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INTRODUCTION 
 
The Bertholletiaexcelsa known as castanheira
of the most important species of extractive exploration of the 
Amazon, with significant participation in the generation of 
foreign exchange for the region, as well as being a source of 
jobs and income for thousands of rural and urban workers 
(Tonini, 2011; Azevedo, 2014). Considered large,
50m of height (Haugaasen et al., 2010). The fruit is ligneous, 
globular, extremely hard, with variable size and weight that 
gets the hedgehog name and has seeds rich in fat and good 
quality proteins. Studies have shown to be one of the species 
with great potential to be used in reforestation programs in the 
Amazon region, due to its good growth performance under 
various environmental conditions and the excellent 
silvicultural characteristics such as a high survival rate, low 
percentage of forked trees with long and straight boles
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ABSTRACT 

Bertholletia excels known as castanheira-do-brasil, this species is very exploited of the Amazon, 
ith great importance in generating employment and income in the region.

was to evaluate the biochemical responses of the species Bertholletiaexcelsa
conditions. The experimental design was completely randomized with two treatments: irrigated and 

irrigated plants, with 9 plants each, considering each plant as a repetition, and these repeated 
treatments in 3 times (0, 5 and 9 days), totaling 27 plants per treatment. 
for nine days adversely affected the concentration of starch and total soluble proteins. The condition 
of water deficit for nine days, on the contrary, increased the total soluble carbohydrate concentrations, 
total soluble amino acids, sucrose and proline. 
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(COSTA et al., 2009; SCOLES 
process of deforestation in the region has contributed to the 
increase of climate change, interfering with agricultural 
production patterns in global levels, bringing as consequences 
changes in precipitation conditions with serious impacts on 
ecosystem services affecting biodiversity, water resources, 
land resources, agriculture, fisheries, and water supply and the 
health and quality of life population 
essential resource for the development of the plant, since it 
participates in all their metabolic processes, and its absence 
affects many physiological processes, such as decrease in 
photosynthetic activity together 
(NOGUEIRA et al., 2001).As, accumulate in the cytoplasm 
compatible metabolites of their cells in an attempt to combat 
water stress, to avoid the damage caused by such effects 
(MUNNS, 2002). Seedlings of castanheira
plantations it has shown significant tolerance to drought, 
requiring a period of up to 58 days of withholding irrigation to 
minimize gas exchange rates, indicating a high physiological 
plasticity of the species in the field (
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this species is very exploited of the Amazon, 
ith great importance in generating employment and income in the region. The aim in this research 

Bertholletiaexcelsa in water stress 
perimental design was completely randomized with two treatments: irrigated and 

irrigated plants, with 9 plants each, considering each plant as a repetition, and these repeated 
treatments in 3 times (0, 5 and 9 days), totaling 27 plants per treatment. The condition of water deficit 
for nine days adversely affected the concentration of starch and total soluble proteins. The condition 
of water deficit for nine days, on the contrary, increased the total soluble carbohydrate concentrations, 
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., 2009; SCOLES et al., 2011). However, the 
process of deforestation in the region has contributed to the 
increase of climate change, interfering with agricultural 

erns in global levels, bringing as consequences 
changes in precipitation conditions with serious impacts on 
ecosystem services affecting biodiversity, water resources, 
land resources, agriculture, fisheries, and water supply and the 

ife population (IPCC, 2014). Water is a 
essential resource for the development of the plant, since it 
participates in all their metabolic processes, and its absence 
affects many physiological processes, such as decrease in 
photosynthetic activity together with decreased cell volume 

As, accumulate in the cytoplasm 
compatible metabolites of their cells in an attempt to combat 
water stress, to avoid the damage caused by such effects 

Seedlings of castanheira-do-brasil in young 
plantations it has shown significant tolerance to drought, 
requiring a period of up to 58 days of withholding irrigation to 
minimize gas exchange rates, indicating a high physiological 
plasticity of the species in the field (Gomes, 2012; Ferreira          
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et al., 2012). But the lack of scientific knowledge about the 
physiological and biochemical changes of this kind because of 
water stress, either by human or natural action is still 
superficial. Considering that these changes provide the profile 
imbalance of organic compounds and nitrogen (Silva et al., 
2010). Given the above, the aim in this research was to 
evaluate the biochemical responses of the species 
Bertholletiaexcelsa in water stress conditions. Under stress 
conditions, the metabolism of amino acids is widely changed, 
thus the protein synthesis is decreased and proteolysis was 
increased (Monteiro et al., 2014). Therefore, occurs induction 
of proline biosynthesis promoted by metabolic increment as 
polyamines, ammonia, arginine, ornithine, glutamine and 
glutamate (Cvikrová et al., 2013).  
 

MATERIAL AND METHODS 
 

Location andcharacterization of the studied area 
 
The experiment was realized in a greenhouse, which belongs to 
the Institute of Agricultural Sciences at the Federal Rural 
University of Amazonia (UFRA), Belém, Pará. With plastic 
cover of 70% of solar light. 
 

Instalationand treatments 
 
Young plants of castanheira-do-brasilwith one year old 
wereaccomodated in plastic vessels with dimensions of (30cm 
of height x 25cm of diameter) with a capacity of 10 kg, 
containing only soil substrate of the type latosol. The 
acclimation period was 45 days and watered daily until the 
achievement of field capacity, and the light (maximum = 1.000 
μmol m-2 s-1) and temperature (30±8ºC). After this period, the 
plants were subdivided into two groups: irrigated plants 
(control) and non-irrigated (treatment of water deficit). The 
plants of the control treatment received irrigation daily 
throughout the trial period and the plants of the water deficit 
treatment had its fully suspended irrigation photosynthetic 
response to reach values close or equal to 0 mol m-2 s-1. 
 
Biochemistry analysis 
 
Biochemical analyzes were performed only on the leaves of 
plants to 9 days of experiment, being determined the following 
variables: 
 
Starch concentrations: were performed using the method of 
Dubois et al. (1956). The content of total soluble 
carbohydrates (CST): was determined by the colorimetric 
method described by Dubois et al. (1956). Levels of sucrose: 
the method used was Van Handel (1968). proline 
concentrations: for obtaining the second proline concentrations 
was Bates et al. (1973). Total soluble protein concentrations: 
The method used to obtain the soluble protein concentration 
was second to Bradford (1976). Soluble aminoacids 
concentrations: for obtaining total soluble amino acid 
concentrations was second Peoples et al (1989). 
 

Experimental design and statistical analysis 
 

The experimental design was completely randomized with two 
treatments: irrigated and non-irrigated plants, with 9 plants 

each, considering each plant as a repetition, and these repeated 
treatments in 3 times (0, 5 and 9 days), totaling 27 plants per 
treatment. The results were statistically analyzed and subjected 
to analysis of variance and the significant difference between 
means were determined by F test at 5% probability. The 
program used was the JMP 4.0 (SAS Institute, 2008). 
 

RESULTS AND DISCUSION 
 
Biochemical variables 
 
Starch concentrations in the leaves of chestnut the Brazil were 
64.48 and 63.30 mmol of GLU/g residue for irrigated and non-
irrigated plants respectively (Figure 1A). The reduction of the 
concentrations of starch in the leaves under the water 
suspension is probably related to decreased photosynthesis and 
starch degradation enzymes abeam α and β-amilase, forming 
new sugars such as sucrose (Figure 1C) with osmotic 
adjustment of order and / or transport to other preferred drains 
and / or inactivation of key enzyme in the starch synthesis of 
ADP-glucose pyrophosphorylase (MARTINEZ et al., 2004; 
CRUZ et al., 2008; OLIVEIRA-NETO, 2008; SILVA et al., 
2010). Segundo MARTINEZ et al., (2004), increases in 
carbohydrate content in plants under stress, are associated with 
decreased cell starch content, besides the decrease of 
photosynthesis capacity that paralyzes cell growth and reduces 
the synthesis of sucrose for export. Regarding the total soluble 
carbohydrate content, the results showed an increase for the 
plants under water deficit (Figure 1B), carbohydrate values in 
leaves of the control plants were 1.01 mmol of GLU/g residue, 
and under drought 1.11 mmol GLU/g residue. The increases 
observed in plants under stress are associated with the fact that 
with dehydration provide increases in total soluble 
carbohydrate which is directly related to the osmotic 
adjustment process of these plants, reducing its osmotic 
potential in order to maintain the hydrated plant and 
consequently slow the dehydration of the tissue (OLIVEIRA 
NETO, 2008; Souza et al, 2013). 
 
The sucrose concentration in the leaf were 69.90 and 100.39 
mg sucrose /g DM in control and drought treatments, 
respectively (Figure 1C). The accumulation of this 
carbohydrate in leaves of stressed plants induce osmotic 
adjustment, given that this organic compound binds to water 
molecules in order to maintain the water level in the leaf organ 
avoiding the dehydration process (SANCHES 2012). When 
booking polysaccharides are mobilized, the product of 
hydrolysis often is sucrose, the main sugar transport in plants. 
For growth bodies (drains) that can metabolize sucrose, it is 
necessary degradation (CRUZ et al., 2008; OLIVEIRA NETO, 
2008; SOUZA et al., 2013).  The concentrations of total 
soluble protein in the leaves were 11.95 and 9.21 mg protein /g 
MS, in control plants under drought stress, respectively. 
Reducing significantly in plants under drought stress compared 
to control (Figure 2A). The water deficit promotes a restriction 
in the water absorption decreased cell turgor pressure, and 
increasing the synthesis of proteolytic enzymes that break 
down the plant storage proteins as well as in that compound 
synthesis process, indicating that deficiency affects all 
biochemical processes in an attempt to maintain water levels in 
the sheet as well as cell osmotic balance (LECHINOSKI et al., 
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2007, Souza et al, 2014). Also, some proteins involved in the 
interaction with hydrophilic macromolecules are synthesized 
cell "again" to stabilize the metabolism and act in the recovery 
of damages caused by water stress (LECHINOSKI et al., 2007, 
Souza et al, 2014).  
 

 
 
Figure 1. Biochemical analysis of Starch (1A), carbohydrate (1B) 

and sucrose (1C) of the irrigated and non irrigated plants. 
Diferent letters in the bars shows statistical differences in a levem 

of 5% probability 

 
There are several works (LECHINOSKI et al., 2007, Santos et 
al, 2010; SOUZA et al, 2014) demonstrating that the water 
deficit under plant has reduced its total soluble protein content. 
The total soluble aminoacid concentrations showed an increase 
in plants subjected to drought (Figure 2B). The total soluble 
amino acid concentrations in the leaves were: 47.77 and 80.01 
micromol AA/g MS, in control plants under drought stress, 
respectively. According to Melo et al. (2007), increased free 
amino acid content may contribute to the tolerance of plants to 
drought, by an increase in osmotic potential and maintaining 
the water potential of the cytoplasm in equilibrium with the 
water potential vacuolar. The amino acid accumulation may be 
due to restriction of protein synthesis, and the disturbances 
caused by water stress in phloem tissue, reducing translocation 
to other organs (Oliveira et al., 2013), thus the amino acid 
buildup can It is considered as a sign of tolerance of plants 
under different environmental stresses. Similar results were 

found by Oliveira et al. (2013) working with young plants 
soursop subjected to water deficit; as Carvalho (2005) working 
with plant paricá (Schizolobiumamazonicum, Huber Ducke) 
andguapuruvu (Schizolobiumparahyba). Another possible 
response to the high levels of amino acids in the leaves are 
probably due to high activity of nitrogen metabolism, however, 
in not irrigated, the increase is mainly due to the activity of 
proteolytic enzymes breaking down proteins into amino acids, 
in addition to decreasing synthesis there of  (OLIVEIRA 
NETO, 2008). The proline concentrations in leaves were: 1,34 
and 2,54 μmol Pro.g-1, in the control plants and under drought, 
respectively (Figure2C). In plants under drought, increased 
proline levels may be related to increased activity of 
proteolytic enzymes promoting greater availability of free 
amino acids (Figure 2B), to protect plant tissues against this 
stress by serving as nitrogen reserve, osmo-solute and 
hydrophobic protective enzymes and cellular structures (Melo 
et al., 2007; OLIVEIRA NETO, 2008; PÉREZ-PÉREZ et al., 
2009).  
 

 
 

Figure 2. Biochemical analysis of Proteins (1A), carbohydrates 
(1B) and sucrose (1C) of theirrigated and non irrigated plants. 

Diferent letters in the bars shows statistical differences in a levem 
of 5% probability 

 

The ability of cells to accumulate compounds as compatible 
solutes or osmoprotectors, have as one of its functions to 
preserve cell integrity, particularly proteins, enzymes and 
membranes, and to promote the reduction of water potential 
during periods of osmotic stress provided in a position higher 
water deficit (Marijuan & BOSCH, 2013). The increase in 
proline contents can activate various cellular functions: 
osmotic adjustment reserve of carbon and nitrogen used in 
growth for recovery after stress, detoxification of excess 
ammonia, protein stabilizer and membranes and free radical 
scavengers (ALEMAN, 2011). Amorim et al. (2011) found 
that the water deficit and reduce the production, affects the 
physiological and biochemical processes of plants. Similar 
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results were found by Castro et al. 2007, which evaluated the 
levels of free proline in Tectonagrandis L.f under water stress, 
in which the proline content in the leaves were increased when 
plants were subjected to water stress. 
 
Conclusion 
 

 The condition of water deficit for nine days adversely 
affected the concentration of starch and total soluble 
proteins. 

 The condition of water deficit for nine days, on the 
contrary, increased the total soluble carbohydrate 
concentrations, total soluble amino acids, sucrose and 
proline. 
 

Acknowledgements 
 
We are greatful for all the support that we have in Federal 
Rural University of Amazônia, including the Agrarian 
Sciences Insitute and the Biodiversity studies in Higher Plants’ 
group. 
 

REFERENCES 
 
Aleman, C. C. 2011. Manejo de irrigação em diferentes fases 

de desenvolvimento da Calendulaofficinalis L. 2011. 71 f. 
tese (Doutorado em ciências) – Escola Superior de 
Agricultura “Luiz de Queiroz”, Piracicaba, São Paulo. 

Amorim, A. V., Gomes-filho, E., Bezerra, M. A, Prisco, J. T., 
Lacerda, C. F. de. 2011.   Produção e fisiologia de plantas 
de cajueiro anão precoce sob condições de sequeiro e 
irrigado. Revista Brasileira de Engenharia Agrícola e 
Ambiental, v. 15, n. 10, p. 1014-1020. 

Azevedo, G. F. da C. 2014. Photosynthetic parameters and 
growth in seedlings of Bertholletiaexcelsa and 
Carapaguianensis in response to pre-acclimation to full 
sunlight and mild water stress. ActaAmazonica. v. 44, n.1 
p. 67-77. 

Bates, L. S., Waldren, R. P. e Teare, I. D. 1973. Rapid 
determination of free proline for water-stress studies. Short 
communication: Plant and Soil. v. 39, n. 1, p. 205-207.  

Bradford, M. M. 1976. A rapid and sensitive method for the 
quantitation of microgram quantities of protein utilizing the 
principle of protein-dye binding. AnalyticalBiochemistry, 
v. 72, p. 248-254.  

Carvalho, C. J. R. de. 2005. Respostas de plantas de 
Schizolobiumamazonicum [S. parahyba var. amazonicum] e 
Schizolobiumparahyba [Schizolobiumparahybum] à 
deficiência hídrica. Revista Árvore, vol.29, n.6, p. 907-914.  

Castro, d. da S.; Santos, A. O. dos; Lobato, A. K. da S.; 
Gouvea, D. D. S.; Oliveira Neto, C. F. de; Cunha, R. L. M. 
da; Costa, R. C. L. da. 2007. Concentrações de Prolina e 
Carboidratos Solúveis Totais em Folhas Teca 
(TectonagrandisL.f) Submetida ao Estresse Hídrico. 
Revista Brasileira de Biociências, v. 5, n. 2, p. 921-923.  

Cordeiro, Y. E. M.; Pinheiro, H. A.; Santos Filho, B.G. dos; 
Corrêa, S. S.; Dias Filho, M. B. 2009. Physiological and 
morphological responses of young mahogany 
(Swieteniamacrophylla King) plants to drought. Forest 
Ecology and Management, v.258, p.1449 1455.  

Costa, J. R.; Castro, A. B. C.; Wandelli, E. V.; Coral, S. C. T.; 
Souza, S. A. G. 2009. Aspectos silviculturais da castanha-
do-brasil (Bertholletia excelsa) em sistemas agroflorestais 
na Amazônia Central. Acta Amazonica, v. 39, n. 4, p.  843-
850.  

Cruz, M. do C. M. da; Siqueira, D. L. de; Salomão, L. C. C.; 
Cecon, P. R.; Santos, D. dos. 2008. Teores de carboidratos 
em tangerineira ‘ponkan’ e limeira ácida ‘tahiti’submetidas 
ao estresse hídrico. Ceres, v. 55, n. 4, p. 305-309.  

Cvikrová, M.; Gemperlová, L.; Martincová, O.; Vanková, R. 
2013. Effect of drought and combined drought and heat 
stress on polyamine metabolism in proline over producing 
tobacco plants. Plant Physiology and Biochemistry, v. 73, 
p. 7-15.  

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., 
Smith, F.  1956. Colorimetric method for determination of 
sugars and related substances. Analitical Chemistry, v. 28, 
n.3, p.350-356. 

Ferrari, E.; Paz, A. da; Silva, A. C. da. 2015. Déficit hídrico no 
metabolismo da soja em semeaduras antecipadas no mato 
grosso. Nativa, v.3, n.1, p.67-77. 

Ferreira, M. J.; Gonçalves, J. F. de C.; Ferraz, J. B. S. 2012. 
Crescimento e eficiência do uso da água de plantas jovens 
de castanheira-da-amazônia em área degradada e 
submetidas à adubação. Ciência Florestal, v. 22, n. 2, p. 
393-401. 

Gasparin, E.; Avila, A. L. de;  Araujo, M. M.; Filho, A. C.; 
Dorneles, D. U.; Foltz, D. R. B. 2014. Influência do 
substrato e do volume de recipiente na qualidade das mudas 
de Cabralea canjerana (Vell.) Mart. em viveiro e no 
campo. Ciência Florestal, v. 24, n. 3, p. 553-563. 

Gomes, I. B. 2012. Respostas ecofisiológicas de plantas jovens 
de Bertholletia excelsa H. B. submetidas à fertilização em 
plantio homogêneo. 2012. 59 f. Dissertação (Mestrado em 
Ciências de Florestas Tropicais) - Instituto Nacional   de   
Pesquisas   da   Amazônia (INPA). 

Haugaasen, J. M. T.; Haugaasen, T.; Peres, C. A.; Gribel, R.; 
Wegge, P. 2012. Fruit Removal and Natural Seed Dispersal 
of the Brazil Nut Tree (Bertholletiaexcelsa) in Central 
Amazonia, Brazil. Biotropica, v. 44, n. 2. p.205–210. 

Haugaasen, J. M.; Haugaasen, T.; Peres, C. A.; Gribel, R.; 
Wegge, P. 2010. Seed dispersal of the Brazil nut tree 
(Bertholletiaexcelsa) by scatter-hoarding rodents in a 
central Amazonian forest. Journal of Tropical Ecology, v. 
26, n. 3, p. 251–262. 

IPCC. Intergovernmental Panel on Climate Change, 2014. 
Mitigation of Climate Change. Contribution of Working 
Group III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change. [Edenhofer 
O., Pichs-Madruga R., Sokona, Y., Farahani, E., Kadner, 
S., Seyboth, K., Adler, A., Baum, I., Brunner, S., 
Eickemeier, P., Kriemann, B., Savolainen, J., Schlömer, S., 
Von Stechow, C., Zwickel, T., Minx, J.C. (Eds.)]. 
Cambridge University Press, Cambridge.  

IUCN 2010. IUCN, Red List of Threatened Species. Version 
2010.3. Disponivel em <www.iucnredlist.org>. Acesso em 
3 de março de 2015. 

Lechinoski, A. L.; Freitas, J. M. N.; Castro, D. S.; Lobato, A. 
K. da S.; Oliveira Neto, C. F.; Cunha, R. L. M.; Costa, R. 
C. L. 2007. Influência do estresse hídrico nos teores de 
proteínas e aminoácidos solúveis totais em folhas de Teca 

37355      Lenilson F. Palheta et al. Biochemical responses in young plants of Castanheira-Do-Brasil (Bertholletiaexcelsa Bonpl.) submitted to drought 



(Tectona grandis L. f.). Revista Brasileira de Biociências, 
v.5, p.927-929. 

Lorenzi, H. Árvores brasileiras. 4. ed. Nova Odessa: Instituto 
Plantarum, 2000. v. 1, 384 p. 

Marijuan, M. P.; Bosch, S.M. 2013. Ecophysiology of invasive 
plants: osmotic adjustment and antioxidants. Trends in 
Plant Science, v.18, p.660-666. 

Martinez, J. P,; Lutts, S,; Schanck, A, Bajjl, M, Kinet, L, M. 
2004. Is osmotic adjustment required for water stress 
resistance in the Mediterranean shrub Atriplexhalinus L. 
Journal of Plant Physiology, v. 161, n. 9, p. 1041–1051, 20 
September. 

Melo, H. C. de; Castro, E. M. de; Soares, Â. M.; Melo, L. A. 
de; Alves, J. D. 2007. Alterações anatômicas e fisiológicas 
em SetariaancepsStapfexMassey e Paspalumpaniculatum 
L. sob condições de déficit hídrico. Hoehnea, vol.34, n.2, p. 
145-153.  

Monteiro, J. G.; CRUZ, F. J. R.; Nardin, M. B.; Santos, D. M. 
M. dos. 2014. Crescimento e conteúdo de prolina em 
plântulas de guandu submetidas a estresse osmótico e à 
putrescina exógena. Pesquisa Agropecuária Brasileira, 
v.49, n.1, p.18-25.  

Morais, R. R.; Gonçalves, J. F. C.; Santos Júnior, U. M.; 
Dünisch, O.; Santos, A. L. W. 2007. Chloroplastid pigment 
contentas and chlorophyll a fluorescence in Amazonian 
tropical three species. Revista Árvore, v.31, n.5, p. 959-
966.  

NOGUEIRA, R. J. M. C. et al. 2001. Alterações na resistência 
à difusão de vapor das folhas e relações hídricas em 
aceroleiras submetidas a déficit de água. Revista Brasileira 
de Fisiologia Vegetal, Campinas, v.13, n.1, p.75-87.  

OLIVEIRA NETO, C. F. de. 2008. Crescimento, produção e 
comportamento fisiológico e bioquímico em plantas de 
sorgo (Sorghum bicolor [l.] moench) submetidas à 
déficiência hídrica. 2008. 114 f. Dissertação (Mestrado em 
Agronomia) – Universidade Federal Rural da Amazônia, 
Belém, Pará.  

Oliveira, L. M. de; Silva, J. N. da; Coelho, C. C. R.; Neves, M. 
G.; Silva, R. T. L. da; Oliveira Neto, C. F. de. 2013. 
Pigmentos fotossintetizantes, aminoácidos e proteínas em 
plantas jovens de graviola submetida ao déficit hídrico. 
Agroecossistemas, v. 5, n. 1, p. 39-44.  

Peoples, M. B.; Faizah, A. W.; Reakasem, B.; Herridge, D. F. 
1989. Methods for evaluating nitrogen fixation by 
nodulated legumes in the field. Australian Centre for 
International Agricultural Research Canberra. n. 11, p. 76.  

Pérez-Pérez, J.G.; Robles, J.M.; Tovar, J.C.; Botía, P. 2009. 
Response to drought and salt stress of lemon ‘Fino 49’ 
under field conditions: water relations, osmotic adjustment 
and gas exchange. ScientiaHorticulturae, v. 122, n. 1, p. 
83–90.  

Sanches, R. F. E. 2012. Relações hídricas e respostas ao déficit 
hídrico da espécie Bauhiniaforficata Link: mecanismos de 
manutenção do status hídrico. 2012. 78 f. Dissertação 
(Mestrado em Fisiologia e Bioquímica de Plantas) - Escola 
Superior de Agricultura Luiz de Queiroz, São Paulo, 
Piracicaba.  

 
 
 

Santos, C. F.; Lima, G. P. P.; Morgado, L. B. 2010. Tolerância 
e caracterização bioquímica em feijão caupi submetido a 
estresse hídrico na pré-floração. Naturalia, v.33, p.34-44.  

SAS Institute. User’sguide. Version 9.2. 2008. Cary, NC: SAS 
Institute Inc. 584pp. 

Scoles, R.; Gribel, R.; Klein, G. N. 2011. Crescimento e 
sobrevivência de castanheira (Bertholletia excelsaBonpl.) 
em diferentes condições ambientais na região do rio 
Trombetas, Oriximiná, Pará. Boletim do Museu Paraense 
Emílio Goeldi. Ciências Naturais, v.6, n.3, p. 273-293.  

Silva, E.N. da; Ferreira�Silva, S.L.; Viégas, R.A.; Silveira, 
J.A.G. 2010. The role of organic and inorganic solutes in 
the osmotic adjustment of drought�stressed Jatropha 
curcas plants. Environmental and Experimental Botany, 
v.69, p.279�285.  

Silva, E.N; Silva, S. L. F.; Viégas, R. A.; Silveira, J. A. G. 
2010. The role of organic and inorganic solutes in the 
osmotic adjustment of drought-stressed Jatropha curcas 
plants. Environmental and Experimental Botany, v.69, n.3, 
p.279-85.  

Silva, R. T. L. da; Oliveira Neto, C. F. de; Barbosa, R. R. do 
N.; Costa, R. C. L. da; Conceição, H. E. O. da. 2012. 
Resposta fisiológica de plantas de mamoeiro submetidas ao 
déficit hídrico. Nucleus, v. 9, n. 2, p. 113-120.  

Sousa, A. E. C.; Silveira, J. A. G.; Gheyi, H. R.; Lima Neto, 
M. C.; Lacerda, C. F. de; Soares, F. A. L. 2012. Trocas 
gasosas e conteúdo de carboidratos e compostos 
nitrogenados em pinhão�manso irrigado com águas 
residuária e salina. Pesquisa Agropecuária Brasileira, v.47, 
n.10, p.1428-1435.  

Souza, L. C. de; Siqueira, J. A. M.; Silva, J. L. de S.; Silva, J. 
N. da; Coelho, C. C. R.; Neves, M. G.; Oliveira Neto, C. F. 
de; Lobato, A. K. da S. 2014. Compostos nitrogenados, 
proteínas e aminoácidos em milho sob diferentes níveis de 
silício e deficiência hídrica. Revista Brasileira de Milho e 
Sorgo, v.13, n.2, p. 117-128.  

Souza, L.C.; Siqueira, J. A. M.; Silva, J. L. de S.; Coelho, C. 
C. R.; Neves, M. G.; Oliveira Neto, C. F. 2013. 
Osmorreguladores em plantas de sorgo sob suspensão 
hídrica e diferentes níveis de silício. Revista Brasileira de 
Milho e Sorgo, v.12, n.3, p. 240-249.  

Sujii, P.S.; Braga, E. T. M.; Azevedo, V. C. R.; Ciampi, A. Y. ; 
Martins, K. ; Wadt, L. H. O. 2013. Morphological and 
molecular characteristics do not confirm popular 
classification of the Brazil nut tree in Acre, Brazil. 
Geneticsand Molecular Research, v. 12, n. 3, p. 4018-4027.  

Tonini, H. 2011. Fenologia da castanheira-do-Brasil 
(Bertholletia excelsaHumb. &Bonpl., Lecythidaceae) no 
sul do estado de Roraima. Revista Cerne, v. 17, n. 1, p. 
123-131.  

Trovato, M.; Mattioli, R.; Costantino, P. 2008. Multiple roles 
of proline in plant stress tolerance and development. 
RendicontiLincei, v.19, p.325-346.  

Van Handel, E. 1968. Direct microdetermination of sucrose. 
Analytical Biochemistry, v. 22, n. 2, p. 280-283.  

 
 

 
 

******* 

37356                                         International Journal of Current Research, Vol. 08, Issue, 08, pp.37352-37356, August, 2016 
 


