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ABSTRACT

Aim: The purpose herein was to quantify the ecophysiological exchanges of eggplants cv. Embu
(Solanum melongena L.) conducted with and without Meloidogyne javanica.

Study Design: The experimental design has completely randomized with two groups of plants (with
and without soil infestation) with five replications and two plants per pot (treatment).

Place and Duration of the Study: The experiment has carried out at the Agrarian Sciences Center
of the Federal University of Paraiba, Areia, PB, between October to December, 2017.
Methodology: The eggplant cultivar employed was ‘Embu’. lts seedlings were transplanted to 5
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dm?® pot, filled with a substrate formulated by the mixture of vegetal soil, sand, and cattle manure in
the proportion of 3:1:1.Their growth characteristics were valuated after 60 days of transplant (DAT),
when the following variables were measured: plant height; stem diameter; leaf number; flower
number; and aerial part, root, and total dry masses; and Dickson quality index. Gas exchange
evaluations were performed between 7:00 a.m. to 5:00 p.m. The level of chlorophyll under
fluorescence emission was measured several times.

Results: There was no significant difference for the variables, growth, fluorescence and chlorophyll
between plants with and without M. javanica inoculation, which proved that they were resistant to
the population level to which they were encountered. Plants inoculated with M. javanica, there was a
greater increase of the CO, assimilation rate and in the carboxylation efficiency.

Conclusion: Therefore, we can say that these plants have mechanisms to control their
photosynthetic activities, which make them resistant to M. javanica stress, avoiding growth

damages.

Keywords: Root-knot nematodes; gas exchange, physiological behavior.

1. INTRODUCTION

Eggplant (Solanum melongena L.) is a species
that belongs to the Solanaceae botanical family.
It originated from countries of tropical eastern
regions, such as China and India, presenting an
elevated economic importance due to its
nutraceutical properties [1]. The increasing
demand of the consumer for this vegetable is
noteworthy. One of the possible explanations for
such increase is that, besides the fact that
consumers are searching for healthier products,
eggplants have proven nutritional and medicinal
properties [2]. Additionally, eggplants contain
lowering cholesterol compounds and are widely
used as an alternative treatment for plasma
cholesterol [3,4].

Generally, vegetables are usually affected by
diseases caused by phytopathogenic
microorganisms [5]. Although considered a tough
species, eggplants are sensible to pathogens
attacks, which, without proper care or control,
may cause damages and change the final
product quality [6].

The main features of nematodes of the genus
Meloidogyne are the formation of knots in the
cultures’ root system. Especially in the eggplant
culture, they have already become one of the
most important pathogens due to their nature of
difficult control [7]. When conducted under high
population densities, the cultures’ photosynthetic
rate, growth, and production tend to decrease [8].

Before these facts, there is little information
about the olerocarpa plant's physiological
activity, especially eggplants, under the influence
of soil pathogens, which justifies this research.
There is also little information on the behavior of
plants in their different phenological stages when

exposed to different root-knot nematode

population densities.

This information may be useful for the culture
genetic improvement regarding these pathogens
attack due to their nature of difficult control.
Therefore, the purpose herein was to quantify the
ecophysiological changes of eggplants (Solanum
melongena L.) conducted with and without
Meloidogyne javanica.

2. MATERIALS AND METHODS

The research has carried out in a greenhouse
belonging to the Department of Plant Science
and Environmental Sciences of the Federal
University of Paraiba, UFPB, located in the city
of Areia, Paraiba, Brazil.

The experimental design was completely
randomized with two groups of plants (with and
without nematode soil infestation) with five
replications and two plants per pot. In order to
obtain the inoculum, root-knot nematode,
Meloidogyne  javanica population  was
maintained and multiplied on tomato plants
(Solanum lycopersicum L. var. Santa Clara),
were grown in pots with a capacity of 2 dm® of
ravine soil and sand (2:1), and maintained in a
greenhouse during the period of 70 days.

The eggs extraction was performed according to
the methodology suggested by Hussey and
Barker [9] and adapted by Boneti and Ferraz [9].
The aerial part of the tomato plants was
separated from its root system, and the roots
were washed, cut, and ground in a blender in a
0.5% sodium hypochlorite (NaClO) solution at
low rotation for 20 seconds. The solution was
refined through 200- and 500-mesh (holes of 74
and 26 mm, respectively) sieves. The contents of




the 500-mesh sieve were washed with water to
remove all sodium hypochlorite, collected in a
beaker, and quantified with the assistance of an
optical microscope. Then, the soil has been
inoculated with 6,000 Meloidogyne javanica eggs
per pot (experimental unit).

Eggplant cultivar employed was Embu (Feltrin®).
The seedlings were produced in polyethylene
trays with a commercial substrate (Basaplant®).
Three seeds were sown per cell, and the excess
seedlings were removed after their emergence.
The transplant was performed when the
plants reached 10-15 cm height, and the
seedlings were transplanted to 5 dm?® pots,
filled with a substrate formulated by the
mixture of vegetal soil, sand, and cattle manure
in the proportion of 3:1:1, pre-sterilized in an
autoclave under the temperature of 120°C and 1
atm of vapor pressure for 2 hours. The irrigations
were performed whenever necessary,
maintaining the soil moisture close to the field
capacity.

The growth characteristics were evaluated after
60 days of transplant (DAT), when the following
variables were measured: plant height, using a
ruler graduated in centimeters, measuring from
plant base to its apical bud; stem diameter,
performed with the assistance of a digital caliper,
whose results are expressed in mm. Leaf
number was established by counting the leaves,
considering photosynthetically active leaves;
flower bud number was established by counting
the number of buds found on the plant. The
aerial part, root, and total dry masses were
measured at the end of the experiment
through the separation of the aerial and
radicular parts at the level of the plant’s base,
which was stored in Kraft paper bags and
dried in a forced air circulation muffle until
they reach a constant weight. Then, they
were weighed in a 0.001g accuracy analytical
scale. The total dry mass was determined
through the sum of the aerial part and root dr
masses. The results were expressed in g plant™;
the Dickson quality index was established by the
plant height (H), stem diameter (SD), aerial part
and root dry masses, according to Dickson et al.
[10].

B TDM
" H(cm)/SD (mm) + APDM (g) / RDM (g)

DQI

Where: TDM = total dry mass; H = height; SD =
stem diameter; APDM = aerial part dry mass;
RDM = root dry mass.
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Physiological evaluations were performed on the
third leaf from the apex, from 7:00 a.m. to 5:00
p.m., with 2-hour intervals, totalizing six
evaluations. The infrared gas analyzer (IRGA, LI-
COR® 6400-XT, Lincon, USA) was employed to
evaluate the CO, assimilation rate (A) gumol CO,
m? s™), transpiration (mmol H,0 m? s™), internal
CO, concentration (iC) (umol CO, mol™),
stomatal conductance (gs) (mmol H,O m s'1),
and leaf temperature (°C). After the data
collection, the water use efficiency (WUE - A/E),
intrinsic water use efficiency (WUE - A/gs), and
carboxylation instantaneous efficiency (CIE —
A/iC) were quantified.

The chlorophyll a fluorescence emission
measurements were performed according to the
method described by Melo et al., using the OS-
30p+ (Optisci) fluorometer model, establishing
the initial (Fo), maximum (F), and variable(F, =
Fn - Fo) fluorescences, and the potential
quantum vyield of the photosystem Il (PSIl =
F./Fn). The establishment of the chlorophylls a,
b, and total chlorophyll rates was performed
using a non-destructive method with a portable
chlorophyll meter (CIorofiLOG®, model CFL
1030). The rates were given in Falker chlorophyll
index (FCI).

The data were submitted to analysis of variance,
and the means were compared by Tukey test, at
a 5% level of significance. In the significance
cases, polynomial regression analyses were
performed using the SAS University statistical
program [11].

3. RESULTS AND DISCUSSION

Generally, the Meloidogyne Javanica
density inoculated in the eggplants (Solanum
melongena L.) in the present experimental
conditions did not cause significant changes in
growth variables (Table 1). The results suggest
that the eggplant is a very tough species,
exhibiting an elevated resistance to this
pathogen.

Generally, the formation of root-knots in eggplant
roots occurs in a smaller dimension in
comparison with other plant species, such as
tomatoes (Solanum lycopersicum), chilli peppers
(Capsicum spp.), and peppers (Capsicum
annum) [7]. This, which might suggest that this
species resists certain nematode population
levels because when they infect roots, the
symptoms affect the plant's growth, which was
not observed in this study.
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Table 1. Chemical characteristics of the substrate components used in the experiment

pH P K Na© H +AI° __AI° Ca? Mg’ SB __CEC OM
L A — cmol, dm® g kg™
6.1 79.68 252.02 0.11 2.62 0.0 3.32 1.98 6.06 8.68 23.58

SB = Sum of bases; CEC = Cation exchange capacity; OM = Organic matter

Table 2. Mean values obtained for the variables plant height (PH), stem diameter (SD), leaf
number (LN), flower buds (FB), root dry mass (RDM), aerial part dry mass (APDM), total dry
mass (TDM), and the Dickson quality index (DQI) in eggplants with nematodes(WN) and
without nematodes (WON)

Variation sources

Variables analyzed

PH SD LN FB RDM APDM TDM DaQl
WN 521a 1049a 256a 10.2a 6532a 26.11a 9143a 9290a
WON 481a 1045a 222a 82a 4284a 2535a 68.19a 69.36a
CV (%) 10.53  9.90 18.47 32.96  30.21 12.67 21.67 21.71

Means followed by the same letters in the column do not differ from each other by Tukey test up to 5% of
probability

Néia et al. [12], evaluating onion (Allium cepa)
and eggplant genotypes, reported that they were
proved resistance to M. javanica, that
corroborate herewith. As for Ribeiro et al. [13],
they got different values, reporting that the
'Embu' eggplant is susceptible to this nematode,
with a great number of root-knots and eggs in its
roots. This divergence regarding the present
work may be related to that this cultivar resisted
to the M. javanica breeding used herein.

As for the variables initial, variable and maximum
fluorescences, quantum efficiency of PSlI,
variable  and initial  fluorescence ratio,
chlorophylls a, b, and total were not affected by
the soil nematode infection (Table 3).

When the F,/F, values are below 0.75 quantum'1
electrons, the plants are under stress, and when
they were between 0.75 and 0.85 quantum'1
electrons, the plants are properly performing their
photosynthetic activities [14]. A decrease in the
F./F values may be related to a deviation of part
of photons to the fluorescence pathway rather
than to the photochemical pathway. If this
happens, the plants can reduce their

photosynthetic processes. In this work, we
noticed that, based on these variables, the plants
are not under stress, which can be confirmed by
the fact that the chlorophyll index did not change
either.

This behavior might happen due to defence
mechanisms that are triggered in the plants,
mitigating or preventing that the nematode attack
cause physiological and biochemical
disturbances in the plants. The plants’ resistance
to nematodes of the Meloidogyne sp. is
developed through mechanisms that comprise

periods established during and after the
nematode penetration into the roots [15].
Plants resistance to nematodes may be

established as a series of characteristics
developed by the plant in detriment to the
parasitism, which may be manifested as
mechanical barriers, or physiological or chemical
changes, which prevent the nematodes from
entering the plant tissues [16]. The same authors
also stated that the plants can promote changes
in their life and reproduction cycles in response
to nematode attacks.

Table 3. Mean values obtained for the variables initial (F,), variable (F,), and maximum (F,)
fluorescences, quantum efficiency of PSll (F,/F,,), variable and initial fluorescence ratio (F,/F,),
chlorophyll a (Ca), chlorophyll b (Cb) and total chlorophyll (tC) in eggplants with nematodes
(WN) and without nematodes (WON)

Treatments Variables analyzed

Fo F, Fm FvIFm Fv/Fo Ca Cb tC
WN 67.00a 2356a 3026a 077a 351a 3871a 19.38a 58.09a
WON 7220a 234.0a 306.2a 0.76a 334a 3816a 20.78a 59.02a
CV (%) 13.71 6.02 2.74 4.01 15.52 3.60 14.96 6.94

Means followed by the same letter in the column do not differ by Tukey test up to 5% of probability



The resistance induction in plants to nematode
attacks consists of a series of signals that
change the parasite’s activity. These changes
are characterized by the interruption of parasitic
cycle extension, which may directly or indirectly
affect the hatching stimulus, the mobility of young
parasites, their ability to penetrate into the host
plant roots, and the maintenance of the
nematodes’ feeding sites [17]. This behavioral
characteristic may have facilitated the plants
resistance to this pathogens attack.

Based on the results, we may notice that the
values of CO, net assimilation (A), stomatal
conductance (gs), CO, internal concentration
(iC), and transpiration (E) presented a quadratic
response to the effect of different reading times
(Fig. 1). As for the CO, net assimilation, we may
notice that the greatest values were occurred in
the first reading times, both with and without
nematodes, reaching maximum values at 9:00
a.m., with 20.89 and 19.54 pmol CO, m? s™,
respectively, gradually decreasing over the day
(Fig. 1A).
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This behavior can be explained by the fact that
the temperature increase imposes a limit to the
CO, assimilation rate due to the CO, solubility
reduction and to the carboxylation reactions and
RuBisCO oxidation ratio in C3 plants, which is
the eggplant’s case [18]. We can also notice that
plants grown with nematodes presented a
greater photosynthetic rate in comparison with
the others, which justifies the statement that the
eggplant is considered a rather tough plant,
being more resistant to this type of stress than
other species of the same family, such as tomato
and pepper [19]. The fact that the plants
increased their photosynthetic processes with
nematodes can be related to the stress
acclimatization phenomenon. It gives the plants a
way to adjust their metabolic processes and deal
with the stressful situations that are imposed on
them. Similar results were reported by Mioranza
[20], where the main symptom caused by
nematodes of the genus Meloidogyne in
tomatoes was the increase of the photosynthetic
rate.

B. WON = 0.7861 - 0.04x - 0.0004x?
0.6 Rz=0.97
- WN =-0.0109x2 + 0.2264x - 0.7535

] Rz=10.82

7 9 11 13 15 17

Schedule
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7 -
")
SN
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)
£
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0 T T T T 1
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Fig. 1. Daily variation of CO, net assimilation rate (A), stomatal conductance (gs) (B), CO,
internal concentration (iC) (C),and transpiration (E) (D) in eggplants (So/anum melongena L.)
with (WN) and without (WON) nematodes
(m) with nematodes (A ) without nematodes



For the stomatal conductance, maximum values
were registered at 9:00 a.m. for plants with
nematodes, with 0.50 mol H,O m2 s'1; without
these pathogens, however, they presented the
greatest increase at 7:00 a.m., with 0.46 mol H,O
m? s, which decrease over time (Fig. 1B). This
decrease might have happened due to the
increase of temperature, which causes
stomatal closures and, consequently, the
decrease of the transpiration rate, thus avoiding
the loss of water.

According to Magalhaes Filho et al. [21], plants
perform stomatal closures as the first line of
defense when they are encountered to the same
type of stress, which happens due to both
dehydration of the guards cells and due to
hormonal response. Endres [22], while working
with Annona squamosa, got similar results, in
which the stomatal conductance was greater in
the first reading times and began to decrease
after 8:00 a.m., which, according to the same
author, might have happened due to a vapor
pressure deficit (VPD) increase.

The CO, internal concentration follows the
same stomatal conductance behavior, presenting
a significant difference between the treatments,
with maximum values of 270.32 and 270.95 pmol
CO, mol" for plants grown with and without
nematodes, respectively (Fig. 1C). This behavior,
according to Silveira et al. [23], happens because
the stomatal opening is related to the diffusion of
CO,. Machado et al. [24] also reported this
change in orange trees, in which the CO, input in
the leaf mesophyll decreased proportionally to
the stomatal conductance.

Transpiration values also presented a behavior
that was similar to the stomatal conductance,
with maximum values of 7.03 and 6.14 mmol

0.12 WON = - 0.0206 + 0.0215x - 0.0012x2
l R?=0.99
0.10
0.08 1
G 4
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H,O m? s at 11:00 a.m. in plants with and
without nematodes, respectively, which
decreased over time (Fig. 1D). Machado et al.
[24] stated that stomatal conductance is
proportional to transpiration, supporting the
hypothesis that bigger the stomatal limitation is,
the lower the transpiration rate will be.

These results are similar to those found by
Messchmidt [25], who stated that this stress can
increase the production of abscisic acid (ABA) in
the culture root system, and that this signal can
be transmitted to the aerial part, which will cause
the stomatal closure, promoting a decrease in
the photosynthesis, transpiration, and stomatal
conductance rates.

The values for carboxylation instantaneous
efficiency (CiE), water use efficiency (WUE),
intrinsic water use efficiency ((WUE), and leaf
temperature (LT) were also adjusted to the
quadratic effect (Fig. 2). As for carboxylation
efficiency, the results were similar to CO,
assimilation and intracellular CO, concentration,
which presented greater increases at 7:00 a.m.
for plants grown with nematodes, with 0.10 ymol
m?2 s'1, and at 9:00 a.m. for plants 1grown without
nematodes, with 0.07 ymol m? s , respectively
(Fig. 2A). Ferraz et al. [26] reported that this
behavior might have occurred due to the
increases in the assimilation and intracellular
CO, rates. This CO, fixation efficiency plays an
important role in the vegetables’ growth and
aptitude [27].

Water use efficiencies behaved similarly over the
day, with maximum increases at the end of the
afternoon (Fig. 2B and 2C, respectively).lt may
be a reflection of the stomatal closure registered
during the reading. Machado Filho et al. [28],
working with papaya under field conditions, also
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Fig. 2. Daily variation of carboxylation instantaneous efficiency (CiE) (A), water use efficiency
(WUE) (B), water use intrinsic efficiency (WUIE) (C), and leaf temperature (LT) (D) in eggplants
(Solanum melongena L.) with (WN) and without (WON) nematodes
(m) with nematodes (A ) without nematodes

reported values that are similar to the one
presented in this study for water use intrinsic
efficiency.

Foliar temperature presented a different behavior
between plants grown with and without
nematodes: the plants grown without nematodes
usually had higher leaf temperatures in
comparison with the others (Fig. 2D). We should
be very careful while measuring it because this
factor can represent a limiting factor for the
photosynthetic process, that, extremely high leaf
temperatures limit the RuBisCO activity [29]. Its
oxygenase activity is increased at higher
temperatures at the carboxylase activity
expense, thus, increasing the photorespiration
process and CO, loss.

4. CONCLUSION

e The presence of Meloidogyne javanica did

not affect the eggplant (Solanum
melongena L.) growth and flowering
characteristics, as well their quantum

efficiency of PSII, chlorophylls a, b, and
total. However, it promoted their CO, net
assimilation and carboxylation efficiency
increase.

e Therefore, we can state that these plants
have mechanisms to control their
photosynthetic activities, which make them
resistant to M. javanica stress, avoiding
growth damages.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Bardiviesso EM, Costa E, Barcelos MN,
Bardiviesso DM, Murakami LF. Eggplant
green growth in different substrates.
Revista de Agricultura Neotropical. 2014;
1(1):17-25. Portuguese.
Avaliable:https://periodicosonline.uems.br/i
ndex.php/agrineo/article/view/217

2. Antonini ACC, Robles WGR, Tessarioli
Neto J, Kluge RA. Yield potential of
eggplant cultivars. Horticultura Brasileira.
2002;20(4):646-648. Portuguese.
Avaliable:http://www.scielo.br/pdf/%0D/hb/
v20n4/14510.pdf

3. Gongalves MCR, Diniz M, Borba J, Nunes
XP, Barbosa Filho JM. Eggplant (Solanum
melongena L.) - myth or reality in the fight
against the dislipidemy? Brazilian Journal
of Pharmacognosy. 2006;16(2):252-257.
Portuguese.
Avaliable:http://www.scielo.br/pdf/rbfar/v16
n2/v16n2a20

4. Soares KA, Resende A, Silva Junior W,
Itaia N, Pandolfo C. Evaluation of the effect
of eggplant meal (Solanum melongena L.)
on rodents (Rattus norvergicus) on
glucose, total cholesterol and triglyceride
levels. Ensaios e Ciéncia: Ciéncias
Biolégicas, Agrarias e da Saude 2012;
16(6):9-26. Portuguese.
Avaliable:http://dx.doi.org/10.17921/1415-
6938.2012v16n6p%25p

5. Filgueira FAR. New olericulture manual:
Modern agro-technology in the production
and commercialization of vegetables.
Vigosa, UFV, 32 ed. rev. e ampl. 2012;
421. Portuguese.




10.

11.

12.

13.

14.

Pinheiro JB. Control of soil diseases in
eggplant cultivation. Field & Business.
2016;4. Portuguese.

Avaliable:https://ainfo.cnptia.embrapa.br/di
gital/bitstream/item/144390/1/digitalizar008

5.pdf
Pinheiro JB, Carvalho ADF, Pereira RB,
Rodrigues Cs. Occurrence and

management of nematodes in the culture
of jil6 and eggplant. Brasilia: Embrapa.
(Embrapa, Technical Circular, 125). 2013;
8. Portuguese.
Avaliable:https://www.infoteca.cnptia.embr
apa.br/bitstream/doc/960522/1/ct127.pdf
Santamaria A, Silva TM, Ruiz JGCL,
Martinelli PRP, Costa RSS. Control of
Meloidogyne incognita, in the eggplant,
using nematophagous fungi. Science and
Technology Innovation in  Agronomy.
2017;1(1):63-71. Portuguese.
Avaliable:http://unifafibe.com.br/revistasonl
ine/arquivos/revistastia/sumario/51/130920
17131417 .pdf

Boneti JIS, Ferraz S. Modification of the
Hussey and Barker method for extraction
of Meloidogyne exigua eggs from coffee
roots. Fitopatologia Brasileira. 1981;6(3):
553. Portuguese.

Dickson A, Leaf AL, Hosner JF. Quality
appraisal of white spruce and white pine
seedling stock in nurseries. Forestry
Chronicle. 1960;36:10-13.
Avaliable:https://doi.org/10.5558/tfc36010-
1

Cody R. An Introduction to SAS University
Edition. SAS Institute; 2015.

Noia NRC, Peroni AJ, Davalo MJ,
Martinelli PRP. Onion genotype
hospitability to Meloydogyne javanica and
Pratylenchus brachyurus. Cientifica. 2016;
44(4):538-542. Portuguese.
Avaliable:http://dx.doi.org/10.15361/1984-
5529.2016v44n4p538-542

Ribeiro APO, Marra BM, Freitas LG, Picoli
EAT, Silva DJH, Otoni WC. Reaction of
transgenic with orizacystatin gene to
Meloidogyne spp. Nematologia Brasileira.
2004;28(2):223-226. Portuguese.
Avaliable:http://docentes.esalq.usp.br/sbn/
nbonline/0l%20282/223-226%20pb.pdf
Silva FG, Dutra WF, Dutra AF, Oliveira IM,
Filgueiras L, Melo AS. Gas exchange and
chlorophyll fluorescence of eggplant grown
under different irrigation depths. Revista
Brasileira de Engenharia Agricola e
Ambiental. 2015;19:946-952. Portuguese.

Figueiredo et al.; JEAI, 23(4): 1-9, 2018; Article no.JEAI.41523

15.

16.

17.

18.

19.

20.

21.

22.

23.

Avaliable:http://10.1590/1807-
1929/agriambi.v19n10p946-952

lto LA, Gaion LA, Galatti FS, Braz
LT, Santos  JM. Resistance  of
cucurbita rootstocks to nematodes and
compatibility of grafting with net melon.
Horticultura Brasileira. 2014;32(3):297-
302. Portuguese.
Avaliable:http://dx.doi.org/10.1590/S0102-
05362014000300010

Silva GS, Ferraz S, Santos JM. Attraction,
penetration and development of
Meloidogyne javanica larvae on roots of
Crotalaria spp. Nematologia Brasileira.
1989;13:151-163. Portuguese.

Cook R. Resistance in plants to cyst and
root-knot nematodes. Agricultural Zoology
Reviews. 1991;4:231-239.

Taiz L, Zeiger E, Moller IM, Murphy A.
Physiology and Plant Development. 6.
ed. Porto Alegre: Artmed. 2017;858.
Portuguese.

Reis A, Boiteux LS, Lopes CA. Diseases of
eggplant in Brazil. Brasilia: Embrapa.
(Embrapa, Technical Circular, 97). 2011;8.
Portuguese.

Mioranza TM. Physiological responses and
control of Meloidogyne incognita in tomato
plants treated with ultradiluted solutions of
Thuya occidentalis. 2015. 60 f. Dissertation
- Agronomy Course, State University of
Western Parana, Marechal Céandido
Randon; 2015. Portuguese.

Magalhaes Filho JR, Amaral LR, Machado
DFSP, Medina CL, Machado EC. Water
deficit, gas exchange and root growth in

‘Valencia® orange tree budded on
two rootstocks. Bragantia. 2008;67:75-82.
Portuguese.

Avaliable:http://www.redalyc.org/articulo.oa
2id=90867109

Endres L. Daily and seasonal variation of
water relationship in sugar apple (Annona
squamosa L.) under different
irrigation regimes in semi-arid Brazil.
Scientia horticulture. 2007;113(2):149-154.
Portuguese.
Avaliable:https://doi.org/10.1016/j.scienta.2
007.03.007

Silveira HM, Ferreira EA, Silva DV, Neto
MDC, Carvalho FP, Santos JB, Silva AA.
Physiological characteristics of cassava
cultivars after mesotrione application.
Planta  Daninha.  2013;31(2):403-409.
Portuguese.
Avaliable:http://dx.doi.org/10.1590/S0100-
83582013000200018




24.

25.

26.

Machado DFSP, Machado EC, Machado
RS, Ribeiro RV. Effects of low night
temperature and rootstocks on diurnal
variation of leaf gas exchange rates and
photochemical activity of ‘Valéncia’
sweet orange plants. Revista Brasileira
de Fruticultura. 2010;32(2):351-359.
Portuguese.
Avaliable:http://www.scielo.br/pdf/rbf/2010
nahead/AOP06910.pdf

Messchmidt AA. Physiological responses
induced by water stress and infection by
Meloidogyne javanica (Treub) Chitwood on
Prunus spp. 2013. 52f. Dissertation -
Course of Agronomy, Federal University of
Pelotas, Pelotas; 2013. Portuguese.

Ferraz RLS, Melo AS, Suassuna JF, Brito
MEB, Fernandes PD, Nunes Junior ES.
Gas exchange and photosynthetic
efficiency in common bean ecotypes grown
in a semiarid environment. Pesquisa
Agropecuaria Tropical. 2012;42(2):181-
188. Portuguese.
Avaliable:http://www.redalyc.org/articulo.oa
?id=253023669010

Figueiredo et al.; JEAI, 23(4): 1-9, 2018; Article no.JEAI.41523

27.

28.

29.

Muir CD, Hangarter RP, Moyle LC, Davis
PA.  Morphological and anatomical
determinants of mesophyll conductance in
wild relatives of tomato (Solanum sect.
Lycopersicon,  sect. Lycopersicoides;
Solanaceae). Plant, Cell & Environment.
2014;37(6):1415-1426.
Avaliable:https://doi.org/10.1111/pce.1224
5

Machado Filho JA, Campostrini E,
Yamanishi OK, Fagundes GR. Seasonal
variation of leaf gas exchange in papaya
plants grown under field condition.
Bragantia. 2006;65:185-196. Portuguese.
Avaliable:http://dx.doi.org/10.1590/S0006-
87052006000200001

Yamori W, Masumoto C, Fukayama H,
Makino A. Rubisco activase is a key
regulator of non-steady-state photo-
synthesis at any leaf temperature and, to a
lesser extent, of steady-state photo-
synthesis at high temperature. The Plant
Journal, 2012;71(6):871-880.
Avaliable:https://doi.org/10.1111/j.1365-
313X.2012.05041.x

© 2018 Figueiredo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/24944




