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The objective of this study was to evaluate the effects of nutrition and salt stress on the growth and 
accumulation of mineral elements in Jatropha curcas plants. The work was conducted in greenhouse 
with 100% solar radiation interception, at Goiás State University, Ipameri Campus, Goiás, Brazil. The 
experiment was set up in five-liter containers following the completely randomized design in 4 x 2 
factorial arrangement (I:

 
Clark’s complete nutrient solution, Clark’s nutrient solution modified to prevent 

contents of ii: nitrogen, iii: potassium or iv: magnesium, and two salinity treatments, distilled water and 
saline water [2 dS m

–1
] obtained by NaCl addition). On even days, the plants received nutrient solution 

and on odd days, they received saline or distilled water. The plants were irrigated with complete 
nutrient solution up to the 20

th
 day after germination and the treatments were applied from the 21

st
 to 

the 60
th

 day. The results show that there was no toxic effect of salt on J. curcas plants; however, 
salinity caused nutritional unbalance and significantly hindered Ca

2+
 and K

+ 
absorption and slightly 

reduced vegetative growth due to the small change in water status. J. curcas plants are moderately 
tolerant to irrigation water salinity. 
 
Key words: Mineral nutrition, biofuel, oleaginous, osmotic stress, water restriction. 

 
 
INTRODUCTION 
 
Concern for natural resources has intensified the search 
for renewable energy alternatives, like biofuels. Brazil 
stands out in the world scenario for its growing, vigorous 
renewable energy matrix, since 45% of the energy and 
18% of the fuels consumed in Brazil are renewable, while 
in the rest of the world, only 14% of consumed energy 
comes from renewable source (ANP, 2015). 

The Brazilian program for production and use of biofuel 
has stimulated the cultivation of raw materials and 
marketing of vegetable oil. However, the program is 
founded on only one raw material, soybeans, accounting 
for 73.92% of all vegetable oil for biodiesel production 
(ANP, 2014). Therefore, diversifying the sources of raw 
material is required in order to make the system less
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vulnerable to weather and economic conditions, by 
introducing promising species such as Jatropha curcas L. 

J. curcas is a perennial lactiferous Euphorbiaceae, 
native to Mexico in Central America, where high genetic 
diversity was reported (Henning, 2008). The plants are 
deciduous with juicy stem and fast growth. The species 
has great economic potential, either in landscaping as 
hedge, pharmacology, and especially in the production of 
biodiesel oil. The seeds are oleaginous with about 40% of 
the oil easily processed into biodiesel. J. curcas seed 
biodiesel has 84% of diesel oil calorific value (Matos, 
2010; Ferreira, 2015). The oil has about 80% of 
unsaturated fatty acids and low freezing point (-10°C) and 
can be marketed in various regions of the world (Matos, 
2010), which represents great advantage, especially in 
colder regions. These features have contributed to 
increased commercial interest in this culture. 

The J. curcas plant develops in several kinds of soils, 
including sandy, stony, saline, alkaline and rocky ones, 
which, from the physical nutritional point of view, are 
restrictive to full root development (Carvalho et al., 2013). 
It is a fast-developing shrub and can start production 
already in the first year of planting and remain productive 
for about 40 years. Its productive climax occurs at the 
fourth year in the field (Dias et al., 2007). Commercial 
plantations of Jatropha in Brazil are still in early stages 
due to the low scientific knowledge of the plant. With the 
development of new research, the culture is expected to 
turn from potential to actual raw material for the biodiesel 
market (Andréo-Souza et al., 2010). J. curcas species 
lacks genetic improvement, in that it shows significantly 
uneven growth, architecture, development and fruit 
ripening. Although, rustic and tolerant to drought, the crop 
needs agronomic knowledge, as basic information such 
as fertilizing recommendation, salinity tolerance and 
productivity is not available on the species (Matos et al., 
2014a). 

Although, it is drought tolerant and can survive with 200 
mm per year for three years using water stored in stems 
and roots, it is presumed that its maximum genetic potential 
is expressed in adequate conditions of water availability. 
Adequate water supply enables significant productivity 
gains. However, water scarcity in many inland reservoirs 
intensifies the need for research to assess the possibility 
of the species cultivation with saline water irrigation. The 
use of saline water for irrigation has become an important 
alternative given the scarcity of good quality water 
worldwide. The quality of many water sources is low, 
especially water wells and surface reservoirs. Because it 
contains soluble salts, water used for irrigation entails 
periodic salt incorporation to the soil profile. In the absence 
of leaching, the salt is deposited in the root area and soil 
surface due to water evaporation (Veras et al., 2011). 

Recent studies point to reasonable sensitivity of J. 
curcas to salinity with significant reduction in biomass, 
leaf number and stem diameter (Oliveira et al., 2015; 
Sousa et al., 2011). The  adverse  effects  of  salinity  are 
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the result of three primary factors: i) inhibition of water 
absorption caused by the solution low water potential; ii) 
toxic effects of Na

+
 and Cl

–
 ions at the cellular level; and 

iii) changes in nutritional balance altering the absorption 
of K

+
, Ca

2+
, Mg

2+
, NO3

–
, Cl

–
, Na

+ 
and other chemical 

elements (Diaz-Lopez et al., 2012; Mansour, 2013). The 
combination of these factors causes changes in cell 
metabolism with significant reduction in grain yield. Plants 
develop innumerable salt stress tolerating mechanisms 
that include osmotic adjustment, toxic ion 
compartmentalization, and absorption inhibition and/or 
exclusion. Their salinity tolerance is difficult to measure 
due to the dependence on many factors such as weather, 
growth stage and soil fertility (Taiz and Zeiger, 2013). 
Besides, many genetical and environmental effects were 
reported in growth of different plant species from seed 
collection to harvest (Yazici, 2010; Dilaver et al., 2015; 
Tebes et al., 2015; Cercioglu and Bilir, 2016).       

Under natural conditions, abiotic stresses may occur 
simultaneously, sometimes causing irreversible damage 
to the plants. With a view to better physiological 
understanding of salinity and nutrient deficiency occurring 
simultaneously, this study aimed at evaluating the effects 
of nutrition and salt stress on the growth and 
accumulation of mineral elements of J. curcas plants. 
 
 
MATERIALS AND METHODS 
 

Experimental design 
 

The work was conducted in greenhouse with 100% solar radiation 
interception at Goiás State University, Ipameri Campus (17°43’19’’ 
S, 48°09’35’’ W, 773 m), Ipameri, Goiás. According to Köppen 
classification, the region has tropical savanna climate (Aw), with 
rainy summers and dry winters. The experiment was carried out in 
five-liter containers following the completely randomized design in a 
4 × 2 factorial arrangement  (i: Clark complete nutrient solution, 
Clark’s nutrient solution modified to prevent contents of ii: nitrogen, 
iii: potassium or iv: magnesium, and two salinity treatments, distilled 
water and saline water [2 dS m–1] obtained by NaCl addition). On 
even days, the plants were treated with nutrient solution and on odd 
days, with saline or distilled water. The plants were irrigated with 
the complete nutrient solution until the 20th day after germination 
and the treatments from the 21st to the 60th days using the salts as 
shown in Table 1. 

The solution volume to be applied was determined based on the 
container weight differences. Initially, the solution was placed in the 
containers until drainage started and 60 min later, the same 
containers were weighed for the first time. Exactly 24 h after the first 
weighing, the containers were weighed again and the difference in 
mass between the first and second weighing corresponded to the 
solution volume to be applied daily per container (150 ml). 60 days 
after germination, the following analyses were performed: leaf 
number, plant height, stem diameter, transpiration, leaf area, 
relative water content, total biomass and nitrogen concentration (N), 
calcium (Ca) potassium (K), magnesium (Mg) and sodium (Na) in 
leaves and roots. 
 
 

Growth variables 
 

The number of leaves was obtained by counting.  The  plant  height
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Table 1. Composition and indication of presence (yes) or absence (no) of macro and 
micronutrients of the Clark’s nutrient solution modified to provide different levels of 
nutrients. 
 

Supply solution salts  mM Complete – N – Mg –K 

Ca(NO3)2.4H2O  1.04 Yes No Yes Yes 

NH4NO3  1.00 Yes No Yes Yes 

KNO3  0.80 Yes No Yes No 

KH2PO4  0.069 Yes Yes Yes No 

KCl  0.931 Yes Yes Yes No 

MgSO4.7H2O 0.60 Yes Yes No Yes 

CaCl2  1.04 Yes Yes Yes Yes 

NH4H2PO4 2.00 Yes Yes Yes Yes 

ZnSO4.7H2O  0.002 Yes Yes Yes Yes 

CuSO4.5H2O  0.0005 Yes Yes Yes Yes 

MnCl2.4H2O  0.007 Yes Yes Yes Yes 

Na2MoO4.4H2O  0.0006 Yes Yes Yes Yes 

H3BO3  0.019 Yes Yes Yes Yes 

FeEDTA  0.045 Yes Yes Yes Yes 
 
 
 

and stem diameter were measured using a graduated ruler and a digital 
pachymeter, respectively. For leaf area evaluation, a graduated tape 
(cm) was used, measuring the length and width of all leaves in each  

plant and then the leaf area was calculated following the equation 
proposed by Severino et al. (2007). The leaves, roots and stems 

were plucked and oven-dried at 72°C to reach constant dry mass 

and then weighed separately. The mass data enabled calculation of 
the leaf mass ratio (LMR), root mass ratio (RMR), stem mass ratio 

(SMR), shoot/root system ratio (S/RS) and total biomass. 
 
 
Leaf relative water content (RWC) 
 
In order to obtain the relative water content, twenty 12-mm leaf 
discs were taken, weighed, and saturated for 24 h in Petri dishes 
with distilled water. Then, the discs were weighed again and dried 
at 70°C for 72 h. Subsequently, the dry matter was obtained. 
 
 
Photosynthetic pigments 
 
In order to determine the total chlorophyll and carotenoid 
concentration, leaf discs were taken from known areas and put into 
jars containing dimethyl sulfoxide (DMSO). Afterwards, extraction 
was made in 65°C water bath for one hour. Aliquots were taken for 
spectrophotometric reading at 480, 649, 1 and 665 nm. Chlorophyll 
a (Chl a) and chlorophyll b (Chl b) contents were determined 
according to the equation proposed by Wellburn (1994). 
 
 
Nutritional analyses  
 
Samples of roots and fully expanded leaves were collected, and 
then total N concentration was determined according to Kjeldahl 
sulfuric digestion method. In order to determine the contents of 
potassium, calcium, magnesium and sodium, the methodology 
proposed by Johnson and Ulrich (1959) was used.  
 
 
Statistical procedures  
 
The experiment was   set up   in   five-liter  containers  following  the  

completely randomized design in a 4 × 2 factorial arrangement and 
six replications. The experimental plot corresponded to one plant 
per container. In order to evaluate the effects of nutritional 
deficiency and salinity on the growth and mineral accumulation in 
plants, variance analysis was used (ANOVA). Assumptions of 
normal distribution and variance homogeneity were always tested. 
Whenever the ANOVA results were significant, further comparisons 
of Newman-Keuls were performed to detect differences between 
the treatment averages. 

In order to evaluate the effect of the analyzed variables on root 
biomass, multiple regression analyses were performed using the 
forward stepwise selection model (Sokal and Rolf, 1994). The 
forward stepwise model selects the independent variables in the 
regression model according to the amount of explained variation in 
the dependent variable; the first independent variable introduced in 
the model explains most of the variation; the second one, most of 
the remaining variation, and so forth. Adding variables to the model 
ends when the next variable to be included does not have a 
significant partial correlation (p>0.05). The same analytical 
procedure was performed to evaluate the effect of variables on the 
plant total biomass. All statistical analyzes used in this work were 
performed under the procedures of R software (R CORE TEAM, 
2015). 

 
 
RESULTS 
 
Biomass, stem diameter and relative water content were, 
respectively, 16, 9 and 11% lower in the plants irrigated 
with saline solution as compared to plants irrigated with 
non-saline solution. Only plant height showed statistical 
significance due to the nutritional treatment applied. This 
variable was approximately 9% lower in treatment lacking 
nitrogen, when compared with the average of the other 
treatments containing nitrogen. The summary of the 
variance analysis for growth and water status variables is 
shown in Table 2. 

Potassium concentration (K
+
) was 18% higher in the 

roots of plants treated with the complete nutrient solution
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Table 2. Variance analysis and average test for biomass, number of leaves, plant height, stem 
diameter (SD), relative water content (RWC) and leaf area (LA) in J. curcas plants subjected to 
nutritional and saline deficiency. 
 

Variation source GL 

Mean squares 

Biomass 

(g) 

Number 

leaves 

Height 

(cm) 

SD 

(cm) 

RWC 

(%) 

LA 

(cm
2
) 

Nutrient 3 0.40
ns

 0.79
ns

 4.30* 0.03
ns

 35.25
ns

 139.0
ns

 

Salt 1 4.41** 0.06
ns

 0.14
ns

 0.16** 681.4** 0.90
ns

 

Nutrient*salt 3 1.25
ns

 0.41
ns

 2.53
ns

 0.02
ns

 94.14
ns

 268.8
ns

 

CV (%) 12.83 35.6 7.97 7.99 6.30 32.96 
       

Treatments Averages 

N absence 4.73ª 2.25ª 9.87
b
 1.50

a
 80.6

a
 64.7

a
 

K absence 5.10ª 2.63ª 10.65a
b
 1.53

a
 78.6

a
 66.9

a
 

Mg absence 4.74ª 2.87ª 10.42a
b
 1.41

a
 79.8

a
 65.7

a
 

Complete Solution 4.82ª 2.00ª 11.22
a
 1.50

a
 83.8

a
 55.1

a
 

       

Salt Averages 

With salt 4.49
b
 2.36

a
 10.45

a
 1.43

b
 76.4

b
 63.0

a
 

Without salt 5.29
a
 2.52

a
 10.70

a
 1.56

a
 85.3

a
 63.4

a
 

 

*Significant at 5% and at **1% probability; ns = not significant by F test. Averages followed by the same 
small letter in the column do not differ at 5% probability by Newman-Keuls test. 

 
 
 

Table 3. Variance analysis and average test for phosphorus (P), potassium (K+), calcium (Ca2+), 
magnesium (Mg2+), sodium (Na+) and ratio between sodium and potassium (Na+/K+) in roots of 
J.curcas plant subjected to nutritional and salinity deficiency. 
 

Variation source GL 
Mean squares 

P K
+
 Ca

2+
 Mg

2+
 Na

+
 Na

+
/K

+
 

Nutrient 3 0.0004
ns

 0.213
**
 0.01

**
 0.008

ns
 0.29

**
 0.046

ns
 

Salt 1 0.0002
ns

 2.00
**
 0.029

**
 0.008

ns
 4.21

**
 3.60

**
 

Nutrient*salt 3 0.0001
ns

 0.007
ns

 0.010
ns

 0.009
ns

 0.09
ns

 0.22
ns

 

CV (%)  9.96 9.70 19.42 16.64 14.17 21.04 
        

Treatments Averages (dag/kg) 

N absence 0.062
a
 1.55

b
 0.26

b
 0.23

a
 0.83

b
 0.58

a
 

K absence 0.063
a
 1.50

b
 0.30

b
 0.22

a
 0.81

b
 0.57

a
 

Mg absence 0.064
a
 1.43

b
 0.34

a
 0.24

a
 0.86

b
 0.65

a
 

Complete Solution 0.063
a
 1.81

a
 0.30

b
 0.23

a
 1.15

a
 0.68

a
 

       

Salt Averages (dag/kg) 

With salt 0.065
a
 1.33

b
 0.26

b
 0.22

a
 1.24

a
 0.93

a
 

Without salt 0.061
a
 1.78

a
 0.33

a
 0.24

a
 0.62

b
 0.35

b
 

 

*Significant at 5% and at **1% probability; ns = not significant by F test. Averages followed by the same 
small letter in the column do not differ at 5% probability by Newman-Keuls test. 

 
 

 

when compared with the average of plants treated with 
lacking nutrients. Calcium concentration (Ca

2+
) was 17% 

lower in the roots of plants treated with nutrient solution 
without nitrogen when compared with the average of 
other treatments. Sodium concentration (Na

+
) was 28% 

higher in the roots of plants treated with the complete 
nutrient solution when compared with the average of 
plants treated without nutrients. K

+
 and Ca

2+
 

concentrations were, respectively, 26 and 22% lower in 

plants irrigated with saline solution as compared to plants 
irrigated with non-saline water. Na

+
 concentration and 

Na
+
/K

+
 ratio were, respectively, 50 and 63% lower in 

plants irrigated with non-saline water when compared 
with the plants irrigated with saline solution. The 
summary of the variance analysis for nutrient 
concentrations in the root system is shown in Table 3. 

Phosphorus concentration was 35% higher in the 
leaves of plants treated with nutrient solution without K

+
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Table 4. Variance analysis and average test for phosphorus (P), potassium (K+), calcium (Ca2+), magnesium (Mg2+), sodium 
(Na+) and sodium and potassium ratio (Na+/K+), and nitrogen (N) in J. curcas plant leaves subjected to nutritional and salinity 
deficiency. 
 

Variation source GL 
Mean squares  

P K
+
 Ca

2+
 Mg

2+
 Na

+
 Na

+
/K

+
 N 

Nutrient 3 1.4x10
-3*

 0.25
ns

 0.01
*
 9x10

-4ns
 7x10

-2ns
 0.27

ns
 0.03

ns
 

Salt 1 0.017
*
 2.78

*
 0.02

*
 10

-5ns
 1,32

*
 5.71

**
 0.001

ns
 

Nutrient*salt 3 10
-4ns

 0.06
ns

 8x10
-3ns

 8x10
-4ns

 0.05
ns

 0.28
ns

 0.011
ns

 

CV (%)  17.91 31.59 24.32 24.33 50.51 26.84 14.65 
         

Treatments Averages (dag/kg) 

N absence  0.062
b
 1.15ª 0.25

ab
 0.12

a
 0.66

a
 0.90

a
 1.02

a
 

K absence  0.084
a
 1.13ª 0.34

a
 0.14

a
 0.86

a
 0.86

a
 1.22

a
 

Mg absence  0.059
b
 0.92ª 0.26

ab
 0.13

a
 0.46

a
 0.65

a
 1.32

a
 

Complete solution 0.043
b
 0.71ª 0.15

b
 0.07

a
 0.59

a
 0.88

a
 1.20

a
 

        

Salt Averages (dag/kg) 

With salt 0.055
a
 0.58

b
 0.19

b
 0.11

a
 1.09

a
 1.72

a
 1.23

a
 

Without salt 0.068
a
 1.35

a
 0.31

a
 0.13

a
 0.43

b
 0.34

b
 1.17

a
 

 

*Significant at 5% and at **1% probability; ns = not significant by F test. Averages followed by the same small letter in the column do not 
differ at 5% probability by Newman-Keuls test. 

 
 
 

Table 5. Multiple regression model to evaluate the effect of root biomass and root nutrients in the total biomass 
accumulation of J. curcas plants subjected to nutritional and salinity deficiency. 
 

Total biomass  

Model explanation F P 
   

R²= 0.679 F(3, 44)=34.165 p<0.001 

Beta Beta standard error B B standard error t(44) p-level 

Intercept   3.582 0.612 5.851 <0.001 

Root biomass 0.713 0.092 1.869 0.242 7.721 <0.001 

Na
+
/K

+
 -0.215 0.094 -0.544 0.238 -2.282 0.027 

Total P  -0.046 0.084 -4.580 8.506 -0.538 0.593 

 
 
 
when compared with the average of the other treatments. 
Ca

2+
 concentration was 47% lower in the leaves of plants 

treated with the complete nutrient solution when 
compared with the average of the other nutrient-deficient 
treatments. Sodium concentration (Na

+
) was 28% higher 

in the roots of plants treated with the complete nutrient 
solution when compared with the average of plants 
treated with those lacking nutrients. K

+
 and Ca

2+
 

concentrations were, respectively, 68 and 49% lower in 
plants irrigated with saline solution as compared to plants 
irrigated with non-saline water. Na

+
 concentration and 

Na
+
/K

+
 ratio were, respectively, 61 and 81% lower in 

plants irrigated with non-saline water when compared 
with the plants irrigated with saline water. The summary 
of the variance analysis for nutrient concentrations in 
leaves is shown in Table 4.  

Multivariate regression showed that the nutrients 
present in roots and root biomass explained 67% of the 
total biomass variation (model R

2
: 0.738; p<0.001) (Table 

5). The partial coefficients indicate that the values were 
significant only for root biomass and Na

+
/K

+
, the relation 

being positive for the former and negative for the latter.  
 
 
DISCUSSION 
 
Under natural conditions, abiotic stresses often occur 
simultaneously and involve complex damage and repair 
mechanisms, causing either reversible or irreversible 
harm to the plants. The nutritional unbalance caused by 
salinity in irrigation water shows that J. curcas is 
moderately tolerant to irrigation water salinity. 

The absence of significant changes in root mass, stem 
and leaf ratios, total carotenoid and chlorophyll leaf 
concentrations (data not shown) caused by irrigation 
water salinity and/or nutritional deficiency points to the 
absence of toxic effects on chloroplasts. On the other 
hand, variations  in  the  concentration  of  photosynthetic 



 
 
 
 
pigments in plants exposed to salinity are indicative of 
toxicity in chloroplasts (Souza et al., 2015). Salinity 
promoted small changes to vegetative growth (biomass, 
height, diameter, number of leaves and leaf area) of J. 
curcas plants. These variations were mainly due to low 
osmotic potential of irrigation solution, which slightly 
changed the plant water status. The reduction in the 
relative water content in plants grown unsder salinity 
possibly limited (even mildly) cell expansion and 
vegetative growth. Approximately, 2/3 of plant growth is 
due to cell expansion, which depends on cell turgor 
provided by tissue hydration (Taiz and Zaiger, 2013). 
Reduction in growth variables in J. curcas plants grown 
under salinity and/or water limitation has been reported in 
literature in numerous studies (Carvalho et al., 2013; 
Carvalho Junior et al., 2014; Oliveira et al., 2010, 2015). 
Despite the long treatment time, it is not possible to 
assert that there was water deficit, but rather a small 
change in water status. The succulent stem of J. Curcas 
plants works as a water buffer, supplying the leaves 
under reduced water availability (Matos et al., 2014b). 
Moreover, J. curcas plants absorb NaCl from saline 
solutions and use Na

+
 and Cl

–
 to accomplish osmotic 

adjustment and continue absorbing water (Da Silva et al., 
2009). Lower plant height under nitrogen deficiency is 
due to the importance of this nutrient to a vigorous 
vegetative stage. Nitrogen is essential for J. curcas plant 
vegetative growth (Do Carmo et al., 2014). Quite 
possibly, a longer treatment would result in significant 
variations in other growth variables. 

Lower concentrations of K
+
, Ca

2+ 
and Na

+
 in the roots of 

plants grown under nutrient deficiency when compared 
with plants treated with the complete solution are due to 
the importance of K

+
 and Ca

2+ 
for the balance of organic 

and inorganic anions in the plant and to increased 
presence of salts in the complete solution. Higher foliar 
Ca

2+
 concentration in plants grown under nutritional 

deficiency can be associated with Ca
2+ 

secondary 
messenger role in the transfer of information to the 
response elicitor target. Despite the reduction in foliar 
Ca

2+
 concentration under salt stress, this nutrient is 

essential for membrane stability and maintenance of 
Na

+
/K

+
 relationship at suitable levels for the plants 

(Lacerda et al., 2004). The chemical similarity between 
phosphorus and cadmium can result in greater 
absorption of the latter because of changes to membrane 
selectivity in the presence of Na

+
 (Taiz and Zaiger, 2013). 

Higher concentration of total P in leaves under K
+
 

deficiency and no difference in the concentration of this 
nutrient in leaves and roots of plants treated with saline 
solution are indicative of maintenance of plasma 
membrane integrity as to total P absorption. 

Salinity caused nutritional unbalance in J. curcas 
plants. High intracellular Na

+
 concentration has possibly 

enhanced the competition for absorption sites with low 
and/or high K

+
 affinity and reduced concentrations of this 

chemical element in plant tissues (root and leaves).  
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According to Taiz and Zaiger (2013), Na
+
 high 

denaturing potential hinders membrane proteins and 
contributes to the reduction of K

+
 internal concentration 

due to the competition with Na
+
 for the same absorption 

site. In addition, intracellular reductions of Ca
2+ 

in plants 
grown under salinity may be associated with increased 
influx of Na

+
 through nonselective cationic channels. 

Epstein and Bloom (2005) stated that excessive Na
+
 

reduces Ca
2+ 

influx and prevents Na
+
 efflux cellular 

detoxification mechanism activated by Ca
2+

. 
The Na

+
/K

+
 ratio (0.93 and 1.72, respectively) in leaves 

and roots of J. curcas plants irrigated with saline solution 
was always higher than that of plants irrigated with non-
saline water due to Na

+
 high accumulation and K

+
 

reduced absorption. According to Dias-López et al. 
(2012), it is common for the Na

+
/K

+
 ratio in J. curcas to be 

higher than 1.2 and lower than 2.5, but for optimal cellular 
metabolism, it should always be lower than 0.6. Multiple 
regressions indicate that the root biomass had a positive 
and fundamental importance for total biomass 
accumulation. However, Na

+
 root concentration and 

Na
+
/K

+
 ratio were the variables that most negatively 

contributed to the plant total biomass accumulation. 
Na

+
/K

+
 ratio is specifically an important indicator of salt 

stress tolerance or susceptibility of J. curcas plants. 
 
 
Conclusions 
 
1. In the present study, it was not possible to identify the 
toxic effects of salt in J. curcas. However, there was 
nutritional unbalance due to high accumulation of Na

+
 in 

the tissues and mild vegetative growth reduction caused 
by small variation in water status. 
2. J. curcas plants are moderately tolerant to the salinity 
of irrigation water. 
3. Salinity causes nutritional unbalance in J. curcas 
plants with significant damage to Ca

2+
 and K

+
 absorption. 
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