
ORIGINAL ARTICLE

Drought-stress tolerance in three semi-arid species used to recover
logged areas

Juliana Da Silva-Pinheiro1
• Lays Lins1

• Felipe Cardoso Souza2
•

Carlos Eduardo Moura da Silva3
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Abstract We subjected seedlings from three tree species

from the semi-arid ‘‘Caatinga’’ biome to water deficiency

and rehydration. The species were Bauhinia monandra K.

and Hymenaea courbaril L., (both Fabaceae), and Tabe-

buia aurea (Bignoniaceae). Seedlings were kept under

water restriction until photosynthesis decreased to values

around zero. Plants were rehydrated and photosynthesis

measured until its values reached values of well-watered

plants. We measured leaf water potential, maximum

quantum yield, and chlorophyll index on (1) the first day of

the experiment; (2) when photosynthesis decreased to

around zero; and (3) after photosynthesis recovery. We

then determined biomass and leaf area. To avoid water

deficiency B. monandra and T. aurea (but not H. courbaril)

reduced their leaf area resulting in lower biomass accu-

mulation. The chlorophyll index was also not affected in H.

courbaril, but it was lower for the other two species under

stress. Maximum quantum yield was equally decreased in

all the tree species as a mechanism to decrease light

damage of photosynthetic apparatus. Drought differentially

affected the vegetative growths of B. monandra, T. aurea,

and H. courbaril when time and intensity were considered,

affecting leaf area status leading to the leaf biomass

decrease. Decreases in soil moisture led to decreased gas

exchange. However, leaves were positively acclimated

using chlorophyll strategies by lowering the light harvest in

photosystems, which protect photosynthetic reaction

centers.

Keywords Biomass accumulation � ‘‘Caatinga’’ � Gas

exchange � Stress conditions � Tropical trees

Introduction

Global climate change will intensify water scarcity in many

areas. Drought stress is especially common in semi-arid

trees, which frequently employ morpho-physiological

drought-tolerance strategies (Husen et al. 2014). The

‘‘Caatinga’’, a dry climate tropical forest, located in the

northeastern region of Brazil, is subject to very irregular

rainfall and high temperatures leading to frequent droughts

(Sampaio 1995; Souza et al. 2010). Thus, soil-water

availability in ‘‘Caatinga’’ is a crucial factor driving plant

growth and survival in this environment. Clearly, rapid and

efficient morpho-physiological responses of species are

crucial for tolerance of water deficit and, by extension, the

use of drought-tolerant trees is one of the potentially most

effective strategies to restore degraded areas of the

‘‘Caatinga’’.

Depending on the species exposed to water stress,

stomatal conductance can dramatically decrease after roots

produce and transfer chemical signals to the leaves

(Schachtman and Goodger 2008). Consequently, biomass

accumulation is impaired since stomatal resistance limits

photosynthesis (Kauser et al. 2006). Thus, decreases in

intercellular CO2 concentration lead to the reduction of

CO2 diffusion to chloroplast, which negatively affects net
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C. Simões, Av. Lourival Melo Mota, s/n Tabuleiro dos

Martins, Maceió, AL, Brazil
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CO2 assimilation rates (Chaves et al. 2002; Tang et al.

2002). The reduction of leaf expansion under stressful

conditions may also be beneficial to plants under drought

stress, limiting transpiration rates but reducing biomass

production by plant (Mahajan and Tuteja 2005). The

relationship between water use and carbon gain at the leaf

level thus largely determines plant performance and com-

petitive advantage of tolerant species to water stress

(Craven et al. 2013). Certainly, opening and closing con-

trols of stomata by plants particularly result in specific

performance of water-use efficiency by different plants

species.

Photosynthetic limitations in response to water stress

and high radiation may cause damage to the thylakoid

membranes of chloroplasts, negatively affecting the pro-

cess of electron transfer in photosystem II (Pospisil 2009;

Santos et al. 2013). As a result, a decrease in quantum yield

efficiency commonly occurs during the hottest hours of the

day under condition of moderately excessive light—a

phenomenon known as dynamic photoinhibition (Casaroli

et al. 2007). In this case, transformation of excess light

energy into heat and its dissipation represent a protective

mechanism (Santos et al. 2013). However, the conse-

quences of periodic light stress might be further exacer-

bated if plants are submitted to scarce rainfall. The average

‘‘Caatinga’’ rainfall is around 500–750 mm year-1, usually

concentrated during 3–5 months in a year (Machado et al.

2006). In contrast to dynamic photoinhibition, the plant

photosystem cannot recover overnight from excessive solar

radiation, significantly decreasing efficiency of photosyn-

thesis and indicating chronic photoinhibition (Casaroli

et al. 2007).

We investigate the responses of three ‘‘Caatinga’’ tree

species—Hymenaea courbaril L. (Fabaceae), Tabebuia

aurea (M) B. & H. f. ex S. M. (Bignoniaceae), and Bau-

hinia monandra (Fabaceae)—to drought stress, focusing on

photosynthetic activity and dissipation of energy, the

water-use efficiency and the biomass allocation for differ-

ent parts of trees, and the ability to recover after water

stress. Based on our preliminary observations, we assumed

that drought stress would alter the tree’s growth and pho-

tosynthesis. Some ‘‘Caatinga’’ plant species have specific

ecophysiological capacities to assimilate carbon and

maintain productivity and biological functions even in dry

and warm season.

Materials and methods

Species

The species were selected based on field observations that

indicated that they had high capacity to grow under scarce

rainfall and survive under drought conditions. Hymenaea

courbaril L. (Fabaceae) has wide geographical distribution

especially in nuclei of seasonally dry forest in Brazil

(Souza et al. 2014). Tabebuia aurea (M) B. & H. f. ex S.

M. (Bignoniaceae) has a wide distribution in tropical and

subtropical regions of American Continent (Lorenzi 1992).

Bauhinia monandra (Fabaceae) is commonly found in

West of Africa and India, but it is grown and traditionally

used for diabetes treatment in Brazil (Dalziel 1995).

Experimental site and plant material

We collected seeds of Tabebuia aurea (Bignoniaceae),

Hymenaea courbaril (Fabaceae), and Bauhinia monandra

(Fabaceae) from the ‘‘Caatinga’’ biome (9�2104900,
37�1405400). Selected seeds were germinated in soil in

plastic trays under natural, ambient temperature and light

conditions in the nursery. After 6 months, we transferred

22 seedlings of each species into 22-L plastic pots (one

plant per pot) containing 20 kg of soil as substrate. Young

plants were grown between October 2013 and April 2014

under greenhouse conditions (9�2800200, 35�4904300). We

irrigated the seedlings daily during growing period. Aver-

age of the maximum temperature at greenhouse during the

experiment was around 36 �C, while the minimum tem-

perature was around 25 �C. The averages of relative

humidity (RH) and radiation were about 67 % and 95 W

(m2)-1, respectively (Fig. 1).

Water deficiency treatments

The seedlings were allowed to undergo three phases of

water stress and recovery: (1) Irrigated plants: plants

receiving daily irrigation; (2) Drought-stressed plants:

plants subjected to water deficit by suppressing irrigation

until photosynthesis reached zero; and (3) re-watered

plants: drought-stressed plants were re-watered until car-

bon assimilation rates reached those values of irrigated

plants. All seedlings were irrigated to 100 % field capacity

before drought treatment was begun. Then, one group of

plants was subjected to a water stress. From a total of 66

plants, 33 plants (11 from each species) were submitted to

drought stress by suppressing irrigation. Photosynthesis

was assessed daily until its values reached zero. Plants

were then re-watered, and when photosynthesis reached

values of continuously irrigated plants, we assumed that

plants were recovered from water stress. Leaf water status,

chlorophyll index (SPAD), and chlorophyll fluorescence

were measured on (1) the first day (all plants well irri-

gated); (2) during the water-stress period; and (3) at the end

of experiment when plants had completely recovered from

stress. Total dry mass and leaf area were also obtained at

the end of the experiment. Soil-water potential was
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determined using a WP4 Dewpoint potential meter

(Decagon devices Inc. Pullman, WA, USA) (Table 1).

Monitoring gas exchange

Gas-exchange analysis was carried out daily using infrared

CO2 gas analyzer (LICOR, Li-6400xt). Leaf gas exchange

was measured in a mature leaf from the middle of plant at

1000 lmol PPFD m-2 s-1 from 10:00 to 11:30 AM. The

water-use efficiency was calculated as A/gs (Osmond et al.

1980). We used 36 plants in our study for performing gas-

exchange analysis because of feasibility constraints of

using 66 plants.

Leaf dry mass and leaf area

The total leaf biomass was obtained at the end of the

experiment, after drought-stressed plants had completely

recovered from water deficit stress. Dry mass was mea-

sured after drying leaves for 3 days at 70 �C. Leaf area was

determined using an area meter (LICOR, LI-3100).

Leaf water status, SPAD, and chlorophyll

a fluorescence

We measured water tension in the xylem, SPAD, and

maximum quantum yield at three time periods: (1) before

exposing the plants to drought stress; (2) at the point of

maximum stress; and (3) after the water-stressed plants had

recovered. Predawn leaf water potential was measured

before sunrise during 03:30–04:00 AM using a Scholander

pressure chamber (Soilmoisture Equipment).The SPAD

index was estimated using a hand-held chlorophyll content

meter (SPAD-502, Minolta, USA). Maximum quantum

efficiency of PSII (Fv/Fm) was determined after 20 min of

leaf dark adaptation period using the saturation pulse of

actinic light (8000 lmol m-2 s-1) of modulated fluorom-

eter (PAM 2500).

Statistical analysis

We used a completely randomized design with three spe-

cies, two treatments (control well-watered plants and

drought stressed by withholding irrigation), and 11 repli-

cations for each treatment (except for gas-exchange anal-

ysis where we used six replications). Data recorded were

according to the Normal distribution as verified by Lil-

liefors test and were subjected to analysis of variance

Fig. 1 a Relative air humidity, b air temperature, and c photosyn-

thetically active radiation intensity (PAR) values in the greenhouse

during the period of the experiment

Table 1 Water potential of soil of Bauhinia monandra, Tabebuia

aurea, and Hymenaea courbaril collected at a depth of 10 cm in pots

of plants induced to well-watered plants (Irrigated), subjected to water

deficit (Stressed), and re-watered (Recovery) ± Standard Deviation

(SD)

Species Treatment Control ± SD Stressed ± SD

B. monandra Irrigated -0.09 ± 0.04 -0.07 ± 0.02

Stressed -0.02 ± 0.02 -1.82 ± 0.78

Recovery -0.04 ± 0.01 -0.06 ± 0.02

H. courbaril Irrigated -0.02 ± 0.02 -0.16 ± 0.03

Stressed -0.06 ± 0.02 -9.54 ± 5.72

Recovery 0.09 ± 0.03 -0.13 ± 0.03

T. aurea Irrigated -0.05 ± 0.03 -0.15 ± 0.03

Stressed -0.04 ± 0.05 -9.67 ± 3.29

Recovery -0.15 ± 0.02 -0.11 ± 0.03

Each value represents the mean of 11 replicates
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(ANOVA) to determine any differences among drought

treatments. Means were compared by Tukey’s test. Anal-

ysis of variance (ANOVA) for repeated measures was

applied, and results from treatments showing significant

overall changes were subjected to post hoc Tukey’s test

and regression analysis. Statistical analyses were per-

formed by means of version 7.0 of statistical software

packages (StatSoft Inc., Tulsa, OK, USA).

Results

Gas exchange

For all species, irrigated plants showed different responses

compared with those plants submitted to water deficiency

and rehydration. Drought stress drastically decreased pho-

tosynthesis, but with different intensities between species

(Fig. 2). Bauhinia monandra and T. aurea were more

sensitive to water deficiency (fifth day) than H. courbaril

(fifteenth day). Photosynthesis decreased to around zero

after 13 days in B. monandra, 20 days in T. aurea, and

25 days in H. courbaril. Nevertheless, after rehydration,

the recovery of photosynthesis occurred after 4, 7, and

8 days in B. monandra, H. courbaril, and T. aurea,

respectively. The treated seedlings showed recoveries of gs

and E, but WUE was not statistically different (Tables 2

and 3).

Leaf dry mass and area

Growth was affected by water stress in two of the three

species. We observed that in B. monandra and T. aurea, leaf

dry mass and leaf area decreased significantly after a short

period of water deficiency, 13 and 20 days, respectively

(Table 4). Water-stress-sensitive species lost leaves as a

strategy to tolerate drought, although this negatively affec-

ted leaf area and biomass. This result was not observed for T.

aurea (data not shown). H. courbaril grown during 25 days

under water deficiency showed no decrease in total leaf area

or dry mass in comparison with control plants.

Leaf water status, SPAD, and chlorophyll

a fluorescence

Plants’ leaf water potential decreased significantly at critical

periods compared with control, with a reduction of around

77 % in the predawn and 52 % at noon for B. monandra, and

86 % in the predawn and 69 % at noon in T. aurea (Fig. 3).

Tabebuia aurea presented the lowest values 20 days after

the beginning of the experiment compared to 13 days for B.

monandra. The average water potentials were around -2.5

and -4.0 MPa in leaves of B. monandra and T. aurea,

respectively. Stressed plants showed a different rehydration

response, achieving similar values to those of the irrigated

plants at the end of the experiment. Leaves of H. courbaril

have a short petiole, and determination of leaf water

potential was therefore not feasible.

Seedlings of H. courbaril maintained their chlorophyll

content index unchanged under water stress. In contrast, in

B. monandra and T. aurea, the SPAD index decreased with

water deficiency, but recovered when plants were rehy-

drated (Table 5). The predawn maximum quantum effi-

ciency of PSII (Fv/Fm) varied during the water-stress period

in all species. There was a small reduction of Fv/Fm from 8

to 12 % in the driest conditions, recovering to control

values by the end of the experiment.

Discussion

Bahuinia monandra, T. aurea, and H. courbaril are

potentially important tree species in the ‘‘Caatinga’’, since

they may be useful for restoration of degraded and defor-

ested areas. Our data suggest that drought-induced changes

Fig. 2 Net photosynthesis in a Bauhinia monandra, b Tabebuia

aurea, and c Hymenaea courbaril grown under constant irrigation

(control) and water restriction until photosynthesis was approaching

zero (stressed plants) and then rehydrated
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in physiological parameters depend on to the species con-

sidered, even when all of those species show clear adap-

tations to living in semi-arid environments. Decrease in dry

mass and total leaf area in young plants subjected to water

stress revealed that water deficiency adversely affects

vegetative growth of B. monandra and T. aurea in com-

parison with irrigated plants, but not in the case of H.

courbaril.

Besides effects on growth, the physiological responses

to water stress of the three experimental species can be

perceived through alterations of gas exchange, chlorophyll

index, and chlorophyll a fluorescence. It is noteworthy that

plants of ‘‘Caatinga’’ are well adapted to periodic low

water availability during about 9 months in the year. To

survive under these drastic conditions, they have developed

Table 2 Relation of

A (photosynthesis), gs (stomatal

conductance), E (transpiration

rate), and WUE (instantaneous

water-use efficiency), and time

periods in Bauhinia monandra,

Hymenaea courbaril, and

Tabebuia aurea under water

deficiency

Species Parameter Control Stressed Number of days

r2 b P r2 b P

B. monandra A 0.6358 -0.4162 \0.01 0.4984 0.6138 \0.05 9

gs ns 0.4442 0.0158 \0.05

E ns 0.3865 0.1553 \0.05

WUE ns ns

H. courbaril A ns 0.9137 1.9914 \0.001 8

gs ns 0.8371 0.0340 \0.01

E 0.5049 -0.1892 \0.05 0.7326 0.3191 \0.01

WUE ns ns

T. aurea A 0.4356 0.2131 \0.01 0.8929 0.7872 \0.001 13

gs ns 0.6502 0.0208 \0.001

E 0.2813 0.1118 \0.05 0.4698 0.1845 \0.01

WUE ns ns

r2 coefficient of determination, b slope, P probability value, and ns nonsignificant (n = 6 replicates)

Table 3 Relation of A

(photosynthesis), gs (stomatal

conductance), E (transpiration

rate), and WUE (instantaneous

water-use efficiency) and time

periods in Bauhinia monandra,

Hymenaea courbaril, and

Tabebuia aurea under water

deficit

Species Parameter Control Stressed Number of days

r2 b P r2 b P

B. monandra A ns 0.7749 -0.5563 \0.001 13

gs ns 0.5236 -0.0119 \0.01

E ns 0.5117 -0.1265 \0.01

WUE ns Ns

H. courbaril A ns 0.7449 -0.5809 \0.001 25

gs ns 0.7055 -0.0123 \0.001

E ns 0.6846 -0.1183 \0.001

WUE ns Ns

T. aurea A ns 0.8233 -0.7539 \0.001 20

gs ns 0.5723 -0.0193 \0.001

E ns 0.6255 -0.1549 \0.001

WUE ns Ns

r2 coefficient of determination, b slope, P probability value, ns nonsignificant (n = 6 replicates)

Table 4 Comparative data on total leaf area and leaf dry mass of

Bauhinia monandra, Tabebuia aurea, and Hymenaea courbaril plants

grown under well-watered conditions (control), subjected to drought

stress (stressed plants), and then re-watered

Treatment Species Leaf area (mm2) Leaf dry mass (g)

Control B. monandra 3399.40 ± 1177 Aa 12.5 ± 4.05 Aa

H. courbaril 2053.16 ± 1071 Ab 16.2 ± 6.83 Aa

T. aurea 3572.26 ± 747 Aa 32.8 ± 4.16 Ab

Stressed B. monandra 1368.07 ± 730 Ba 5.31 ± 2.09 Ba

H. courbaril 1864.52 ± 459 Aa 14.5 ± 3.33 Ab

T. aurea 2176.72 ± 949 Ba 19.5 ± 9.00 Bb

Each value represents the mean of ±11 replicates. Values followed by

the same letter indicate no significant difference at P\ 0.05 level

according to the Tukey’s test
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a range of different physiological and morphological

adaptations.

Dombroski et al. (2011) demonstrated that, in the

middle of the dry season, predawn and mid-day leaf water

potentials were different in adults of six ‘‘Caatinga’’ tree

species (Mimosa caesalpiniifolia Benth., Caesalpinia

pyramidalis Tul., Auxemma oncocalyx (Allemão) Taub.,

Caesalpinia ferrea Mart. ex Tul. var. ferrea, Calliandra

spinosa Ducke, and Tabebuia caraiba (Mart.)). The leaf

water potentials at predawn were around -3.0 MPa for M.

caesalpiniifolia and -2.5 MPa for C. pyramidalis and A.

oncocalyx. C. spinosa, C. ferrea, and T. caraiba showed

lower values of -1.5, -1.0, and -0.5 MPa, respectively.

As observed in our study, T. aurea showed values of

leaves’ water potentials around -4.0 MPa showing supe-

rior drought tolerance compared to plants studied by

Dombroski et al. (2011). However, B. monandra showed

leaf water potential values similar to those of Caesalpinia

pyramidalis and Auxemma oncocalyx. It is noteworthy that

plants studied by Dombroski et al. (2011) were adult

individuals growing in natural environmental conditions,

and it is therefore possible that they could acquire water

from deep in the soil.

Fig. 3 Water potential in leaves

of a Bauhinia monandra and

b Tabebuia aurea grown under

constant irrigation (control) and

water restriction until

photosynthesis approached to

zero (stressed plants) and

subsequently rehydrated

Table 5 Relative chlorophyll

contents (SPAD index) and

maximum quantum efficiencies

of PSII (Fv/Fm) at

predawn period of Bauhinia

monandra, Hymenaea

courbaril and Tabebuia aurea

grown and daily watered

(Irrigated), induced to drought

stress (Stressed plants), and re-

watered (Recovery plants)

Parameter Species Treatment Control ± SD Stressed ± SD

Fv/Fm B. monandra Irrigated 0.73 ± 0.02 Aa 0.74 ± 0.01 Aa

Stressed 0.75 ± 0.02 Ab 0.65 ± 0.09 Bb

Recovery 0.78 ± 0.02 Ac 0.78 ± 0.01 Aa

H. courbaril Irrigated 0.76 ± 0.02 Aa 0.76 ± 0.03 Aa

Stressed 0.80 ± 0.01 Ab 0.67 ± 0.09 Bb

Recovery 0.77 ± 0.04 Aab 0.77 ± 0.02 Aa

T. aurea Irrigated 0.78 ± 0.01 Aa 0.78 ± 0.02 Aa

Stressed 0.80 ± 0.01 Ab 0.71 ± 0.07 Bb

Recovery 0.79 ± 0.01 Aa 0.79 ± 0.01 Aa

SPAD

index

B. monandra Irrigated 34.9 ± 2.8 Aa 32.0 ± 3.1 Aa

Stressed 34.0 ± 2.4 Aa 27.8 ± 2.5 Bb

Recovery 34.4 ± 3.1 Aa 31.2 ± 1.4 Aa

H. courbaril Irrigated 46.0 ± 4.0 Aa 48.8 ± 5.0 Aa

Stressed 48.5 ± 4.5 Aa 46.2 ± 3.8 Aa

Recovery 47.7 ± 3.1 Aa 47.5 ± 2.7 Aa

T. aurea Irrigated 48.0 ± 2.2 Aa 49.9 ± 2.9 Aa

Stressed 49.3 ± 2.2 Aa 45.1 ± 4.5 Bb

Recovery 48.4 ± 2.9 Aa 50.2 ± 4.3 Aa

Each value represents the mean of 11 replicates and Standard Deviation (SD). Values in the same line

followed by the same letter indicate no significant differences at P\ 0.05 level according to the Tukey’s

test
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We observed that B. monandra not only rapidly

decreased photosynthesis in response to reduction of stom-

atal conductance, but also rapidly lost leaves (data not

shown). Such a leaf-loss strategy was not observed in T.

aurea and H. courbaril, although these two latter species

had reduced their growth. Under natural conditions in the

‘‘Caatinga’’, some plants lose their leaves in the dry season

(Sampaio 1995), presumably as an adaptation to prevent

excessive water loss. Such a strategy has been observed for

young plants of Swietenia macrophylla King subjected to

drought in greenhouse conditions (Cordeiro et al. 2009).

Likewise, Acacia tortilis (Forsk) Hayne ssp. raddiana (Savi)

Brenan grown under water-stressed conditions showed a

marked decrease in leaf water potential, leaf number, dry

mass, shoot length, and total leaf area (Kebbas et al. 2015).

Low levels of photosynthesis, as the consequence of

drought stress, led to a decrease in plant growth in our

experimental seedlings. In this case, the decrease in dry

mass is strongly affected by the leaf loss, which negatively

affected carbon assimilation. Although a reduction in pho-

tosynthesis limits plant growth, higher level of transpiration

are unlikely to be suitable for plants growing in semi-arid

areas. The reduction in photosynthesis as a consequence of

limited stomatal conductance is thought to be one of the

main mechanisms of tolerance to water deficiency in plants

from the ‘‘Caatinga’’ (Souza et al. 2010). Stomata are known

to respond both to soil and atmosphere moisture, and the

efficiency of the stomatal conductance response is crucial to

avoid water-stress damage (Tominaga et al. 2014). Plants

can respond to water scarcity over different time periods, as

observed in B. monandra, T. aurea, and H. courbaril.

Photosynthesis was found to rapidly recover in all the

three studied species, although B. monandra showed to

recover most rapidly. Similar to our results, after water

deficiency, another species of the same genus, Bauhinia

forficata Link rapidly recover photosynthetic rates when

soil-water availability was reestablished (Sanches and

Silva 2013). According to Sanches and Silva, photosyn-

thetic activity is strongly dependent on the soil-water

availability, as was also observed in our work. Similarly,

Khaya ivorensis A. Chev. (African Mahogany) (Albu-

querque et al. 2013) and T. aurea (Oliveira et al. 2011)

under water deficiency also quickly recovered pre-stress

levels of photosynthesis after rewatering. Our results

reinforce the dependence of photosynthesis of the tree

species studied here on water availability.

Hymenaea courbaril retained its chlorophyll content,

while the values of chlorophyll significantly decreased in

B. monandra and T. aurea. Bauhinia monandra seedlings

lost their leaves at higher leaves’ water potentials com-

pared with T. aurea leading to reduction of gas exchange.

In addition, chlorophyll fluorescence showed the effect of

water stress on H. courbaril photosynthesis. Negative

effects of photoinhibition can be caused by light intensity

alone, but a combination of this factor plus high tempera-

ture and water deficiency and CO2 supply can cause even

more drastic impacts (Ribeiro et al. 2008). Values of Fv/Fm

decreased under drought conditions, but seedlings recov-

ered after rehydration, indicating reduction of photo dam-

age in PS-II reaction centers.

Hymenaea courbaril had a reduced value of Fv/Fm, but

not of chlorophyll content as in B. monandra and T. aurea.

It was anticipated that changes in chlorophyll content

would be seen shortly after changes in photosynthesis,

since stomatal apertures would be reduced. Such a result

suggests that H. courbaril employs distinct drought-toler-

ance strategies to maintain ecological function during

water stress. Nevertheless, in the case of H. courbaril, Fv/

Fm reduction can be related to photochemical events

occurring after light harvesting by PS-II reaction centers.

Chlorophyll reduction together with Fv/Fm were adopted as

an acclimation strategy by the other two tree species, but

reduced photosynthesis levels (probably associated with

metabolic damage) were observed under water-stress con-

ditions. In H. courbaril, a reduction of photosynthesis

preceded changes in leaf area (data not shown) and plant

growth, and chlorophyll loss preceded loss of leaves.

Stomatal limitations induced by water deficiency

decrease gas exchange, but light harvesting does not.

Hence, further damage to the membranes of photosynthetic

proteins are reduced by lower level of chlorophyll light-

harvesting systems, limiting the formation of oxygen rad-

icals (Kranner et al. 2002; Husen et al. 2014). Bauhinia

monandra and T. aurea completely recovered chlorophyll

content by the end of the experiment.

In conclusion, drought differentially affected the vege-

tative growths of seedlings of the drought-resistant ‘‘Caa-

tinga’’ trees: B. monandra, T. aurea, and H. courbaril. A

reduction of soil moisture decreased the gas exchange, but

leaves were positively acclimated by reducing chlorophyll

content (B. monandra and T. aurea) and harvesting of light

thereby protecting the photosynthetic reaction. However,

H. courbaril did not reduce chlorophyll contents, and fur-

ther studies are needed to understand the strategies of

growth of this species under drought conditions.
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