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Gas exchanges, sucrose, starch and reducing sugar contents were analyzed in leaves of orange trees with and without

Citrus Variegated Chlorosis (CVC), a disease caused by the bacteria Xylella fastidiosa. Healthy plants (HP) and diseased

plants (DP) were evaluated 20 and 26 months after bacterial inoculation, in October 1998 and April 1999, respectively.

On the first evaluation date, CO2 assimilation rates for HP were greater than DP in the early morning and midday, but on

the second date they were greater in HP all along the day. On the first date, there was an increase in the sucrose content

of DP at 15:00 h and 17:00 h in relation to HP. On the second evaluation date, DP presented greater reducing sugar

content only in the early morning while sucrose content showed a decrease at 15:00 h. Also, on the second date, the

concentrations of starch were always lower for DP compared to HP. It is suggested that this variation in starch levels

might be related to energy availability in DP, as they also showed lower photosynthetic rates. Soluble sugars did not

show any correlation with the disease and photosynthetic parameters.
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Trocas gasosas e metabolismo de carboidratos em laranjeiras com clorose variegada dos citros: As trocas gasosas e

as concentrações de sacarose, amido e açúcares redutores foram analisadas em folhas de laranjeiras com e sem Clorose

Variegada dos Citros (CVC), doença causada pela bactéria Xylella fastidiosa. Plantas sadias (PS) e plantas doentes (PD)

foram avaliadas 20 e 26 meses após a inoculação da bactéria, em outubro de 1998 e abril de 1999, respectivamente. Na

primeira data de avaliação, as taxas de assimilação de CO2 em PS foram maiores do que em PD nas primeiras horas da

manhã e ao meio-dia, mas na segunda data de avaliação elas foram maiores em PS durante o dia todo. Na primeira data,

houve aumento no conteúdo de sacarose de PD às 15 h e 17 h em relação ao de PS. Na segunda data, PD mostrou maior

conteúdo de açúcares redutores somente no período da manhã, enquanto o conteúdo de sacarose apresentou decréscimo

às 15 h. Na segunda data, as concentrações de amido foram sempre menores em PD, quando comparadas com as de PS.

As variações de amido podem estar relacionadas com a disponibilidade de energia para atividades metabólicas de PD,

uma vez que elas também apresentaram taxas de fotossíntese mais baixas. Os teores de açúcares solúveis não mostraram

qualquer relação com a doença ou parâmetros de fotossíntese.

Palavras-chave: açúcares redutores, amido, Citrus sinensis L., fotossíntese, sacarose, Xylella fastididosa.

R E S E A R C H   A R T I C L E

INTRODUCTION

Citrus Variegated Chlorosis (CVC) is a disease caused

by Xylella fastidiosa, a fastidious xylem-limited bacteria,

that is transmitted by sucking insects, mainly sharpshooters

of the Cicadellidae family (Hill and Purcell, 1995, 1997).

CVC was first identified in Brazil in 1987 in orchards

located in the Triângulo Mineiro, Minas Gerais State, and

the North and Northeast of the State of São Paulo.
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Nowadays, CVC is found infecting nearly all the citrus

growing areas of Brazil, affecting mainly sweet orange

trees (Chang et al., 1993; Lima et al., 1996).

The leaves of plants with CVC present generalized

chlorosis mainly in the upper part of the canopy and they

are generally smaller than healthy leaves, with lower Zn

and K contents and small blisters on the abaxial surface

(Rossetti, 2001). These blisters burst forming small lesions

that correspond to the chlorotic spots on the adaxial surface.

The fruits of these plants are small, hard and yellow,

making them undesirable for the market and juice industry

(Rossetti et al., 1991). Most of the symptoms of this disease,

such as marginal leaf necrosis, slow growth in the spring and

declining vigor leading to plant death, suggest an interference

in the water conducting system (Hopkins, 1989).

Orange trees with CVC present symptoms of water

stress which are associated with significant decreases in

CO2 assimilation and transpiration rates (Machado et al.,

1994). Compared with other perennial species, CO2

assimilation rates in citrus leaves are low (between 8.0 and

10.0 µmol.m-2.s-1). However, the evergreen leaves of citrus

can assimilate carbon throughout the year and thus

compensate this low supply (Waring, 1991; Brakke and

Allen, 1995; Goldschmidt and Koch, 1996). Citrus leaves

are an important carbohydrate reserve organs and starch is

the principal storage carbohydrate (Goldschmidt and

Golomb, 1982).

The aim of this work was to study the gas exchanges

and the carbohydrate metabolism in orange trees with CVC.

MATERIAL AND METHODS

Plant material and bacterial inoculation: The sudy was

carried out at the Centro de Citricultura Sylvio Moreira,

Instituto Agronômico de Campinas, Cordeirópolis

(22o34´S; 47o34´0; 689 m altitude), SP. One-year-old

“Pera” orange trees (Citrus sinensis L. Osbeck) grafted on

“Rangpur” lemon (Citrus limonia Osbeck) rootstocks were

transplanted to 100L pots containing a mixture of earth,

sand and organic matter (3:1:1) with an individual drip

irrigation system. The plants were kept in a greenhouse,

completely closed to prevent the passage of insects.

X. fastidiosa bacterium was inoculated following the

method developed by Medina et al. (1998). After six

months of inoculation all the inoculated plants presented

a positive result after PCR analysis (Pooler and Hartung,

1995). Five healthy plants (HP) and five diseased plants

(DP) were evaluated after 20 (October 1998) and 26 months

(April 1999) of bacterial inoculation.

CO2 assimilation, stomatal conductance and transpiration

rates: CO2 assimilation rates (A), stomatal conductance

(gs) and transpiration (E) were measured on one-year-old

leaves of previously selected branches. In the case of DP,

leaves with “type 3 %” disease symptoms (Amorim et al.,

1993) were chosen for the analyses. CO2 assimilation,

stomatal conductance and transpiration were measured at

8:30, 9:30, 12:00 and 15:30 h using a portable Infra Red

Gas Analyzer (Licor, model Li 6200).

Carbohydrate analysis: The same leaves used in the IRGA

measurements were used for carbohydrate analysis. Leaves

were harvested at 9:00, 12:00, 15:00 and 17:00 h. The

leaves were cut from the branches, plunged in liquid

nitrogen and maintained at -70 oC for 72 h before being

ground and freeze-dried. Leaf tissue (150 mg) was

extracted twice with hot 80 % ethanol (70 oC, 20 min) and

the supernatants pooled for analysis. The resulting residue

was extracted twice with perchloric acid (70 oC, 30 min)

and the pooled supernatants filtered and the volume made

up to 100 mL with distilled water. The soluble sugars in

the supernatants from the alcoholic and acid extractions

were measured as described by Somogyi (1952).

Climatic data: Dry and wet-bulb temperatures used for

vapor pressure deficit (VPD) calculations were obtained

by a mini meteorological station installed inside the

greenhouse. Photosynthetic photon flux density (PPFD)

was obtained with a sensor located in the Li-6200 chamber.

RESULTS AND DISCUSSION

The depression in photosynthesis at midday, observed

in both treatments at the two evaluation dates (figures 1A

and 1B), is a typical phenomenon of the citrus fruit tree. It

occurs as a result of the high evapotranspiration resulting

from the rise in VPD (Sinclair and Allen, 1982; Vu and

Yelenosky, 1988a; Syvertsen and Lloyd, 1994; Medina et

al., 1999). The midday depression in photosynthesis also

occurs in other species such as Arbutus unedo, whose

stomata can close in dry atmospheres because they have

developed great sensitivity to changes in humidity

(Raschke and Reseman, 1986).  These authors considered

that midday depression occurred simultaneously with the
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Figure 1. Effect of CVC on CO2 assimilation (A) of “Pera”

orange trees grafted on”“Rangpur” rootstocks in two

evaluation dates, (A) 20 and (B) 26 months after Xylella

fastidiosa inoculation. HP healthy plants; DP diseased plants.

stomatal responses but, in some cases, the decline in

photosynthesis preceded the decrease in stomatal

conductance. It is well known that the gas exchange

processes occurring in the leaves are correlated because

both the CO2 and water vapor fluxes are conditioned by

PPFD, VPD and stomatal opening (Germaná and Sardo,

1996). Stomatal conductance in citrus increases as the

PPFD  comes  close  to  saturation,  at  around  500  µmol

m-2.s-1 which represents 25 % of full sun irradiation

(Syvertsen, 1999).

On the first evaluation date, photosynthetic rates began

to decline at 9:00 h as the VPD during the day increased

(figure 2A). The CO2 assimilation rates of DP and HP were

higher in the morning for both evaluations (figure 1A and

1B). In the first evaluation, while the mean photosynthetic

rate of the HP was approximately 8.3 µmol.m-2.s-1 at 8:30

h, DP showed values of around 5.8 µmol.m-2.s-1. From 9:00

h onwards the photosynthetic rates of HP began to decrease

probably because of the rise in temperature and solar

radiation (figure 2A), while DP showed approximately the

same rates shown before. Thus, as stomata of DP closed

there was a decrease in photosynthesis and transpiration

(figures 1A, 3A and 4A), indicating an adaptation of these

plants to diminish water loss.

Figure 2.  Photosynthetically photon flux density (PPFD), air

temperature (T), vapor pressure deficit between the air and

the leaf (VPD) during the measurement days at (A) 20 and

(B) 26 months after Xylella fastidiosa inoculation.

Figure 3.  Effect of CVC in stomatal conductance (gs) of

“Pera” orange trees grafted on”“Rangpur” rootstocks

in two evaluation dates, (A) 20 and (B) 26 months after

Xylella fastidiosa inoculation. HP healthy plants; DP

diseased plants.
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Figure 4. Effect of CVC on transpiration (E) of “Pera” orange

trees grafted on”“Rangpur” rootstocks in two evaluation

dates, (A) 20 and (B) 26 months after Xylella fastidiosa

inoculation. HP healthy plants; DP diseased plants.

In general, photosynthesis, stomatal conductance and

transpiration on the first evaluation date in DP were lower

than for HP throughout the day, except at the end of the

afternoon. Peach trees infected with Xylella fastidiosa also

showed reductions in CO2 assimilation and stomatal

conductance (Anderson and French, 1987).

Possibly, gas exchanges in CVC plants were altered

because the xylem was blocked, thereby decreasing the

water movement capacity. On the first evaluation date it

was observed that the leaf water potential of DP at 14:00 h

was lower than that of HP (data not shown). In addition,

these plants were more sensitive to variations in

temperature and VPD, showing a decrease of the stomatal

conductance (Gomes et al., 1999; Medina et al., 2000).

The decrease in leaf water potential of DP, with the

consequent appearance of wilt symptoms during the day, might

be related to the deposition of bacterial gum and to the presence

of tyloses and bacterial aggregates in the xylem vessels.

the stomata functioning.  In citrus affected with a disease

known as “decline”, that also affects the water relations,

the obstructions observed in the xylem lumen were

responsible for the decrease in the water flow, resulting in

a decrease of stomatal conductance and photosynthesis

(Cohen et al., 1983; Brlansky et al., 1984).

On the second evaluation date, photosynthesis and

stomatal aperture in DP were always lower than for HP

(figures 1B and 3B). Transpiration rates in HP and DP were

similar at 8:30 h but significantly different at 9:30 h, 12:00 h

and 16:00 h (figures 4A). Although transpiration is controlled

mainly by stomatal opening, photosynthesis in plants can also

be affected by non-stomatal factors, such as loss of

efficiency in the photosystem reaction centers and decrease

of activity of photosynthetic enzymes, such as Rubisco.

The mechanism by which Rubisco activity is reduced is

not fully understood but it may consist of an unbalanced

proportion between biosynthesis and biodegradation of the

enzyme (Vu et al., 1987; Vu and Yelenosky, 1988b).

Cherry tree leaves infected with Blumeriella jaapii,

the “cherry tree leaf spot disease” pathogen, led to reduced

net photosynthesis during all stages of disease development

(Niederleitner and Knoppik, 1997). Although a continuous

decrease in the electron transport rates was observed, CO2

fixation was the most affected parameter, indicating that

the infection interferes with enzymatic processes in the

Calvin cycle.

Tan and Whitlow (2001) reported reduced photosyn-

thesis in Catharanthus roseus leaves after inoculation with

two strains of phytoplasms. The photoinhibition resulted

from activity of the photoprotective processes before the

damage of the photosystem II reaction center (PSII) while

changes in gs were not correlated with changes in abscisic

acid concentrations. Gomes et al. (2003) also observed a

lack of correlation between gs and abscisic acid after two

years of bacterial infection in orange trees infected with

Xylella fastidiosa. However, in some cases, photosynthe-

sis declines without affecting stomatal conductance, as

reported by  Sadras et al. (2000) for sunflower inoculated

with Verticillium dahliae.

Plants with CVC present variegated leaves. The leaves

used for the photosynthetic measurements in this study

presented a low symptom index (“3 % type”, with some

yellow marking, according to Amorim et al., 1993).

Therefore, some decrease in the pigment contents may have

contributed to the reduction of photosynthetic rates.

Machado et al. (1994) observed that citrus leaves with

CVC showed water shortage symptoms, suggesting that

these symptoms may result from an increase in the

resistance to xylem water flow and not to alterations in
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Deficiency in carbohydrate supply is not usually

observed in citrus because starch accumulates in several

plant organs, including leaves (Goldschmidt and Koch,

1996; Ruiz et al., 2001). Starch reserves in citrus are

formed even during fruit growth and this capacity to

accumulate starch might be related to the fact that citrus is

perennial and photosynthesis occurs throughout the year.

In the present study, HP and DP showed high

concentrations of starch (around 280 mg.g-1 DW) in the

leaves at both evaluation dates (figures 5A and 5B).

However, on the second evaluation date starch was

markedly lower in DP (figure 5B). This may be related to

the energy availability in these plants, as there was a

significant depression in photosynthesis.

Plants with CVC are usually deficient in K (Quaggio,

1988; Vitti et al., 1989). K is an important nutrient for

carbohydrate metabolism in citrus leaves and its deficiency

results in low starch concentration and greater

concentration of reducing sugars, accompanied by an

increase in the activities of β amylases and acid invertase

(Lavon et al., 1995). Vine leaves infected with Xylella

fastidiosa also showed K deficiency and low starch

concentration (Goodwin et al., 1988).

Figure 5. Effect of CVC on the starch content of leaves of

“Pera” orange trees grafted on”“Rangpur” rootstocks in

two evaluation dates, (A) 20 and (B) 26 months after

Xylella fastidiosa inoculation. HP healthy plants; DP

diseased plants.

Figure 6.  Effect of CVC on sucrose content of leaves of

“Pera” orange trees grafted on”“Rangpur” rootstocks

in two evaluation dates, (A) 20 and (B) 26 months after

Xylella fastidiosa inoculation. HP healthy plants; DP

diseased plants.

Figure 7.  Effect of CVC on reducing sugars content of

leaves of “Pera” orange trees grafted on”“Rangpur”

rootstocks in two evaluation dates, (A) 20 and (B) 26

months after Xylella fastidiosa inoculation. HP healthy

plants; DP diseased plants.
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In contrast to starch, it was not possible to establish a

correlation between sucrose and reducing sugars with bac-

terial infection (figures 6 and 7). Other studies reported

changes in sucrose and reducing sugars in leaves of to-

mato plants infected by fungi, followed by alterations in

invertase activity (Zulu et al., 1991). Changes in invertase

acid activity may modify the source-sink relationship in

the leaves of infected plants, leading to an accumulation

of soluble carbohydrates such as sucrose, glucose, fruc-

tose and phosphate-hexoses as observed in wheat leaves

infected with mildew (Erysiphe graminis f.sp. tritici)

(Wright et al., 1995a,b). However, infection of Picea abies

by Chrysomyxa rhododendri caused a decrease in concen-

tration of non-structural carbohydrates (Bauer et al., 2000).
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