous actinic light. Application of a saturating 

pulse at this state enabled to determine maximum Fm
’ and Fo

’. Then, Fv
’ was calculated 

by equation Fv
’ = (Fm

’ - Fo
’). Thereafter, we calculated the maximal efficiency of PS2 

photochemistry (Fv/Fm), Fs/Fo ratio and the effective efficiency of PS2 photochemistry 

(Fv
’/Fm

’). Photochemical quenching (qP), the non-photochemical quenching (qN) and the 

effective quantum yield of photochemical energy conversion in PS2 (ΦPS2) were 

calculated as qP = (Fm’ – Fs)/(Fm’ – Fo’), q
N = (Fm - Fm’)/( Fm – Fo) and ΦPS2 = (Fm’ –

Fs)/ Fm’, respectively (Roháček 2002). 

Statistical Analyses: The data were subjected to an analysis of variance, considering 

two factors: cultivars (BRS Firmeza and BRS Pelota) and days after sown (70, 85, 100 

and 115). The means were tested for significance by Tukey’s test (p<0.05 and p<0.01).

Results 

Chl content: Leaf Chl content of BRS Pelota was significantly greater than BRS 

Firmeza at 85 DAS (flowering), decreasing gradually until 115 DAS (later grain filling 

stage). In BRS Firmeza, Chl content did not changed considerably until 100 DAS. 

However, from 100th to the 115th DAS there was a markedly reduction of Chl content in 

this cultivar (Fig. 1A). 
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Chl fluorescence parameters: Changes in the maximal efficiency of PS2 

photochemistry (Fv/Fm) and Fs/Fo ratio during the development of the rice cultivars 

differing in yield potential are shown in Figure 1B,C. Changes in Fv/Fm were less 

evident in BRS Firmeza along plant development. In BRS Pelota, a greater reduction in 

Fv/Fm was observed at 115 DAS (later grain filling stage). In both rice cultivars, the 

Fs/Fo values increased significantly along development (Fig. 1C). Fv’/Fm’, ΦPS2 and qP

decreased significantly after 100 DAS (early grain filing stage) in both cultivars (Fig. 

2). Fv’/Fm’ and ΦPS2 were lower in BRS Pelota at 115 DAS (Fig. 2A,B). On the other 

hand, qP was higher in BRS Pelota at 115 DAS (Fig. 2C). Differences in qN between 

cultivars were evident only at 85 DAS (data not show).

Relationship between Chl fluorescence and FS/FO: A positive correlation was 

obtained between Fv/Fm, Fv’/Fm’ and Fs/Fo in BRS Firmeza and BRS Pelota rice 

cultivars (Fig. 3A,B,C,D). In contrast, a negative correlation was observed between qN

and Fs/Fo for both cultivars (Fig. 3E,F). The correlation between qP and Fs/Fo was less 

clear (Fig. 3 G,H).

Discussion

The results of the present study showed a substantial decrease in the Chl content and 

photosynthetic capacity in flag leaves along development of rice plants differing in 

yield potential (Fig. 1 and 2). When plants entered the reproductive stage (85 DAS) the 

Chl level decreased markedly in BRS Pelota rice cultivar, but it was maintained 

remarkably constant in BRS Firmeza (Fig 1A), which was in accordance to the green 

appearance of the leaves. Thomas and Stoddart (1980) and Park et al. (2007) admitted 

that the changes in Chl level are usually considered a good index expressing leaf 

senescence. Thus, ours results indicate that leaf senescence in BRS Firmeza, a rice 

cultivar with low yield potential, was prolonged by at least 15 days under natural 
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conditions. BRS Firmeza rice cultivar is a stay green mutant rice, characterized by the 

persistence of the green colour of leaves for longer than BRS Pelota rice cultivar. Thus, 

BRS Firmeza can arise from delays in the initiation of senescence and its rate of 

progress (Rampino et al. 2006, Park et al. 2007). Likewise, the maximum PS2 

photochemical efficiency (Fv/Fm) showed little change in BRS Firmeza, suggesting that 

the maximum light absorption capacity of PS2 reaction center was unchanged in this 

rice cultivar with lower yield potential. Thus, BRS Firmeza appears to be more capable 

than BRS Pelota to maintain a continued efficient energy transfer and capture in the 

remaining PS2 apparatus. In BRS Pelota, the maximum PS2 photochemical efficiency 

values after 85 DAS were strongly correlated with Chl content (Fig.1). In the present 

study, we observed that the decline of Fv/Fm values were consistent to declined Chl 

content in BRS Pelota, indicating that main cause of its lower maximum PS2 

photochemical efficiency is its lower Chl level.

Another important parameter used in chlorophyll fluorescence studies is the 

Fs/Fo ratio, which can be used as a good indicator of photosynthetic capacity in plants 

(Flexas et al. 2002). Correlation analyses showed that Fs/Fo ratio should be positively 

correlated with CO2 assimilation, with electron transport rates calculated from 

fluorescence and with stomatal conductance in C3 species (Flexas et al. 2002). In this 

study, we used the values of Fs/Fo ratio to indicate the CO2 fixation capacity of BRS 

Firmeza and BRS Pelota. The increase of Fs/Fo for the two rice cultivars were directly 

proportional to the increase of Fv/Fm values at flowering and early grain filling stages 

(85 and 100 DAS, respectively) (Fig. 1B,C). Likewise, the drop in Fs/Fo at 100 DAS 

was consistent with a decrease in Fv/Fm. However, this decline in Fs/Fo values was 

higher in BRS Pelota than BRS Firmeza, indicating that a lower proportion of photons 



45

which were captured could be used for CO2 fixation in that cultivar presenting higher 

yield potential (Adams et al. 1990). 

We observed also a gradual declining in Fv’/Fm’, ΦPS2 and qP mainly after early 

grain development in both cultivars (100 DAS) (Fig. 2). Moreover, Fv’/Fm’ and ΦPS2 

values of BRS Pelota were substantially lower than those from BRS Firmeza at later 

grain development stage (115 DAS)  and the difference between them was significant 

(Fig. 2A,B). This result suggests that the PS2 apparatus in BRS Pelota rice cultivar (high 

grain yield potential) is less efficient in capturing the excitation energy during the later 

developmental stages. Additionally, a considerable decrease in Fv’/Fm’, but only a small 

decrease in Fv/Fm in flag leaves in BRS Firmeza rice cultivar suggests that the decreased 

Fv’/Fm’ could be associated with an increase in energy dissipation in the PS2 antennae 

(Lu et al. 2002). However, it appears that this energy dissipation did not occurs as heat 

loss, since increases in qN values during the later development of plants were not 

observed (data not show). Our finding that the maximal efficiency of PS2 

photochemistry (Fv/Fm) in the dark-adapted state showed little changes during the plant 

development in BRS Firmeza also indicates that the significant decrease in the effective 

quantum yield of photochemical energy conversion in PS2 (ΦPS2) under steady-steady 

photosynthesis is the result of down-regulation of PS2 in the light-adapted state. This 

down-regulation was associated with a decrease in the photon fraction absorbed by 

antenna pigment used by PS2 for photochemical electron transport (estimated from 

decreased qP) and a decrease in the efficiency of excitation energy capture by open PS2 

centers (Fv’/Fm’).

Photochemical quenching (qP) values were higher in BRS Pelota cultivar only 

during the later grain filling stage (115 DAS) (Fig. 2C). According to Jiao et al. (2003), 

qP indicates the photon fraction absorbed by antenna pigment used by PS2 for caused 
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photochemical electron transport. Thus, BRS Pelota rice cultivar should use more 

efficiently the energy absorbed by PS2 and convert this energy in photochemical effect 

at later grain development stage. On the other hand, the higher values of qN in BRS 

Pelota at vegetative stage indicates that this rice cultivar, with high yield potential, 

shows some excessive photon energy absorbed but not used for charge separation in 

PS2. Thus, this excessive photon energy was dissipated to protect the photosynthetic 

apparatus (Jiao et al. 2003). The drop of qN values between the early and later grain 

filling stages could indicate that there was greater efficiency of photon energy absorbed 

in both cultivars in the first stage. This could mean that greater electron flows are 

produced and transmitted to photosynthetic carbon metabolism as energy through a 

linear electron transmission chain (Jiao et al. 2003). 

A positive linear relationship was observed between Fs/Fo and both Fv’/Fm’ and 

Fv/Fm for both cultivars (Fig. 3A,B,C,D). However, this relationship was higher in BRS 

Pelota (r = 0.61 and 0.84 to Fv/Fm and Fv’/Fm’, respectively). On the other hand, a 

negative highly significant correlation was found between Fs/Fo and qN in both cultivars 

(Fig. 3E,F). The correlation coefficients between FS/FO and qN were - 0.96 and - 0.84 

for BRS Firmeza and BRS Pelota, respectively. Thus, a non-photochemical process, 

which is able to dissipate the excitation energy in excess, appears to be most efficient in 

BRS Firmeza than BRS Pelota, considering the correlation coefficient values for both 

cultivars. Although there was a certain decreasing trend of Fs/Fo with increasing qP in 

BRS Firmeza, the correlation between these two parameters was less clear (Fig. 3G,H). 

Thus, it appears that BRS Firmeza, a rice cultivar presenting low yield potential, shows 

less CO2 assimilation, in despite of its higher maximum photochemical efficiency of 

PS2. This conclusion is supported in reports by Flexas and co-workers (2002), which 

described that Fs/Fo can be an excellent indicator of CO2 assimilation. Finally, the 
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strong correlation coefficient observed between Fs/Fo and qN suggests that Fs/Fo level is 

most directly responsive to qN. 

Altogether, the low yield potential rice cultivar BRS Firmeza possesses some 

better parameters in Chl fluorescence than high yield potential rice cultivar BRS Pelota. 

Moreover, the results showed that the greater differences in Chl fluorescence 

parameters can be better registered at end of plant life cycle. Besides, the higher FV/FM

and Fs/Fo values were good indicatives of efficient energy transfer and capturing and the 

proportion of photons used for CO2 fixation in BRS Firmeza. The results of this study 

also allowed some inferences regarding the energy dissipation and down-regulation 

processes in the PS2 antennae showing that BRS Firmeza was able to efficiently 

regulate the photosynthetic apparatus in steady-state conditions.
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Fig. 1. Changes in chlorophyll content (A), in maximum efficiency of PS2 
photochemistry (Fv/Fm – B) and Fo/Fs ratio (C) in BRS Firmeza (●) and BRS Pelota (□) 
rice cultivars differing in yield potential during the plant development.  V – vegetative 
stage; F – flowering stage; GFe – early grain filling stage; GFl – later grain filling stage.
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Fig. 2. Changes in chlorophyll fluorescence parameters in light-adapted state in BRS 
Firmeza (●) and BRS Pelota (□) rice cultivars differing in yield potential during the 
plant development. V – vegetative stage; GFe – early grain filling stage; GFl – later 
grain filling stage.
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Abstract

With indica rice BRS Pelota (high yield) and tropical japônica rice BRS Firmeza (low yield) as 

materials, chlorophyll and carotenoid content, chlorophyll a/b ratio, Chl a fluorescence parameters and 

photosynthetic oxygen evolution were measured from the top to the bottom leaves (1st – 4th) at early and 

late developmental stages in greenhouse conditions. Chl and Car content, Chl a/b ratio, Fv/Fm, Fs/Fo, 

electron transport (ETR) and oxygen evolution (OER) rates decreased with depth of the canopy in both 

cultivars during both developmental stages. However, the drop of photosynthetic pigment content and 

PS2 photochemical efficiency was lower in BRS Firmeza when compared to BRS Pelota, indicating that 

BRS Firmeza rice cultivar was able to maintain a functional photosynthetic apparatus during whole plant 

development. In addition, Fv’/Fm’ values reduced in BRS Pelota with depth of the canopy during the late 

GF stage. In BRS Firmeza, Fv’/Fm’ increased slightly from the top to the bottom leaves, while it decreased 

significantly at late GF stage. The variation dynamics of photochemical quenching (qP) values were 

similar to that observed for ΦPS2 in both rice cultivars. All these results reflect the presence of stay green 

gene in tropical japônica rice BRS Firmeza, which is responsible for retarding leaf senescence. 

Keywords: PS2 photochemistry efficiency; Oxygen evolution rate; Photochemical quenching yield; Stay 

green
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Abbreviations: Chl – chlorophyll; Car – carotenoids; DAS – dark-adapted state; LAS – light-adapted 
state; PS2 – photosystem 2; Fo – minimum fluorescence yield in DAS; Fo’ – minimum Chl fluorescence 
yield in LAS; Fm – maximum Chl fluorescence yield in DAS; Fm’ – maximum Chl fluorescence yield in
LAS; Fv – variable chlorophyll fluorescence; Fv’ – maximum variable Chl fluorescence yield in LAS; Fs –
steady-state Chl fluorescence yield; Fv/Fm – maximal efficiency PS2 photochemistry measured in DAS; 
Fs/Fo – Fs normalized to Fo; Fv’/Fm’ – effective efficiency of  PS2 photochemistry measured in LAS; qP –
photochemical quenching of Chl fluorescence; ΦPS2 – effective quantum yield of photochemical energy 
conversion in PS2 in LAS; OER – oxygen evolution rate; ETR – electron transport rate through PS2;  
PPFD – photosynthetic photon flux density.
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1. Introduction

A normal event in the life cycle of plants is senescence [1]. It is a sequence of complex 

degenerative processes that are initiated at full maturity and ultimately lead to eventual leaf death [2-4]. 

The most remarkable events in leaf senescence are the loss of Chl and the disassembly of the 

photosynthetic apparatus, resulting in decreases of photosynthetic energy conversion capacity and 

efficiency. Also, there is a concurrent decline in chain electron transport for those components remaining 

in the leaf [5-7]. The decreased PS2 electron transport may be due to an inactivation of the oxygen 

evolution system and the PS2 reaction center complex as well as the inhibition of energy transfer from 

Car to Chl [8]. In addition, senescence also affects the composition of the antenna system of 

photosynthesis. According to Kura-Hotta et al. [9], the Chl a disappears more rapidly than Chl b during 

senescence, resulting in a decrease in the Chl a/b ratio.

Many studies relating the senescence of rice leaves have been reported [9-14]. Historically, 

research on biochemical changes that occur during leaf senescence has focused on loss of photosynthetic 

pigments, degradation of protein, and re-absorption of mineral nutrients [7]. Recently, reductions in PS2 

activity, expressed through the analyses of Chl fluorescence and electron transport chain have been 

examined during the senescence of leaves of different cultivars of super high-yielding hybrid rice [14-15]. 

However, most of these investigations to date have focused on senescence processes at single leaf levels. 

In this report, we address senescence with depth of canopy by investigation of changes in 

photosynthetic pigments and Chl a fluorescence parameters in all different leaves during the reproductive 

developmental stage of rice cultivars differing in yield potential. Chl a fluorescence has been shown to be 

a non-invasive and reliable method to assess the changes in the function of PS2 under different 

environmental conditions [16]. The use of this method to assess PS2 photochemistry during leaf 

senescence in cultivars with grain yield potential differences is important because it gives novel insights 

about the fundamental processes of energy absorption, utilization and dissipation of excess excitation 

energy by PS2 in cereal crop plants during senescence. Moreover, leaf senescence pattern is commonly 

variable with depth of canopy and differences in leaf senescence should exist among cultivars, and might 

contribute to the observed differences in grain yield.

In the present study, indica rice cultivar BRS Pelota and a tropical japônica rice cultivar BRS 

Firmeza, presenting high and low grain yields, respectively, were chosen as a model for senescence 

studies. Tropical Japônica rice BRS Firmeza presents a stay green phenotype and, thus, it has shown later 

senescence than indica rice BRS Pelota. The stay green trait may result from (1) a delay in the onset of 

leaf senescence, (2) a reduced rate of senescence associated deterioration once senescence starts, or (3) 

the inhibition of one of the partial process involved in Chl breakdown [17-18]. On the theorethical basis, 

the stay green trait may result in different impacts on grain yield, as result of delay in the onset of leaf 

senescence or by a lower photosynthetic decline rate, extending the assimilatory capacity of the canopy, 

which contribute to higher grain formation [18-19].



57

In this work we evaluated the photosynthetic pigment content, Chl a fluorescence, electron 

transport and oxygen evolution rates in two rice genotypes (indica cultivar BRS Pelota and  tropical 

japônica cultivar BRS Firmeza) differing in grain yield capacity. The analyses were made from the top to 

the bottom leaves during the early and late grain filling stages. 

2. Material and methods

2.1. Plant growth conditions 

Rice plants (Oryza sativa L.) from cultivars BRS Firmeza (tropical japônica) and BRS Pelota (indica) 

were grown to the ripening stage (about 4-5 months) in a greenhouse under natural light conditions. 

These cultivars were chosen because of their difference in grain yield potential (7.5 and 10 t ha-1 for BRS 

Firmeza and BRS Pelota, respectively). BRS Firmeza presents a stay green phenotype, characterized by 

an extended leaf green color period than BRS Pelota rice cultivar. A randomized complete design with ten 

replicates was used for each rice cultivar. Each replicate was constituted to one plastic pot (12 L) filled 

with soil fertilized according to official guidelines [20]. Twenty-five seeds were sown in each pot. In 

order to obtain uniform plants, the seedlings of each pot were thinned from 25 to 5 per pot after the 

appearance of the second leaf. Thereafter, a water depth of 3 to 5 cm was maintained until maturity. The 

experiment was carried out with the leaf samples collected from the plants during the early (100 days) and 

later (115 days) grain filling stages. The changes in photosynthetic pigment content, Chl fluorescence 

parameters and oxygen evolution rate in flag (referred as 1st leaf), second, third and fourth leaves were 

taken as a senescence index.

2.2. Photosynthetic pigments

Chl and Car were extracted with 80 % acetone [21] and determined in a spectrophotometer according to 

Lichtenthaler [22].

2.3. Chlorophyll fluorescence measurements

Chl a fluorescence was measured with a fluorescence monitoring system FMS2 (King’s Lynn, Norfolk, 

England) after the leaves were dark-adapted for 20 min. The minimal fluorescence level (Fo) with all PS2 

reaction centers open was determined by measuring modulated light, which was enough to avoid any 

significant variation in fluorescence. The maximal fluorescence level (Fm) with all PS2 reaction centers 

closed was determined by saturating pulse on dark-adapted leaves. Then, the leaf was continuously 

illuminated with a white actinic light. The steady-state value of fluorescence (Fs) was reached and a 

second saturating pulse was imposed to determine the maximal fluorescence level in the light-adapted 

state (Fm
’). The actinic light was then removed and the minimal fluorescence level in the light-adapted 

state (Fo
’) was determined by illuminating the leaf with far-red light.

 Using both light and dark-adapted state fluorescence parameters, were calculated: (a) the 

maximal efficiency of PS2 photochemistry in the dark-adapted state (Fv/Fm), (b) the photochemical 

quenching coefficient qP = (Fm’ – Fs)/(Fm’ – Fo’), (c) the effective efficiency of PS2 photochemistry (Fv
’ –

Fm
’), (d) the actual quantum yield of PS2 electron transport in the light-adapted state, ΦPS2 = (Fm’ – Fs)/ 

Fm’ [23]. Electron transfer rate through PS2 (ETR) was calculated from the fluorescence data according to 
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the formula from Krall and Edwards [24]: ETR = ΦPS2 x 0.85 x 0.5 x PPFD, where 0.85 represents the 

estimated proportion of incident photons absorbed by leaf (usually 80 %), 0.5 indicates an estimated 

value of the distribution proportion of energy in PS2 (usually 50 % in C3 plants) and PPFD indicates the 

photosynthetic photon flux density. 

2.4. Photosynthetic rate 

The photosynthetic rate (maximum oxygen evolution rate) was determined using a gas-phase 

oxygen electrode (Hansatech, King’s Lynn, UK). A piece of about 3 cm2 was cut from the center of the 

leaf blade. Photosynthetic measurements were conducted under the following conditions: air temperature 

of 30 ºC and irradiation at 2000 μmol (photon) m-2 s-1. The CO2 was supplied as molar solution of sodium 

bicarbonate. The photosynthetic rate was calculated when the evolution oxygen curve reached the 

stability and expressed in μmol (O2) m
-2 s-1.

3. Results and discussion

In this study, we investigated the changes in photosynthetic characteristics with depth of canopy 

in indica rice BRS Pelota and tropical japônica rice BRS Firmeza, differing in grain yield, during early 

and late GF stages. Photosynthetic pigments, Chl fluorescence parameters and photosynthetic rate of 1st –

4th leaves in both rice cultivars during the early and late GF stages are shown in Fig. 1 and Table 1. The 

total Chl content, Chl a/b ratio and carotenoids of leaves decreased during senescence with the depth of 

the canopy in both rice cultivars and stages, except for 2nd leaf of BRS Firmeza during the late GF stage, 

which showed a higher photosynthetic pigment content than flag leaf (Fig. 1D). These results indicate 

that the senescence of rice leaves may not be a simple function of leaf age as indicated by Biswas et al. 

[10]. Thus, the highest photosynthetic pigment content of the 2nd leaf in BRS Firmeza appears to be an 

intrinsic characteristic of that rice cultivar, indicating that leaf senescence is primarily under genetic 

control [12,25]. BRS Firmeza shows a stay green phenotype, characterized by an extended leaf green 

color period [26]. Thus, BRS Firmeza can arise from delays in the initiation of senescence and its rate of 

progress as previously indicated by Rampino and co-workers [19]. In our previous study, we observed 

that the timing of decrease in the Chl content of the flag leaf indicated that the senescence process in BRS 

Firmeza was delayed in at least 2 weeks when compared to indica rice BRS Pelota (data not show). Thus, 

although the loss of Chl and the concurrent yellowing of the leaves are convenient and distinctive 

indicators of leaf senescence, that phenotype can be uncoupled from functional leaf senescence. The stay 

green phenotype used in this report has not yet been physiologically characterized as functional stay 

green. These studies should show that the induction of senescence is paralleled by Chl breakdown which 

is delayed in those phenotypes.

The well-known phenomenon of leaf senescence is the loss of Chl content. According to 

Wiedemuth et al. [27] Chl content is a widely used parameter for the degradation of the photosynthetic 

apparatus in leaves during senescence. As shown in Fig. 1, the Chl a/b ratio decreased slightly with depth 

of canopy for both cultivars during the early GF stage. But during the late GF stage, the changes in Chl 
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a/b ratio were most significant (Fig. 1B and D). These alterations in Chl a/b ratio indicate that there are 

differential changes in the photosynthetic pigment stoichiometry during the plant late senescence between 

indica rice BRS Pelota and tropical japônica rice BRS Firmeza. It is assumed that the conversion of Chl 

b to Chl a represents a critical factor for changes in Chl a/b ratio [7]. Gossauer and Engel [28] stated that 

the conversion of Chl b to Chl a should precede Chl degradation in higher plants. Thus, the differences in 

Chl a/b ratio observed between BRS Pelota and BRS Firmeza rice cultivars should be reflecting genetic 

differences associated to that conversion capacity relative to each rice cultivar resulting from the presence 

of stay green genes in BRS Firmeza rice cultivar.

The decline of photosynthetic pigment content was consistent with a loss of maximal 

photochemical efficiency of PS2 (Fv/Fm) especially in indica rice BRS Pelota in both stages (Fig. 1 and 

Table 1). Fv/Fm values were similar between 1st (flag leaf) and 2nd leaves during the early and late GF 

stages, but it decreased markedly in 3rd and 4th leaves (Table 1). If taking into account the Fv/Fo ratio 

values, those differences between leaves can be better visualized. Thus, it is also possible to see some, 

although non-significant (Table 1), loss of maximal photochemical activity in tropical japônica rice BRS 

Firmeza during both developmental stages (Fig 1). This result reflects the presence of stay green gene(s) 

in BRS Firmeza causing the persistence of leaf green color, retarding the decrease of photosynthetic light 

reactions and extending the assimilatory capacity of the canopy. Our results indicate that the maximal 

efficiency of PS2 photochemistry showed a lower change with depth of canopy in BRS Firmeza. 

Therefore, the PS2 apparatus remains functional for longer periods in senescent leaves of the rice cultivar 

characterized by a stay green phenotype. In other words, BRS Firmeza is able to maintain a continued 

efficient energy transfer and capture in the remaining PS2 apparatus.

We also observed a declined Fv’/Fm’ values in indica rice BRS Pelota with depth of the canopy. 

This decrease in Fv’/Fm’ was higher during the late GF stage, which reduced from 0.45 in the 1st leaves 

to 0.32 in the 3rd leaves (Table 1). In contrast, Fv’/Fm’ was slightly higher with depth of the canopy in 

BRS Firmeza during the early GF, which reached 0.66 in the flag leaf and 0.68 in the fourth leaf (Table 

1). However, these results were completely reversed when plants reached late GF (Fig. 1C and D, Table 

1). Thus, in BRS Firmeza plants, the GF process resulted in an effective photochemical efficiency 

decreased with depth of canopy.  Fv’/Fm’ express the effective efficiency of PS2 photochemistry measured 

in light-adapted samples [29]. Thus, the earlier loss of effective photochemical efficiency should be a 

good indicator of senescence in BRS Pelota plants, showing that the rice cultivar with higher grain yield 

capacity senesces before the one with lower grain yield. Concerning the physiological significance of the 

senescence and its relationship with assimilate partitioning in plants, these results suggest that the higher 

productivity of BRS Pelota rice cultivar results from its higher assimilate mobilization ability, in despite 

of its lower light absorption capacity. These results are supported by that lowest Chl content and Fv/Fm

values obtained in BRS Pelota in both developmental stages, which were strongly reduced with depth of 

canopy (Table 1).

In addition, note that the decline in Fv’/Fm’ approximately paralleled the decrease in effective 

quantum yield of photochemical energy conversion in PS2 (ФPS2) in tropical japônica BRS Pelota rice 

(Fig. 1a-b). In BRS Firmeza, however, we observed highly contrasting results (Fig. 1c-d). While no 

variation was observed between ФPS2 and Fv’/Fm’ at early GF stage, ФPS2 values increased with the depth 
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of the canopy. Analogously, the variation dynamics of photochemical quenching (qP) values were similar 

to that observed to ФPS2 (Fig. 1C and D). qP indicates the photon fraction absorbed by antenna pigment 

used by PS2 or photochemical electron transport energy [15]. Thus, as showed in Fig. 1d, BRS Firmeza 

rice cultivar should use more efficiently the energy absorbed by PS2 and convert this energy to a 

photochemical effect at late grain development stage. The results of qP in BRS Pelota were less clear than 

BRS Firmeza. Furthermore, the electron transport rate through PS2 strongly decreased from upper to the 

lower leaves in both rice cultivars during both developmental stages (Fig. 1). The gradually decreasing 

changes in ETR were consistent with the changes in Fv/Fm and Chl levels during the plant senescence.

Rates of photosynthetic oxygen evolution (OER) determined on the basis of leaf area changed 

with depth of canopy in both rice cultivars (Fig. 1). The higher decreases occurred in the lower leaves, at 

least during the late GF stage. Although some variation has been observed in OER between leaves, those 

differences were not statistically significant (p≤0.05) (Table 1). These results were consistent with those 

obtained by Kura-Hotta et al. [9], which showed that OER remained fairly constant among leaves at 

different positions. Recently, again no differences were observed in OER between 1st and 2nd leaves in 

both IR58025a and IR58025B normal and fertility rice lines during the flowering and later grain filling 

stages [30]. However, opposite results had been observed previously in rice plants. Yamazaki et al. [12] 

reported that the OER decreased with the depth of the canopy except for the 2nd leaves, which showed an 

OER similar to that of the 1st leaves (flag leaves). That result was consistent to increase in Chl levels, 

which were higher in the 5th leaves, and then decreased from the top to the bottom leaves. Thus, the OER 

appears to be closely related to Chl content, at least during the first week of plant development. 

Although conventional plant breeding continues to produce new varieties with increased yield, 

the magnitude of these increases is falling indicating that a plateau is being reached with the major yield 

limiting factor being grain number [19]. The exploitation of stay green phenotypes of the type described 

here should potentially increase yields above this plateau, through a decrease in the of photosynthetic 

decline rate and an extension of the assimilatory capacity of the plant canopy.  Further studies will be 

required to determine whether the stay green phenotype has impacts on seed size, seed number or both of 

these major yield determinants.

In summary, the results in this study have shown that PS2 apparatus remains more functional in 

senescent leaves of tropical japônica BRS Firmeza with depth of canopy than that of indica BRS Pelota 

rice plants. Thus, the presence of stay green gene in BRS Firmeza retarded leaf senescence. In addition, 

the earlier loss of photochemical efficiency (Fv/Fm and Fv’/Fm’) constituted a good indicator of senescence 

in BRS Pelota, indicating that other physiological process are most responsible by its higher productivity. 

Acknowledgments The authors thank to MCT/CNPq - Conselho Nacional de Desenvolvimento 

Científico e Tecnológico, Brazil and FAPERGS - Fundação de Amparo à Pesquisa do Estado do Rio 

Grande do Sul, Brazil – for financial support.

References

[1] L. Borrás, G.A. Maddonni, M.E.Otegui, Leaf senescence in maize hybrids: plant population, row 

spacing and kernel set effects, Field Crops Res 82 (2003) 13-26.



61

[2] P.J. Camp, S.C. Huber, J.J. Burke, D.E. Moreland, Biochemical changes that occur during senescence 

of wheat leaves, Plant Physiol 70 (1982) 1641-1646.

[3] H. Thomas, H.J. Ougham, C. Wagstaff, A.D. Stead, Defining senescence and death, J. Exp. Bot. 54 

(2003)  1127-1132.

 [4] Y. Tang, X. Wen, C. Lu, Differential changes in degradation of chlorophyll-protein complexes of 

photosystem I and photosystem II during flag leaf senescence of rice, Plant Physiol Bioch 43 (2005) 193-

201.

[5] W.W. Adams, K. Winter, U. Schreiber, P. Schramel, Photosynthesis and chlorophyll fluorescence 

characteristics in relationship to changes in pigments and element composition of leaves of Platanus 

accidentalis L. during autumnal leaf senescence, Plant Physiol 93 (1990) 1184-1191.

[ 6] X.-Y. Weng, H.-X. Xu, D.-A. Jiang, Characteristics of gas exchange, chlorophyll fluorescence and 

expression of key enzymes in photosynthesis during leaf senescence in rice plants, J Integr Plant  Biol 47 

(2005) 560-566.

[7] C.J. Zhang, G.X. Chen, X.X. Gao, C.J. Chu, Photosynthetic decline in flag leaves of two field-grown 

spring wheat cultivars with different senescence properties, S African J Sci  72 (2006) 15-23.

[8] Q. Lu, C. Lu, J. Zhang, T. Kuang, Photosynthesis and chlorophyll a fluorescence during flag leaf 

senescence of field-grown wheat plants, J Plant Physiol 159 (2002) 1173-1178.

[9] M. Kura-Hota, K. Satoh, S. Katoh, Relationship between photosynthesis and chlorophyll content 

during leaf senescence of rice seedlings, Plant Cell Physiol 28 (1987) 1321-1329.

[10] A.K. Biswas, M.A. Choudhuri, Mechanism of monocarpic senescence in rice, Plant Physiol 65 

(1980) 340-345.

[11] J. Hidema, A. Makino, T. Mae, K. Ojima, Photosynthetic characteristics of rice leaves aged under 

different irradiances from full expansion through senescence, Plant Physiol 97 (1991) 1287-1293.

[12] J.-Y. Yamazaki, Y. Kamimura, M. Okada, Y. Sugimura, Changes in photosynthetic characteristics 

and photosystem stoichiometries in the lower leaves in rice seedlings, Plant Sc 148 (1999) 155-163.

[13] Y. Tang, X. Wen, C. Lu, Differential changes in degradation of chlorophyll-protein complexes of 

photosystem I and photosystem II during flag leaf senescence of rice, Plant Physiol Bioch 43 (2005) 193-

201.

[14] X.-Y. Weng, H.-X. Xu, D.-A. Jiang, Characteristics of gas exchange, chlorophyll fluorescence and 

expression of key enzymes in photosynthesis during leaf senescence in rice plants, J Integr Plant Biol 47 

(2005) 560-566.

[15] D. Jiao, B. Ji, X. Li, Characteristics of chlorophyll fluorescence and membrane-lipid peroxidation 

during senescence of flag leaf in different cultivars of rice, Photosynthetica 41 (2003) 33-41.

[16] G.H. Krause, E. Weis, Chlorophyll fluorescence and photosynthesis: the basics, Annu Rev Plant 

Physiol Mol Biol 42 (1991) 313-349.

[17] H. Thomas, C.J. Howarth, Five ways to stay green, J. Exp. Bot. 51 (2000) 329-337.

[18] V.M. Luquez, J.J. Guiamét, Effects of the “stay green” genotype GGd1d2d2 on leaf gas exchange, 

dry matter accumulation and seed yield in soybean (Glycine max L. Merr.), Ann Bot 87 (2001) 313-318.



62

 [19] P. Rampino, G. Spano, S. Pataleo, G. Mita, J.A. Napier, N. Di Fonzo, P.R. Shewry, C. Perrotta, 

Molecular analysis of a durum wheat “stay green” mutant: Expression pattern of photosynthesis-related 

genes, J Cereal Sci 43 (2006) 160-168.

[20] Sociedade Sul-Brasileira de Arroz Irrigado (SOSBAI). Arroz irrigado: recomendações técnicas da 

pesquisa para o Sul do Brasil. Pelotas, RS: SOSBAI, 2007. 164p.  

 [21] D.I. Arnon, Copper enzymes in isolated chloroplast. Polyphenoxidase in Beta vulgris, Plant Physiol 

24(1949) 1-15.

[22] H.K. Lichtenthaler, Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes, 

Methods in Enzymology 148 (1987) 350-382.

[23] B. Genty, J.M. Briantais, N.R. Baker, The relationship between the quantum yield of the 

photosynthetic electron transport and quenching of chlorophyll fluorescence, Biochim Biophys Acta 990 

(1989) 87-92.

[24] J.P. Krall, G.E. Edward, Relationship between photosystem II activity and CO2 fixation in leaves, 

Physiol Plant 86 (1992) 180-187.

[25] K. Okada, Two long term effects of light that control the stability of proteins related to 

photosynthesis during senescence of rice leaves, Plant Cell Physiol 39 (1998) 394-404.

[26] A.M. Magalhães Jr, A.S. Gomes, Arroz irrigado: melhoramento genético, manejo do solo e da água e 

prognóstico climático. Embrapa Clima Temperado (2003)13-33, Documento 113.

[27] K. Wiedemuth, J. Muller, A. Kahlau, S. Amme, H.-P. Mock, A. Grzam, R. Hell, K. Egle, H. 

Beschow, K. Humbeck, Successive maturation and senescence of individual leaves during barley whole 

plant ontogeny reveals temporal and spatial regulation of photosynthetic function in conjunction with C 

and N metabolism, J Plant Physiol 162 (2005) 1226-1236.

[28] A. Gossauer, N. Engel, New trends in photobiology: chlorophyll catabolism-structures, mechanisms, 

conversions, J Photoch Photobiol B 32 (1996) 141-151.

 [29] K. Roháĉek, Chlorophyll fluorescence parameters: the definitions, photosynthetic meaning, and 

mutual relationships, Photosynthetica 40 (2002) 13-29.

[30] M.A. Bacarin, A.R. Falqueto, J.L.M. Coimbra, A.C. Oliveira, A.M. Magalhães Jr, Oxygen evolution 

rate of rice cultivars, Photosynthetica 46 (2008), 148-150.



63

Fig.1. Photosynthetic pigment contents, Chl fluorescence parameters, electron transport rate through PS2 

and oxygen evolution rate in rice leaves with depth of canopy of indica BRS Pelota (a-b) and tropical 

japônica BRS Firmeza (c-d) rice cultivar differing in yield potential at early (a and c) and later (b and d) 

grain filling stage. All values are expressed relative to the values of the first leaf (flag leaf), which was 

referred as a control (control reference = 1) (n=5)
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Table 1. Chl content (µmol g-1FM), of maximal photochemical efficiency of PS2 (Fv/Fm), effective 

photochemical efficiency of PS2 (Fv’/Fm’) and oxygen evolution rate (OER - µmol m-2 s-1) in rice leaves 

with depth of canopy of BRS Pelota and BRS Firmeza rice cultivar differing in yield potential at early and 

later grain filling stage. (n=5)

BRS Pelota BRS Firmeza
Parameters

Leaf 
position GF1 GF2 GF1 GF2

1st 3.29 a 2.16 a 3.13 a 1.76

Total Chl 2nd 2.18 b 1.96 a 2.60 ab 1.49

(µmol g-1 FM) 3rd 1.91 b 0.54 b 2.59 ab 1.05

4th 0.74 b - 1.99 b 1.23

1st 0.838 a 0.835 a 0.847 0.838 

2nd 0.836 a 0.797 a 0.847 0.831

3rd 0.800 ab 0.678 b 0.829 0.817
Fv/Fm

4th 0.749 b - 0.825 0.828

1st 0.714 0.450 0.664 0.602 a

2nd 0.698 0.422 0.685 0.495 b

3rd 0.601 0.326 0.709 0.538 ab
Fv'/Fm'

4th 0.635 - 0.684 0.477 b

1st 28.90 33.7 37.90 34.8

2nd 24.90 29.9 29,07 28.3 

3rd 26.30 28.8 35.10 27.4 

OER 
[µmol m-2 s-1]

4th 31.07 - 31.20 22.9 
(-) leaves fully senescent
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CRESCIMENTO E PARTIÇÃO DE ASSIMILADOS EM CULTIVARES DE 

ARROZ (Oryza sativa L.) DIFERINDO NO POTENCIAL DE PRODUÇÃO DE 

GRÃOS

ANTELMO RALPH FALQUETO1, DANIELA CASSOL1, ARIANO MARTINS DE 
MAGALHÃES JÚNIOR2, ANTÔNIO COSTA DE OLIVEIRA3, MARCOS ANTONIO 

BACARIN1

RESUMO

Foram estudados o crescimento, a partição de assimilados e a produção de grãos nas 

cultivares de arroz BRS Pelota (maior produtividade) e BRS Firmeza (menor 

produtividade). O experimento foi conduzido em casa de vegetação (Departamento de 

Botânica – Universidade Federal de Pelotas), com delineamento experimental 

inteiramente casualizado, com duas cultivares, nove coletas e quatro repetições. A 

cultivar BRS Pelota apresentou maior acúmulo de matéria seca total (Wt), 

principalmente ao final do ciclo, bem como maior área foliar (Af). A matéria seca 

alocada para o colmo + bainha e às panículas também foi maior em BRS Pelota. Porém, 

a porcentagem de Wt destinada às panículas aos 125 DAE foi semelhante entre as 

cultivares. Em BRS Firmeza, o aumento em Wt nas raízes pode ter influenciado o 

direcionamento de fotoassimilados para os grãos e contribuído para o atraso na 

senescência das plantas. A produtividade de BRS Pelota foi maior que a de BRS 
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(1) Laboratório de Metabolismo Vegetal, Departamento de Botânica, Instituto de Biologia, Universidade 
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Abreviações: DAE – dias após a emergência; Wt - matéria seca total; Ct - taxa de produção de matéria 
seca da parte aérea; Rw - taxa de crescimento relativo da parte aérea; Af - área foliar das lâminas verdes; 
Ra - taxa de crescimento relativo da área foliar; Ca - taxa de produção de área foliar; Ea - taxa assimilatória 
líquida; Fa - razão de área foliar; Fw - razão de peso foliar; Sa - área foliar específica.
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Firmeza (17,4 contra 11,8 g vaso-2) e o seu número de panículas foi três vezes superior

em relação à cultivar BRS Firmeza. O componente de produção de maior expressão no 

rendimento foi o número de panículas. A maior produtividade da cultivar BRS Pelota 

pode estar relacionada à maior área foliar e sua duração, o que permite o fornecimento 

de elevada quantidade de fotoassimilados por um período maior. 

Palavras-chave: matéria seca, análise de crescimento, área foliar, BRS Firmeza, BRS 

Pelota.

GROWTH AND ASSIMILATES PARTITIONING IN RICE CULTIVARS (Oryza 

sativa L.) DIFERING IN GRAIN YIELD POTENTIAL

ABSTRACT

The growth, assimilate partitioning and grain yield in BRS Pelota (higher yield) and 

BRS Firmeza (lower yield) rice cultivars were evaluated. The experiment was 

conducted in greenhouse (Department of Botany, Federal University of Pelotas) with 

entirely randomized design composed by two cultivars, nine plant sampling time and 

four replicates. BRS Pelota rice cultivar presented higher total dry matter accumulated 

(Wt), mainly to end of life cicle, as well a higher leaf area (Af). The dry matter allocated 

toward culm + sheath and panicles was higher in BRS Pelota. However, the Wt

percentage accumulated in panicles at 125 DAE was equal between cultivars. In BRS 

Firmeza, the increase in Wt in the roots should had been influenced the photoassimilates 

partitioning toward grains and contributed to the lacking in plant senescence. The grain 

yield of BRS Pelota was higher than BRS Firmeza (17.4 versus 11.8 g vaso-2), and their 

panicle number was three times greater in relation to BRS Firmeza. The yield 
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component which presented higher relevance for productivity was the panicle number. 

The higher grain yield of BRS Pelota could be related to higher leaf area and their leaf 

area duration, which permits the providing of elevated quantity of photoassimilates by 

higher period time. 

Key words: Dry matter, growing analysis, leaf area, BRS Firmeza, BRS Pelota.

1. INTRODUÇÃO

A análise de crescimento é um método que descreve as mudanças na produção 

vegetal em função do tempo, e propõe-se a acompanhar a dinâmica da produção 

fotossintética avaliada por meio do acúmulo de matéria seca, o que não é possível com 

o simples registro do rendimento (RODRIGUES et al., 1993; URCHEI et al., 2000). Ela 

constitui um dos primeiros passos na análise da produção primária de uma cultura 

(KVET et al., 1971). PEREIRA e MACHADO (1987) afirmam que a análise de 

crescimento representa a referência inicial na avaliação de produção das espécies 

vegetais, requerendo informações que podem ser obtidas sem a necessidade de 

equipamentos sofisticados. Tais informações são a quantidade de material contido na 

planta toda e em suas partes (folhas, caules, raízes e grãos) e o tamanho do aparelho 

fotossintetizante (área foliar), obtidos em intervalos de tempo regulares durante o 

desenvolvimento fenológico da planta (URCHEI et al., 2000). Neste contexto, a análise 

do crescimento pode ser utilizada para avaliar: adaptação ecológica das plantas a novos 

ambientes, competição interespecífica, efeitos de sistemas de manejo, modificação do 

regime de irradiância, tratamento com elicitores e fungicidas, além de permitir uma 
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avaliação da capacidade produtiva de diferentes genótipos (SANTOS e COSTA, 1995; 

BACARIN et al., 1997; FRANÇA et al., 1999; ANTONIAZZI e DESCHAMPS, 2006).

Recentemente, a produtividade contrastante observada entre diferentes genótipos 

de arroz tem sido justificada por meio das diferenças na dinâmica da distribuição de 

assimilados entre órgãos durante o crescimento e o desenvolvimento das plantas 

(NTANOS e KOUTROUBAS, 2002). Essa distribuição de fotoassimilados entre órgãos 

pode ser alterada durante o enchimento dos grãos e limitações no ganho de biomassa 

podem ocorrer em um dado momento do desenvolvimento da planta (CRUZ-AGUADO 

et al., 2001). Em arroz, o padrão de distribuição de matéria seca ao longo do período de 

desenvolvimento das plantas foi descrito por SANTOS e COSTA (1995), FRANÇA et 

al. (1999) e NTANOS e KOUTROUBAS (2002). Os resultados obtidos nestes estudos 

mostraram que a produção de matéria seca e a translocação de fotoassimilados 

contribuíram significativamente para o desenvolvimento dos grãos em diferentes 

cultivares. Além disso, variações nestes parâmetros de translocação foram muito 

evidentes entre plantas pertencentes às subespécies índica e japônica, revelando maior 

produção de matéria seca e maior mobilização dos fotoassimilados em cultivares 

caracteristicamente de ciclo longo (NTANOS e KOUTROUBAS, 2002).

O objetivo deste trabalho foi estudar, comparativamente, características de 

crescimento e de partição de assimilados em cultivares de arroz (BRS Pelota e BRS 

Firmeza) com produtividade contrastante.

2. MATERIAL E MÉTODOS

Foram estudadas duas cultivares de arroz, BRS Pelota (indica) e BRS Firmeza 

(japônica tropical), com distinta capacidade de produção de grãos. BRS Pelota é uma 

cultivar originária de plantas selecionadas de uma população heterogênea da cultivar 
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gaúcha BR-IRGA 410. Apresenta uma alta capacidade de perfilhamento e alto potencial 

produtivo (10 t ha-1). A cultivar BRS Firmeza é originária de cruzamento múltiplo 

realizado na Embrapa Clima Temperado, Pelotas-RS, pertencente ao grupo de plantas 

moderno/americano. Com pouca capacidade de perfilhamento, é caracterizada também 

por apresentar o fenótipo stay green e produtividade próxima de 7,5 t ha-1

(MAGALHÃES JR. et al., 2003).

O experimento foi instalado em casa de vegetação (Departamento de Botânica 

da Universidade Federal de Pelotas, Pelotas-RS), onde a temperatura média do ar foi, 

em média, de 30 °C, densidade de radiação fotossinteticamente ativa, medida às 9h, 

igual a 460 µmol m-2 s-1 e regime de irrigação controlado. Vinte e cinco sementes de 

cada cultivar foram semeadas em vasos plásticos com capacidade para 12 litros, 

preenchidos com solo fertilizado de acordo com as normas técnicas para o cultivo do 

arroz no Estado do Rio Grande do Sul (SOSBAI, 2007). Após a emergência das plantas, 

quando 50% das plântulas apresentavam o coleóptilo exposto acima do solo, realizou-se 

um desbaste, permanecendo uma planta por vaso. O delineamento experimental 

utilizado foi o inteiramente ao acaso, com duas cultivares, nove coletas e quatro 

repetições.

As amostragens iniciaram-se ao 14° DAE, correspondente, de acordo com a 

escala de COUNCE et al. (2000), ao estádio de crescimento V2-V3 e foram repetidas em 

intervalos regulares de 14 dias até o final do ciclo (R8). As amostragens consistiram na 

determinação da área foliar e matéria seca de cada parte da planta. Em cada coleta, as 

plantas foram separadas em parte aérea (lâminas foliares verdes, lâminas foliares 

senescentes, colmo mais bainha e panículas) e raiz. 

A área foliar das lâminas verdes (Af) foi estimada utilizando-se um medidor de 

área foliar marca LICOR (Modelo Li-3100). Para a determinação da matéria seca, as 
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amostras de raiz, colmo mais bainha, lâminas foliares verdes, lâminas foliares 

senescentes e panículas foram acondicionadas em sacos de papel e levadas à estufa à 

temperatura de 70°C, onde foram mantidas por 72 horas. 

Os dados primários de matéria seca total (Wt) foram ajustados pela equação 

logística Wt = Wm . (1 + B e-Ct)-1, sendo Wt a variável dependente; Wm a estimativa 

assintótica do crescimento máximo; B e C as constantes de ajustamento; e a base natural 

de logarítimo neperiano e t o tempo após a emergência, em dias (RICHARDS, 1969). 

Para os valores primários de área foliar, o ajuste das equações foi realizado 

empregando-se polinômios ortogonais, elegendo-se o polinômio que melhor se ajustasse 

aos valores observados de Af (RICHARDS, 1969). Os valores instantâneos da taxa de 

produção de matéria seca da parte aérea (Ct) e da taxa de produção de área foliar (Ca) 

foram determinados por meio da derivada da equação ajustada da matéria seca e da área 

foliar, em relação ao tempo, respectivamente (RADFORD, 1967; RICHARDS, 1969).  

Os valores instantâneos da taxa de crescimento relativo da parte aérea (Rw) e da taxa de 

crescimento relativo da área foliar (Ra) foram obtidos pelas fórmulas Rw = Ct . Wt
-1 e Ra

= Ca . Af
-1. A estimativa dos valores instantâneos da taxa assimilatória líquida (Ea) foi 

feita utilizando-se os valores de Ct e Af, através da equação Ea = Ct . Af
-1. A razão de 

área foliar (Fa), a razão de peso foliar (Fw) e a área foliar específica (Sa) foram 

determinadas a partir dos valores instantâneos de Af, Wt e Wf (matéria seca das folhas), 

empregando-se as equações Fa = Af . Wt
-1, Fw = Wf . Wt

-1 e Sa = Af . Wf
-1, de acordo 

com RADFORD (1967).

Ao término do experimento (125 DAE) foram determinados a produção de 

grãos, o peso de mil grãos e o número de panículas por planta para cada cultivar. Estes 

resultados obtidos foram submetidos à análise de variância (ANOVA), e quando os 
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valores de F foram significativos, realizou-se um teste de médias Tukey em nível de 5% 

de probabilidade.

3. RESULTADOS E DISCUSSÃO

O acúmulo de matéria seca total (Wt) em relação às mudanças ontogenéticas 

mostrou que as diferenças entre as cultivares aumentaram ao longo do ciclo de 

desenvolvimento das plantas e apresentou um comportamento logístico para ambas as 

cultivares (Figura 1a). BRS Pelota e BRS Firmeza mostraram um crescimento lento na 

fase inicial do desenvolvimento (até aproximadamente 42 DAE - estádios V7-V8), 

seguida por uma fase de rápido crescimento até 83 DAE (R3-R4) em BRS Firmeza e 97 

DAE em BRS Pelota (R5-R6) (Figura 1a). Essas variações na produção biológica entre 

as cultivares certamente refletem a duração do ciclo de desenvolvimento das plantas, 

como observado por SANTOS e COSTA (1995) em plantas de arroz de sequeiro cv. 

Araguaia e Guarani, de ciclos médio e precoce, respectivamente. Até os 83 DAE, as 

diferenças no acúmulo de matéria seca total entre BRS Pelota e BRS Firmeza foram 

praticamente inexistentes. A partir desse período, as diferenças em Wt entre as 

cultivares passaram a ser maiores, tornando-se muito evidentes ao final do ciclo (125 

DAE).

A taxa de produção de matéria seca (Ct) (Figura 1b) avalia o crescimento do 

vegetal relacionando a quantidade de material orgânico acumulado graças à área de solo 

disponível por unidade de tempo (SANTOS e COSTA, 1995). Neste sentido, diferenças 

distintivas entre as cultivares estudadas com relação à Ct foram: a) o tempo em que 

cultivares atingiram o ponto máximo de Ct, o qual, para BRS Pelota, foi prolongado por 

15 dias em relação à cv BRS Firmeza e b) o valor máximo Ct, cujo valor foi superior 
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para a cv. BRS Pelota. Se, por um lado, a taxa máxima de produção de matéria seca 

ocorreu aos 70 DAE em BRS Firmeza, como reflexo do seu ciclo de desenvolvimento 

curto, por outro, a maior produção de perfilhos, característica morfológica distintiva em 

BRS Pelota, pode fornecer uma justificativa plausível para o seu valor máximo superior 

de Ct. 

A taxa de crescimento relativo da parte aérea (Rw), expressão do incremento de 

massa seca em relação à biomassa preexistente, apresentou um declínio sistemático no 

acúmulo de matéria seca em ambas as cultivares ao longo do desenvolvimento 

fenológico das plantas (Figura 1c). Porém, até 56 DAE, foram observados maiores 

valores de Rw na cultivar BRS Pelota, indicativo de maior eficiência de conversão de 

matéria seca nesta cultivar. Este resultado, entretanto, foi completamente revertido a 

partir desse período de desenvolvimento até aproximadamente 110 DAE (Figura 1c). 

Reduções em Rw foram também observadas ao longo do desenvolvimento de plantas 

sorgo (BACARIN et al., 1997), feijão (URCHEI et al., 2000) e de cevada

(ANTONIAZZI e DESCHAMPS, 2006). Reduções em Rw são geralmente associadas ao 

acúmulo contínuo de matéria seca no decorrer do desenvolvimento e pelo declínio da 

capacidade relativa das plantas em produzir nova biomassa (ANTONIAZZI e 

DESCHAMPS, 2006). Prováveis elevações na atividade respiratória ao longo do 

desenvolvimento fenológico, bem como o auto-sombreamento, cuja importância 

aumenta com a idade da planta, têm sido apontadas também como causas da redução 

nos valores de Rw (URCHEI et al., 2000). Além disso, na fase final do ciclo de 

desenvolvimento das plantas, o crescimento torna-se negativo em função da morte de 

folhas e gemas e aumento gradual de tecido não-assimilatório (MILTHORPE e 

MOORBY, 1974). 
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Por conseguinte, ambas as cultivares atingiram área foliar (Af) máxima aos 97 

dias após a emergência. Porém, uma área fotossinteticamente ativa superior foi obtida 

na cultivar BRS Pelota (Figura 1d). Após esta fase observou-se uma redução em Af em 

ambas as cultivares, reflexo do estádio de desenvolvimento das plantas, uma vez que, a 

partir dos 97 DAE as plantas encontravam-se no estádio inicial de enchimento dos grãos 

(grãos em estado leitoso, ou R5-R6) e, assim, as folhas mais velhas estavam em processo 

de senescência. Nas cultivares de cevada BRS 195 e BRS 225, de ciclos longo e curto, 

respectivamente, ANTONIAZZI e DESCHAMPS (2006) observaram valores de Af

máximos aos 70 DAE, período coincidente ao estádio de emborrachamento das plantas.

A taxa de produção de área foliar (Ca), a qual revela a velocidade de crescimento 

das folhas ao longo do ciclo de desenvolvimento da planta, atingiu seus valores 

máximos aos 56 DAE (estádio V9-V10) em ambas as cultivares, com posterior declínio 

(Figura 1e) e as curvas da taxa de crescimento relativo da área foliar (Ra) expuseram 

valores decrescentes no decorrer do desenvolvimento das plantas (Figura 1f). Os 

maiores valores de Ra foram obtidos na fase inicial de crescimento das folhas, tanto em 

BRS Pelota quanto em BRS Firmeza. Embora estas cultivares tenham mostrado o 

mesmo desempenho ao longo do ciclo, BRS Pelota apresentou valor máximo de Ra em 

torno de 1,4 m2 m-2 dia-1 e BRS Firmeza, aproximadamente 1,0 m2 m-2 dia-1. 

A taxa assimilatória líquida (Ea) expressa o balanço entre a fotossíntese e a 

respiração da planta e descreve a eficiência da produção líquida do aparelho 

fotossintético, ou, noutras palavras, o incremento de biomassa por unidade de área foliar 

e de tempo (WATSON, 1952, NETTO et al., 2000). No período inicial do ciclo de vida 

das plantas, Ea apresentou valores elevados em ambas as cultivares, especialmente em 

BRS Pelota (Figura 2a). Estes resultados refletem a menor área foliar existente e, em 

contrapartida, a elevada capacidade fotossintética dessas folhas jovens e encontram-se 
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de acordo com os resultados obtidos por ANTONIAZZI e DESCHAMPS (2006) em 

plantas de cevada cvs. BRS 195 e BRS 225.

Um aumento em Ea foi observado aos 70 e aos 85 DAE para BRS Firmeza e 

BRS Pelota, respectivamente (Figura 2a). Este aumento pode ser atribuído ao estádio de 

desenvolvimento das plantas, já que, neste período as plantas encontravam-se na fase 

conhecida como emborrachamento (R1-R2), período de desenvolvimento que antecede à 

floração, caracterizado pelo rápido alongamento do colmo e da panícula (CRUSCIOL et 

al., 2003). A partir daí, Ea decresceu nas duas cultivares, refletindo a redução do 

crescimento vegetativo das plantas e direcionamento do metabolismo para a fase 

reprodutiva. 

Aumentos na taxa assimilatória líquida ao final do ciclo de algumas culturas 

como o milho (BRAGA, 1998), batata (NETTO et al., 2000), manjericão (BARREIRO 

et al., 2006) e trigo (ZEPKA, 2007) também foram observados. A melhoria da 

eficiência da atividade fotossintética em resposta ao início do processo de senescência 

das folhas mais velhas ao final do ciclo da cultura, resulta, geralmente, em aumentos na 

taxa de assimilação líquida (FLOSS e ALVES, 1995; ANTONIAZZI e DESCHAMPS, 

2006). Por outro lado, decréscimos antogênicos em Ea foram observados no final do 

ciclo de desenvolvimento de plantas de tomateiro (PELUZIO et al., 1999). Tal fato pode 

ser justificado pelas variações intra e interespecíficas desse índice fisiológico, bem 

como pelo uso de diferentes modelos matemáticos para relacionar parâmetros de área 

foliar (Af) e de matéria seca (Wt) com o tempo, gerando comportamento variado em Ea

(WATSON, 1952; NETTO et al., 2000).

De forma geral, constatou-se que o comportamento de ambas as cultivares de 

arroz em relação à Ea foi semelhante ao longo do desenvolvimento das plantas (Figura 

2a), exceto no que se refere ao aumento em Ea observado no início do período 
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reprodutivo. Nesta fase, as diferenças no ciclo foram expressivas e refletiram o aumento 

antecipado da taxa assimilatória líquida na cultivar BRS Firmeza, de ciclo curto (Figura 

2a). Entretanto, os valores de Ea no início e no final do ciclo de desenvolvimento das 

plantas foram muito próximos e consistentes com os resultados obtidos em cevada 

(ANTONIAZZI e DESCHAMPS, 2006), indicando que a menor duração do ciclo da 

cultivar BRS Firmeza pode ser compensada por um maior investimento em arquitetura 

foliar.

As curvas da razão de área foliar (Fa) evidenciaram um aumento acelerado 

durante o período de crescimento vegetativo (Figura 2b), ou seja, até 42 DAE (V7-V8), 

em ambas as cultivares, indicando que, nessa fase, a maior parte do material 

fotossintetizado é convertida em folhas, para maior captação da radiação solar 

disponível (URCHEI et al., 2000). A partir desse período observaram-se decréscimos 

com a idade das plantas, decorrentes do surgimento de tecidos e estruturas não 

assimilatórias, além do auto-sombreamento, senescência e queda de folhas. Entretanto, 

as cultivares BRS Pelota e BRS Firmeza diferiram com relação ao valor máximo de Fa, 

bem como no tempo em que elas atingiram esses valores. Na cv. BRS Pelota, o 

incremento nos valores de Fa foi maior e prolongado por pelo menos 5 dias em relação à 

cultivar BRS Firmeza. Estes resultados são, aparentemente, contraditórios aos 

observados para Wt e Af (Figuras 1a,d), pois verificou-se uma inversão, ou seja, 

enquanto Ra decresceu após 42 DAE, Af e Wt aumentaram neste mesmo período, 

resultados também observados por URCHEI et al. (2000) em cultivares de feijoeiro. 

Estes autores atribuíram a redução em Fa à maior eficiência das folhas em converter 

energia luminosa e CO2 em matéria seca.

Observou-se, também, um aumento na razão de peso foliar (Fw) aos 42 DAE 

(V7-V8) para a cultivar BRS Firmeza e aos 50 DAE (V9-V10), aproximadamente, para 
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BRS Pelota (Figura 2c). Aumentos em Fw refletem maior alocação de assimilados para 

as folhas em desenvolvimento, tidas como dreno metabólico preferencial (ZEPKA, 

2007). A partir desses períodos, os valores de Fw reduziram-se com a ontogenia das 

plantas, igualando-se ao final do período de florescimento com o início do enchimento 

dos grãos (100 DAE, aproximadamente, quando as plantas encontravam-se no estágio 

de crescimento R5-R6). Tal redução observada ao longo do desenvolvimento das plantas 

foi consistente com os resultados descritos por LUGG e SINCLAIR (1980), BACARIN 

et al. (1997), BRAGA (1998) e ZEPKA (2007). O decréscimo em Fw ao longo do 

desenvolvimento das plantas reflete a mobilização de compostos fotoassimilados para 

outros órgãos da planta (LUGG e SINCLAIR, 1980).

Em relação à área foliar específica (Sa) (Figura 2d), pôde-se observar que o 

comportamento das cultivares foi muito semelhante ao longo do desenvolvimento das 

plantas, apresentando maiores valores de Sa no início do ciclo da cultura. Os valores de 

Sa foram decrescendo com o desenvolvimento das plantas de ambas as cultivares, de 

maneira similar ao decréscimo em Sa observado por SILVA et al. (2005) em plantas de 

cana-de-açúcar. De acordo com estes autores, reduções em Sa estão relacionadas à 

translocação de reservas das folhas para outras partes da planta, principalmente nos 

colmos, comportamento esse observado também por NETTO et al. (2000), na cultura de 

batata com diferentes lâminas de irrigação. De acordo com RADFORD (1967), Sa

representa as diferenças no espessamento foliar, ou seja, permite verificar se as plantas 

estão acumulando fotoassimilados em suas folhas ou translocando-os para outros 

órgãos. 

Avaliou-se também a distribuição de matéria seca entre os diferentes órgãos da 

planta, como mostra a Figura 3. A matéria seca total acumulada foi igual a 7,87 e 6,87 g 

planta-1 aos 60 DAE (quando as plantas encontravam-se em crescimento vegetativo), 



78

32,32 e 29,61 g planta-1 no início da formação das panículas e 61,29 e 38,29 g planta-1 

na maturidade em BRS Pelota e BRS Firmeza, respectivamente. O aumento relativo no 

acúmulo de matéria seca durante o estádio de amadurecimento foi 48% em BRS Pelota 

e 23% em BRS Firmeza (Figura 3), mostrando que a cultivar BRS Pelota é muito mais 

eficiente no que se refere à produção e acúmulo de biomassa. 

Houve também diferença entre as cultivares estudadas em relação ao padrão de 

distribuição de matéria seca em cada órgão durante o período de enchimento de grãos. 

A figura 3 mostra um aumento considerável no peso da matéria seca do colmo + bainha 

em BRS Pelota em detrimento à sua redução em BRS Firmeza. Por conseguinte, a 

matéria seca acumulada nas folhas reduziu-se em ambas as cultivares refletindo o 

crescimento negativo característico de plantas em estádio de maturação (MILTHORPE 

e MOORBY, 1974) e a distribuição de matéria seca para as panículas foi maior na 

cultivar BRS Pelota, de maior produtividade (Figura 3).

Embora as cultivares apresentem diferença na produtividade, elas mostraram, em 

termos de porcentagem de matéria seca destinada às panículas ao final do ciclo 

reprodutivo, valores muito semelhantes (29 e 30% para BRS Pelota e BRS Firmeza, 

respectivamente). Sabe-se que panículas e órgãos vegetativos como colmos, folhas e 

raízes constituem importantes drenos de fotoassimilados em arroz (KATO et al., 2004). 

Em BRS Pelota, os colmos e as bainhas foram os maiores órgãos dreno para os 

fotoassimilados no decorrer do período de amadurecimento. Este resultado é sustentado 

por meio do aumento no acúmulo de matéria seca observado nestes órgãos ao final da 

última coleta (estádio R8) (Figura 3a). Resultados semelhantes foram observados por 

KATO et al. (2004), estudando diferenças na distribuição de matéria-seca em plantas de 

arroz fêmea estéril. Estes autores verificaram que o surgimento de perfilhos tardios 

assumia o papel de novos órgãos dreno durante o estádio final de desenvolvimento das 
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plantas. Geralmente o surgimento de perfilhos tardios, originados de gemas laterais, está 

relacionado a uma elevada taxa de fotossíntese na fase final de enchimento dos grãos, 

mas a sua influência na distribuição de matéria seca ainda não foi estudada 

(TAKAHASHI, 1992). 

Por conseguinte, o aumento no peso da matéria seca das raízes em ambas as 

cultivares aos 125 DAE (R8) permite supor que novas raízes se desenvolveram ao longo 

do amadurecimento das plantas, como descrito por KATO et al. (2004). Estas raízes 

atuariam como órgãos dreno de fotoassimilados. É necessário salientar que, 

comparativamente à cv. BRS Pelota, o aumento da matéria seca nas raízes de BRS 

Firmeza mostrou-se mais evidente (Figura 3b). A atividade prolongada do sistema 

radicular nesta cultivar pode influenciar o direcionamento de fotoassimilados para os 

grãos e contribuir para o atraso na senescência das plantas, processos diretamente 

relacionados a possíveis aumentos na síntese de citocininas. Não obstante, a cultivar 

BRS Firmeza apresenta o fenótipo stay green, o que resulta em inibição dos processos 

envolvidos na degradação das clorofilas, com subconseqüente atraso na senescência das 

plantas (RAMPINO et al., 2006). Teoricamente, a presença dos genes que conferem o 

fenótipo stay green pode resultar em diferentes impactos sobre a produtividade, 

resultado do prolongamento da atividade assimilatória bem como do retardo no seu 

declínio (RAMPINO et al., 2006). Assim, hipotetiza-se que o maior sistema radicular 

observado em BRS Firmeza reflita uma maior síntese de citocinina, que, após ser 

transportada em direção à parte aérea, influência fortemente fenômenos fisiológicos 

como o desenvolvimento de cloroplastos e senescência foliar, como sugerido por DEBI 

et al. (2005). 

Em termos de produtividade das cultivares, BRS Pelota teve um rendimento de 

grãos de 17,4 g vaso-2, significativamente superior ao rendimento da cultivar BRS 
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Firmeza (11,8 g vaso-2) (Tabela 1). Desta forma, BRS Pelota produziu, em média, 31 % 

mais grãos que a cultivar BRS Firmeza. Além disso, o número de panículas em BRS 

Pelota foi aproximadamente duas vezes superior à cultivar BRS Firmeza, não havendo 

diferença significativa entre as cultivares com relação ao peso de 1000 grãos.

Em BRS Firmeza, a produção de grãos foi positivamente relacionada com o peso 

de mil grãos e negativamente relacionada com o número de panículas. Nenhuma 

correlação significativa entre os componentes de produção foi observada para a cultivar 

BRS Pelota. GERALDO et al., (2000) verificaram que a produção de grãos em 

diferentes cultivares de milheto foi positivamente correlacionada com alguns 

componentes de produção, como o peso de mil grãos e o comprimento das panículas e 

negativamente correlacionada com o número de panículas. Estes resultados são 

consistentes com os obtidos para a cultivar BRS Firmeza. Assim, pode-se inferir que o 

componente de produção de maior expressão no rendimento das cultivares BRS Pelota e 

BRS Firmeza foi o número de panículas, o que comprova que a cultivar BRS Firmeza, 

por perfilhar menos (menos afilhos férteis) que a BRS Pelota, necessitaria de uma maior 

densidade de plantas m-2. 

4. CONCLUSÕES:

1. A cultivar BRS Pelota apresenta maior produção de matéria seca (Wt) com 

maiores valores de taxa de crescimento (Ct, Rw, Ca e Ra), maior área foliar (Af) e maior 

taxa de assimilação líquida (Ea).

2. O aumento relativo no acúmulo de matéria seca durante o estádio de 

amadurecimento é maior na cultivar BRS Pelota.
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3. A cultivar BRS Pelota mostra maior eficiência na produção e acúmulo de 

biomassa em órgãos da parte aérea, principalmente nos colmos + bainha e panículas. 

4. O peso de 1000 grãos não difere entre as cultivares BRS Pelota e BRS 

Firmeza.

5. Comparativamente à cultivar BRS Firmeza, a produção de grãos em BRS 

Pelota é 31 % maior.

6. O componente de produção de maior expressão no rendimento das cultivares 

BRS Pelota e BRS Firmeza foi o número de panícula.
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Figura 1. Matéria seca total (Wt - a), taxa de produção de matéria seca (Ct - b), taxa de crescimento da 
parte aérea (Rw - c), área foliar (Af - d), taxa de produção de área foliar (Ca - e) e taxa de crescimento 
relativo da área foliar (Ra - f) de plantas de arroz (Oryza sativa L.) cv. BRS Pelota (maior 
produtividade) e BRS Firmeza (menor produtividade).

(a)

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

M
A

T
E

R
IA

 S
E

C
A

 T
O

T
A

L
 (g

 p
la

nt
a-1

)
BRS Pelota dados originais

BRS Pelota dados calculados

BRS Firmeza dados originais

BRS Firmeza dados calculados

(d)

0,00

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

0,09

0,10

Á
R

E
A

 F
O

L
IA

R
 (

m
2
 p

la
nt

a-1
)

BRS Pelota dados originais

BRS Pelota dados calculados

BRS Firmeza dados originais

BRS Firmeza dados calculados

(b)

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

T
A

X
A

 D
E

 P
R

O
D

U
Ç

Ã
O

 D
E

 M
A

T
É

R
IA

 S
E

C
A

 (
g 

pl
an

ta
-1

 d
ia

-1
) BRS Pelota

BRS Firmeza

(e)

0,0000

0,0002

0,0004

0,0006

0,0008

0,0010

0,0012

0,0014

0,0016

0,0018

T
A

X
A

 D
E

 P
R

O
D

U
Ç

Ã
O

 D
E

 Á
R

E
A

 F
O

L
IA

R
 (m

2
  m

-2
 d

ia
-1

)

(f)

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

0 15 30 45 60 75 90 105 120 135

DIAS APÓS EMERGÊNCIA

T
A

X
A

 D
E

 C
R

E
S

C
IM

E
N

T
O

 R
E

L
A

T
IV

O
 D

A

 Á
R

E
A

 F
O

L
IA

R
 (m

2  m
-2

 d
ia

-1
)

(c)

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0 15 30 45 60 75 90 105 120 135

DIAS APÓS EMERGÊNCIA

T
A

X
A

 D
E

  C
R

E
SC

IM
E

N
T

O
 R

E
L

A
T

IV
O

 D
A

 P
A

R
T

E
 

A
É

R
E

A
 (g

 p
la

n
ta

-1
 d

ia
-1

)



87

Figura 2. Taxa assimilatória líquida (Ea - a), razão de área foliar (Fa - b), razão de peso foliar (Fw - c) e 
área foliar específica (Sa - d) de plantas de arroz (Oryza sativa L.) cv. BRS Pelota (maior 
produtividade) e BRS Firmeza (menor produtividade). 

(a)

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

T
A

X
A

 A
SS

IM
IL

A
T

Ó
R

IA
 L

ÍQ
U

ID
A

 (m
2
 p

la
nt

a-1
 d

ia
-1

) BRS Pelota

BRS Firmeza

(b)

0,000

0,002

0,004

0,006

0,008

0,010

0,012

0,014

0,016

0,018

R
A

Z
Ã

O
 D

E
 Á

R
E

A
 F

O
L

IA
R

 (
m2

 g
-1

)

(c)

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

0,80

0,90

0 15 30 45 60 75 90 105 120 135

DIAS APÓS EMERGÊNCIA

R
A

Z
Ã

O
 D

E
 P

E
SO

 F
O

L
IA

R
 (g

 g
-1

)

(d)

0,00

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

0,09

0 15 30 45 60 75 90 105 120 135

DIAS APÓS EMERGÊNCIA

Á
R

E
A

 F
O

L
IA

R
 E

S
P

E
C

ÍF
IC

A
 (

m2
 g

-1
 f

ol
ha

)



88

Figura 3. Distribuição de matéria seca entre órgãos de plantas de arroz (Oryza sativa L.) cv. BRS Pelota 
(maior produtividade) e BRS Firmeza (menor produtividade), medida aos 60 dias após a emergência 
(Crescimento vegetativo), 90 dias após a emergência (período de início de enchimento de grãos) e aos 
125 dias após a emergência (período correspondente ao final de enchimento dos grãos).

Tabela 1. Produção de grãos, massa de mil grãos e número de panículas de plantas de arroz (Oryza sativa 
L.) cv. BRS Pelota (maior produtividade) e BRS Firmeza (menor produtividade), obtidos aos 125 
dias após a emergência, período correspondente ao final de enchimento dos grãos1. 

Cultivar
Caráter

BRS Pelota BRS Firmeza
CV (%)

Produção de grãos (g vaso-2) 17,4 ± 2,98 a 11,8 ± 0,55 b 5,35
Massa de mil grãos (g) 26,4 ± 0,14 ns 27,0 ± 0,06ns 4,5
Número de panículas por planta 10 ± 2,37 a 3 ± 00  b 25,41
1Médias seguidas de letras distintas na linha diferem entre si pelo teste Tukey (p ≤ 0,05)
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CONSIDERAÇÕES FINAIS

Considerando a produção de fotoassimilados fator determinante da 

produtividade, o ganho fotossintético obtido por meio do melhoramento genético 

assume grande importância, uma vez que a fotossíntese é processo inicial para a 

produção de nova biomassa. Nas últimas décadas, a avaliação do ganho 

fotossintético em espécies cultivadas passou a ser de grande interesse para 

pesquisadores e para acelerar os estudos genéticos na busca de alta 

produtividade, tornou-se necessário o desenvolvimento de procedimentos que 

possibilitassem uma rápida e confiável seleção de características fotossintéticas 

de interesse para os melhoristas de plantas. Neste sentido, a fluorescência da 

clorofila pode ser considerada uma ferramenta ideal: não invasiva, rápida e 

informativa.

No presente estudo, variações genotípicas em parâmetros da fluorescência 

da clorofila foram expressivas. Com relação à eficiência fotoquímica máxima do 

fotossistema II, expressa pela relação Fv/Fm, nenhuma diferença significativa foi 

observada entre os genótipos analisados. Da mesma forma, nenhuma correlação 

foi observada entre Fv/Fm e o ano de liberação das cultivares, indicando que 

Fv/Fm já atingiu seu valor máximo. 

Por outro lado, os parâmetros da fluorescência efetiva da clorofila (Fv’/Fm’ 

e ФPS2), os quais refletem a atividade dos fotossistemas em estado adaptado à luz, 

mostraram-se muito sensíveis na caracterização das cultivares de arroz. Quando 
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se relacionou Fv’/Fm’ e ФPS2 com o ano de liberação das cultivares, observou-se 

um declínio nos seus valores absolutos até 1960 e posterior recuperação até 2005. 

Este resultado permitiu considerar Fv’/Fm’ e ФPS2 bons parâmetros de seleção 

visando o aumento na produção de biomassa em arroz, uma vez que o aumento 

observado após 1960 foi consistente com a maior produtividade apresentada 

pelas cultivares.

Diferenças na taxa de evolução do oxigênio também foram expressivas 

entre os diferentes genótipos analisados, especialmente entre linhagens macho-

estéreis e sua linha mantenedora da fertilidade. Nestas linhagens, a taxa de 

evolução do oxigênio constituiu-se um parâmetro adequado para se caracterizar 

os efeitos da perda da fertilidade sobre a capacidade fotossintética das plantas. 

Porém, analogamente aos resultados obtidos para Fv/Fm, não houve correlação 

entre os valores da taxa de evolução do oxigênio e o ano de liberação das 

cultivares. 

Considerando-se a caracterização de cultivares de arroz com 

produtividade contrastante, Fv/Fm mostrou-se muito sensível em todos os estádios 

de desenvolvimento das plantas. Neste caso em específico, ela refletiu muito bem 

a atividade fotossintética das plantas, confirmado pelos valores da relação Fs/Fo, 

a qual fornece estimativas da assimilação líquida do CO2 e da condutância 

estomática em plantas C3. Ao contrário, Fv’/Fm’, ФPS2 e qP foram distintivos 

apenas ao final do ciclo de desenvolvimento das plantas ou ponto de colheita.

Por conseguinte, a presença do fenótipo stay green na cultivar BRS 

Firmeza foi também caracterizada através da fluorescência da clorofila. O 

fenótipo stay green é caracterizado por um atraso na senescência da planta, e, na 

teoria, o fenótipo resulta em aumento da produtividade, obtida pela extensão da 

capacidade assimilatória, a qual contribui significativamente para a formação do 

grão. Entretanto, a cultivar BRS Firmeza portadora do fenótipo stay green

apresenta menor produtividade quando comparada à cultivar BRS Pelota 

(ausência do fenótipo stay green). Isso confirma o fato de que outras 

características fisiológicas possam ter maior impacto sobre a produção de grãos 

em culturas como o arroz. Como relatado na literatura, a duração do crescimento 
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da cultura, o número e comprimento das panículas, acúmulo de matéria seca, 

índice de área foliar e estatura da plantas são fatores de elevado significado na 

determinação da produtividade. Neste estudo, mediante análise de crescimento e 

de partição de assimilados, foi verificado que o acúmulo de matéria seca, a área 

foliar e o número de panículas foram positivamente relacionados à maior 

produção de grãos na cultivar BRS Pelota. Entretanto, é preciso ressaltar que a 

base para a formação dessa biomassa está nas reações fotossintéticas, iniciadas 

pelas reações de absorção luminosas nos fotossistemas. 

A necessidade de estudos que determinem a assimilação líquida do CO2, 

as trocas gasosas e condutância estomática deve ser levada em consideração, 

baseado no fato de que eles refletem a atividade assimilatória real da planta. Isso 

nem sempre é possível mediante o estudo da fluorescência da clorofila e do 

transporte de elétrons pelo fotossistema II, uma vez que, especialmente em 

plantas com metabolismo fotossintético C3, o fluxo de elétrons pelos 

fotossistemas pode ser direcionado para as reações de fotorrespiração, do 

metabolismo de nitrogênio ou para as reações de formação de espécies reativas 

de oxigênio. Em virtude destas razões, é pertinente também a determinação de 

outros parâmetros que neste trabalho não foram determinados como: atividade de 

enzimas antioxidantes, que poderia acrescentar informações valiosas sobre o 

mecanismo de tolerância ao estresse gerado pelas espécies reativas de oxigênio 

resultante das reações de transporte de elétron; atividade de enzimas do 

metabolismo de nitrogênio, que poderiam contribuir com informações relevantes 

a respeito da capacidade de assimilação do nitrogênio; e da assimilação do CO2, 

trocas gasosas e condutância estomática, como mencionado anteriormente.
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