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Bean  (Phaseolus vulgaris L., cv. Carioca and cv. Negro Huasteco) and cowpea plants (Vigna unguiculata L. Walp cv.

Epace 10) were grown in a growth chamber with PPF at leaf level of 200 µmol.m-2.s-1 and air temperature 25 + 1 oC.

The first fully expanded pair of leaves of 12-day-old plants was submitted to high temperature stress (25, 30, 35, 40, 45

and 48 oC) for 1.5 h. The photochemical efficiency of PSII during recovery was monitored by means of chlorophyll a

fluorescence at six different times (0.5, 1, 2, 4, 24, and 48 h) after stress, at 25 oC, using a modulated fluorimeter.

Increasing temperature promoted an increase in Fφ at 45 oC, possibly associated with dissociation of the light harvesting

complex from the reaction centre of PSII, but a decrease was observed at 48 oC in all cultivars. Fmax decreased at 48 oC

in Carioca and Negro Huasteco, but not in Epace 10, showing a possible correlation between heat tolerance and Fmax

for this cultivar. The low values of Fmax in Carioca and Negro Huasteco indicated a loss of PSII activity followed by

death of these plants. Fv/Fmax did not vary in Epace 10 but varied in Carioca and Negro Huasteco with increasing

temperatures.
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Eficiência fotoquímica em plantas de feijão (Phaseolus vulgaris L. e Vigna unguiculata L. Walp) durante a

recuperação do estresse por alta temperatura: Utilizaram-se plantas de feijão (Phaseolus vulgaris L. cv Carioca e

Negro Huasteco) e caupi (Vigna unguiculata L. Walp, cv Epace 10) crescidas em câmara controlada com FFF de 200

µmol.m-2.s-1 e temperatura média do ar 25 ± 1 oC. Aos 12 ou 13 dias, as plantas foram submetidas aos tratamentos de

temperatura (25, 30, 35, 40, 45 e 48 oC) por 1,5 h. A eficiência fotoquímica do PSII foi monitorada, durante a recuperação

das plantas, por meio da fluorescência da clorofila a, em seis períodos (0,5; 1, 2, 4, 24, e 48 h) após a indução do

estresse.  As  variáveis  da  fluorescência  da  clorofila  a  foram obtidas com um fluorímetro de luz modulada a 25 oC.

A temperatura de 45 oC provocou um aumento em Fφ, com um decréscimo a 48 oC para todas as cultivares. Houve uma

queda no valor da Fmax a 48 oC para Carioca e Negro Huasteco, mas não para Epace 10, mostrando uma possível

correlação entre queda na Fmax e suscetibilidade dessas cultivares à alta temperatura. Os baixos valores de Fmax ocorridos

a 48 oC, indicam perda da atividade do PSII e foi precedido pela morte das plantas. Com o aumento da temperatura não

houve  alterações  na  razão  Fv/Fmax  para Epace 10 ao passo que Carioca  e  Negro Huasteco atingiram valores nulos

a 48 oC, mostrando a discrepância das cultivares em relação a alta temperatura.

Palavras-chave: fluorescência da clorofila a, temperatura supra-ótima, fotossíntese.
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Abbreviations – LHCII, light harvesting complex; P680, PSII reaction centre; Rubisco, Ribulose-1,5-bisphosphate carboxylase/oxygenase; ATP,
adenosine triphosphate; NADPH, nicotinamide adenine dinucleotide phosphate - reduced form; PPF, photosynthetic photon  flux; PSI, photosystem
I; PSII, photosystem II; Fφ, initial fluorescence; F

max
, maximum fluorescence; F

v
/F

max
, PSII photochemical efficiency.
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INTRODUCTION

Crops are exposed to periods of heat stress during

life their cycle. The optimum temperature for the most

species ranges from 25 to 35 oC. Above this value, a

decline in the photosynthetic rate is observed (Berry and

Björkman, 1980; Pimentel 1998).  Under natural

conditions, a momentary water deficit at the daily warm

hours is observed and this can promote stomata closure.

Consequently, the temperature of the leaves exposed

directly to the sun can be equal or higher than the air

temperature. This elevation of leaf temperature can result

in biochemical and biophysical disturbance in the

mesophyll, which can be reversible or not (Berry and

Björkman, 1980).

In bean plants, photosynthesis shows a negative

response to rising temperatures (Masaya and White,

1991).  According to Jones (1971),  the optimum

temperature for photosynthesis in bean leaves is 25 oC,

showing decay with its continuous increase. This is

particularly interesting because studies have shown that

optimum temperatures for bean plants above 25 oC may

be due to genetic breeding. A study presented by Pastenes

and Horton (1996b) showed the potential photosynthetic

rate of the Barbucho recombinant inbred line reaching

maximum values at 35 oC.

The main effects of high temperature on

photosynthesis result from alterations in thylacoid

physical-chemical properties  (Gilmore and Govindjee,

1999). Besides inducing an increase in the lipid matrix

fluidity (Raison et al., 1982) with consequent formation

of unilayer structure, high temperature provokes

disturbances in the photosynthetic apparatus organization,

as follows: (a) destruction of the oxygen evolution

complex; (b) dissociation of the light harvesting complex

of PSII accompanied by variations in energy distribution

between PSII and PSI and (c) inactivation of the PSII

reaction centre (P680), that disturbs the grana stacking

(Gounaris et al., 1983; Enami et al., 1994; Yamane et al.,

1998). All these events result in photochemical and

carboxylative efficiency losses, and serious metabolic

restrictions in the Calvin cycle, such as inactivation of

Ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco)

and variations in the metabolic pool, especially  ATP and

NADPH availability (Pastenes and Horton, 1996b).

In relation to photochemical efficiency, an increase

in initial fluorescence (Fφ) has been observed with rising

temperatures. In some situations, Fφ can be used as an

indicator for irreversible damage in PSII (Pastenes and

Horton, 1996a), associated to LHCII dissociation II

(Briantais et al., 1996; Yamane et al., 1998) and blocking

the electron transference in the reductant side of PSII.

In wheat and barley plants, identification of high

temperature tolerance can be positively correlated with

maximum Fφ (Havaux et al., 1988). However, Yamane et

al. (1997) suggested that the inactivation of the PSII

reaction centre, caused by denaturation of chlorophyll-

protein complexes in response to high temperature,

correlates with decay in Fmax values. Changes in these

fluorescence variables cause alterations in the Fv/Fmax

ratio, indicating a disturbance in photochemical activity

of photosynthesis.  The Fv/Fmax ratio has been inferred as

an indicator of environmental stresses, such as high

temperature, water insufficiency, light excess and others,

because it is easy and fast to measure (Maxwell and

Johnson, 2000).

The present study analysed the temperature response

of chlorophyll fluorescence (Fφ, Fmax e Fv/Fmax) in bean

(Phaseolus vulgaris L.) and cowpea plants [Vigna

unguiculata (L.) Walp] submitted to optimal and supra-

optimal temperatures. In addition, the response of the

photosynthetic apparatus to high temperature was

evaluated during the recovery period.

MATERIAL AND METHODS

Plant material and growth conditions: Photochemical

measurements were performed in two bean species, the

common bean (Phaseolus vulgaris L., cvs. Carioca and

Negro Huasteco) and cowpea (Vigna unguiculata L., cv.

Epace 10). Initially, the seeds were sown on wet towel

paper in a germinator equiped with a temperature sensor.

The temperature (30 oC day and 20 oC night) and

photoperiod (8 h light and 16 h dark) used according to

the recommendations of Regra para Análise de Sementes,

(SNDA, 1992).

After three days, the plants were thinned and

transferred to 0.3 L plastic pots containing organic

substrate. The plants were grown in a Biotronette IV (Lab-

Line Instruments Inc., USA) environmental chamber or

10 or 11 d, sufficient time for the primary leaves to reach

maximum size. The chamber consisted of eight

fluorescent lamps allowing a photosynthetic photon flux
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(PPF) of 200 µmol.m-2.s-1 with 12 h  photoperiod. The

temperature and relative air humidity (RH) were

registered every hour by means of automatic sensors

(Model 250, Spectrum Technologies, USA) coupled to a

data logger (WatchDog Data Logger,  Spectrum

Technologies, USA), providing 25 oC and 22 oC thermal

regimen and 48 % and 72.5 % RH day and night,

respectively.

High temperature treatment: The plants were closed in a

temperature-controlled chamber JP-100 (J-Prolab, Brazil)

and the temperature was monitored constantly by a digital

thermometer thermopar type (Digi-Thermo, China) at the

leaf surface level, providing a mean variation of + 0.5 oC

in relation to the desired temperature. A light panel (with

incandescent lamps) was installed inside the chamber

during the stress submission permitting a PPF of 80

µmol.m-2.s-1.

The plants were previously standardized on a

photochemical efficiency ratio (Fv/Fmax) basis, and those

with values inferior to 0.800 were disregarded (see

fluorescence measurement). A set of five plants was

incubated separately at 25, 30, 35, 40, 45 and 48 oC for

1.5 h. After stress treatment, the plants were taken to the

bench lab where fluorescence measurements were taken

during recovery at the following times: 0.5, 1, 2, 4, 24

and 48 h. All the measurements were taken at 25 oC.

The experiments followed a factorial arrangement in

randomised blocks, each one with five replications. All

data were subjected to means and standard deviation

calculation.

Chlorophyll fluorescence: Modulated chlorophyll a

fluorescence was measured by means of a MINI-PAM

fluorimeter (Walz, Germany). After heat treatment, the

leaves were dark-adapted for 30 min at ~25 oC using

appropriate leaf clips (DLC-8). After this period some

recovery probably occurred but this was ignored. Initial

fluorescence (Fφ) was obtained with low intensity

modulated light  (< 0.1 µmol.m-2.s-1) used for limiting

its effect in variable fluorescence. Maximum fluorescence

was determined with a light saturation pulse of 0.3 s,

promoting the closure of reaction centres of PSII. The

emitted diode light lasted 0.3 s and was reproduced in

600 Hz frequency.  This light passed through a filter (λ <

600 nm), where a photodetector is protected by another

filter (λ < 700 nm) to reflect heat. A selective system of

pulse amplification ignores all signals except fluorescence

emitted during the measurement time (0.3 s).

RESULTS AND DISCUSSION

Analysis showed an increase in Fφ with rising

temperature in all cultivars, reaching a maximum value

at 45 oC followed by a decrease at 48 oC (figure 1). This

expected behaviour can be used as an estimator of the

non-reversible state resulting from heat effect on

photosynthesis (Downton and Berry, 1982). In fact,

differences between bean varieties were demonstrated by

Fφ increase, with temperatures ranging from 40 to 50 oC

(Pastenes and Horton, 1999).

Figure 1. Initial fluorescence Fφ in Carioca and Negro Huasteco

(P. vulgaris) and Epace 10 (V. unguiculata) submitted to

different temperatures. The measurements were obtained

48 h after rising temperature treatment. Values are means

(+ SD) of five replications.
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According to Bolhàr-Noderkampf et al. (1989), the

Fφ increase observed at 45 oC can indicate a reduction of

energy transference to the PSII reaction centre or a

partially-reversible inactivation (Yamane et al., 1997).

The Fφ decrease at 48 oC could be explained by

destruction of PSII reaction centre and formation of

quenching species (Bolhàr-Noderkampf et al., 1989). This

was particularly evident in Carioca and Epace 10,

demonstrated by the death of the former. Surprisingly,

Carioca
N. Huasteco
Epace 10



108

Braz. J. Plant Physiol., 14(2):105-110, 2002

E.S. COSTA  et al.

Epace 10 showed a spectacular recovery of photochemical

efficiency after 48 h. Although 48 oC was  lethal for

Carioca, Negro Huasteco presented a minor decrease in

Fφ. However, this cultivar did not survive at high

temperature treatment. These results show that this

parameter cannot be considered a good indicator for heat

tolerance in bean species.

Even though the results shown in figure 1 are

inconclusive about heat tolerance, table 1 shows a strong

decrease in Fmax  in Carioca and Negro Huasteco with

temperature increase, but not in Epace 10. The decreases

in these cultivars may be associated with loss of PSII

activity due to conformational changes in D1 protein (De

las Rivas and Barber, 1997; Bukhov et al., 1999), causing

alterations in PSII electron acceptor properties

(Andréasson et al., 1995; Rova et al., 1998).

Other factors may be associated to Fmax decrease

caused by heat, such as a migration of damaged PSII

reaction centres to non-stacked  thylacoid regions, and

as an acceleration of energy transference to non-

fluorescent PSI (Yamane et al., 1997). Even so the Fmax

decrease may be due to disruption of electron donation

from water to PSII because of loss of the manganese atom

and extrinsic proteins from the oxygen evolution complex

(Nash et al., 1985; Enami et al., 1994). Such events may

be associated to susceptibility of Carioca and Negro

Huasteco to high temperature.

The  Fv/Fmax parameter was proportional to the

quantum yield of PSII ranging from 0.75 to 0.85 in normal

plants as pointed out by Butler and Kitajima (1975) and

Bolhàr-Noderkampf et al. (1993). In this work, Carioca

and Negro Huasteco showed a marked decrease in the

Fv/Fmax ratio at 48 oC indicating severe damage in the

photochemical efficiency of PSII and susceptibility of

these cultivars (figure 2). However, the Fv/Fmax ratio in

Epace 10 persisted in a range that does not characterise

damage to PSII. In fact, when the Fv/Fmax ratio values

are compared among the cultivars, a decrease of 98.55

%, 100 % and 5.05 % is observed for Carioca, Negro

Huasteco and Epace 10, respectively. Table 2 shows the

dimension of damage promoted by heat stress in all

cultivars.

The  Fφ increase observed at 45 oC can be explained

by the initial damage occurring at PSII (figure 1) in all

cultivars. Nevertheless, Epace 10 resisted the heating

treatment, especially at 48 oC, showing a small decrease

in photochemical efficiency (5.05 %) in spite of the

elevated Fφ values at this temperature. This increase in

Fφ is dependent on structural conditions affecting the

probability of the energy transference within the pigments

of the light harvesting complex to the PSII reaction centre

(Krause and Weis, 1984). As the Fφ increase occurred at

45 oC and Fmax was almost constant for Epace 10, the Fv/

Fmax ratio showed little variation for this cultivar during

recovery after 48h. In this investigation, response analysis

of Fφ for all cultivars did not enable the discrimination

of heat tolerance among them. Within the fluorescence

parameters investigated, the Fv/Fmax ratio and Fmax showed

the best suitability for heat tolerance discrimination, as

proposed by Maxwell and Johnson (2000).

Figure 2.  Photochemical efficiency of PSII (Fv/Fmax) in Carioca and Negro Huasteco (P. vulgaris) and Epace 10 (V.

unguiculata) submitted to different temperatures. The measurements were obtained during 48 h after temperature treatment.

Values are means (+ SD) of five replications.
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Table 2. Photochemical efficiency (F
v
/F

max
) for the cultivars

Carioca,  Negro  Huasteco  (P. vulgaris)  and  Epace  10 (V.

unguiculata), at 25, 45 and 48 oC at different temperatures,

48 h after the treatment. The temperature of 25 oC was con-

sidered as the control.

25 oC 45 oC 48 oC
F

v
/F

max
F

v
/F

max
 (% control) F

v
/ F

max
 (% control)

Carioca  0.813a 0.812 (99.87) 0.012 (1.45)

Negro Huasteco 0.812 0.820 (100.24) 0.000 (0.00)

Epace10 0.813 0.804 (98.89) 0.772 (94.95)

a Values are means (+ SD) of five replications.

Table 1. Values of maximum fluorescence (F
max

) for the culti-

vars Carioca, Negro Huasteco (P. vulgaris) and Epace 10

(V. unguiculata),  at  25 oC  and  48 oC,  during  recovery

period after stress treatment (48 h).

F
max

 Values

25 oC 48 oC

Carioca 1491 + 38a 225 + 15

Negro Huasteco 1473 + 67 377 + 80

Epace 10 1332 + 73 1202 + 43

a Values are means (+ SD) of five replications.

Cultivars

Cultivars

According to the results obtained, the photosynthetic

apparatus of Epace 10 presented differential tolerance to

heat stress while that of Carioca and Negro Huasteco did

not. The cultivars investigated are known to differ in their

capacity to resist  detrimental effects of high temperature.

Carioca is not recommended for cultivation in warm

regions with persistently high temperature periods, unlike

Negro Huasteco, a cultivar considered tolerant to supra-

optimum temperature (Masaya and White, 1991) and

Epace 10, widely distributed in warm and dry regions in

Brazil. An important feature of these results is that,

although the photosynthetic apparatus of Negro Huasteco

was less tolerant than other cultivars investigated in this

work, this cultivar is recommended for warm regions.

Consequently, other morphophysiological characteristics

must probably be involved in tolerance capacity.

According to McDonald and Paulsen, (1997), the

photosynthetic apparatus of Epace 10 makes use of

mechanisms of tolerance to heat stress. Some speculations

can be made such as: (a) major capacity of D1 protein

regeneration; (b) high activity of the xanthophyll cycle

and (c) high capacity for energy dissipation via the proton

gradient in thylacoids. Nevertheless, these considerations

are to be investigated.
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