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Abstract 
 
The aim of the current study is to assess the growth response, biochemical changes, photosynthetic pigments content and gas 
exchanges of physic nut (Jatropha curcas) grown under natural saline conditions. The experiment was arranged in a completely 
randomized design based on the following soil electrical conductivities: 0.29 dS.m

-1 
(control), 1.76 dS.m

-1
 (moderate salt 

concentration), 2.61 dS.m
-1

 (high salt concentration), 3.79 dS.m
-1 

(very high salt concentration).  Physic nut plants were kept under 
saline conditions for 19 days in greenhouse. Plant growth analyses were performed on a weekly basis. Plant biomass allocation was 
quantified at the end of the experiment.  Leaf gas exchange, stomatal conductance, Fv/Fm and quantum yield were quantified 102 
days after planting. Photosynthetic pigments, amino acids, proline and carbohydrates in fresh leaf tissue were also quantified. The 
leaf antioxidant enzymes catalase (CAT) and ascorbate peroxidase (APX) were quantified.  Although there was no alteration in 
biomass allocation, the initial growth of J. curcas was gradually reduced by increasing salt concentration, which was observed 
through reduced plant height, stem diameter, and total number of leaves. Soil electrical conductivity 3.79 dS.m

-1
 was lethal to 

seedlings. Seedlings exposed to salt stress had their photosynthesis, stomatal conductance, transpiration and effective 
photochemical efficiency reduced, and their catalase and ascorbate peroxidase enzyme activity increased. Amino acids, proline and 
carbohydrate concentrations increased due to salt stress, whereas there was decrease in the chlorophyll content. J. curcas is 
sensitive to soil salinity at electrical conductivity levels higher than 1.76 dS.m

-1
. To some extent, salinity effects can be relieved by 

osmolyte accumulation and by greater antioxidant activity; however, these factors were not sufficient to keep plant growth within 
normal rates.  
 
Introduction 
 
Salt tolerance is often defined as the plant ability to keep 
continuous growth under high soluble salt concentrations 
while cell metabolism remains unchanged (Munns, 2002; 
Roy et al., 2014). Currently, plant capacity to tolerate saline 
soil is of great importance, because the number of problems 
caused by soil salinity increases on a yearly basis. Estimates 
predict that a large portion of the world's irrigated areas are 
degraded due to salinization (FAO, 2011; Gupta and Huang, 
2014). Salinity can negatively affect plant growth and crop 
yield, particularly due to the osmotic and toxic effects from 
saline ions (Niu et al., 1995; Munns and Tester, 2008; 
Munns, 2010). Saline ions excessively absorbed by plants can 
lead to ionic toxicity, which is accumulated in the 
protoplasm. Cell metabolism disturbances affect the 
photophosphorylation, respiratory chain, nitrogen 
assimilation and protein metabolism rates (Munns, 2002). 
Plant response to salinity is a complex phenomenon, so that, 
several studies have been carried out in order to elucidate 
the mechanisms used by plants to adapt to salt stress 
(Munns, 2010; Rahnama et al., 2011; Deinlein et al., 2014; 
Roy et al., 2014; Gupta and Huang, 2014). The salt-tolerance 
of a certain species depends on the efficiency of 
physiological mechanisms that make plants more tolerant to 

high salt concentrations (Flowers, 2004; Moya et al., 1999; 
Lacerda et al., 2003). 

Jatropha curcas L., known as physic nut (pinhão-manso in 
Brazil), is an oilseed species belonging to Family 
Euphorbiaceae, native to tropical America (Arruda et al., 
2004; Gudeta, 2016). It presents relatively rapid growth and 
wide geographic distribution due to its strength. This species 
can grow in tropical wet and dry climate areas, as well as in 
arid lands or in stony soils. Physic nut seeds have high oil 
content (ranging from 30% to 50%), depending on the 
genotype and growing conditions; therefore, the species has 
high potential to be used in biodiesel production (Arruda et 
al., 2004; Divakara et al., 2010). 

Many studies have reported different plant sensitivity 
depending on the salt application method (Campos et al., 
2012; Díaz-López et al., 2012). Pinheiro et al. (2008) showed 
decreased leaf dry weight (by 43.7%) and stem dry weight 
(by 53.5%) in castor bean (Ricinus communis L.) grown in soil 
presenting electrical conductivity (EC) 8.54 dS m

-1
. De Lima 

et al. (2015) also found decreased leaf dry weight (by 47.3%) 
and stem dry weight (by 43.2%) in castor bean 120 days 
after planting at irrigation water EC 3.9 dS m

-1
. 

The most commonly used method to set the sensitivity to 
salinity of J. curcas is the saline irrigation water (Campos et 
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al., 2012; Díaz-López et al., 2012; Silva et al., 2013; Hishida et 
al., 2014; Zhang et al., 2014); however, studies about the 
physiological responses of J. curcas to salinity under natural 
environment conditions remain scarce. Therefore, the 
present study was carried out in natural saline soil in order 
to better understand how J. curcas can tolerate saline soils. 
The aim of the present study was to assess the growth 
response, and the physiological and biochemical changes 
recorded in J. curcas subjected to natural saline conditions. 
 
Results 
 
Saline stress effect on leaf growth, biomass and area  
 
Plant growth was drastically affected when plants were 
subjected to very high salt concentrations (soil EC 3.79 dSm

-

1
), which caused 85% plant death 23 DAP; plants grown 

under moderate and high salinity conditions showed growth 
suppression compared to that of plants grown in soil with no 
salt (control treatment) (Fig. 2). Plant height decreased by 
26.3% and 45.6%, stem diameter decreased by 21% and 
41.3%, and the number of leaves decreased by 18% and 64% 
under moderate to severe salinity conditions, fact that has 
contributed to dry matter reduction in physic nut plants 
(Figure 2). Moderate and high salt concentrations reduced 
root, stem and leaf biomass, and the specific leaf area (Table 
I), whereas leaf area was only affected by very high salt 
concentrations; it presented reduction of approximately 87% 
(Table I). Biomass allocated to different plant parts and 
shoot:root ratio were not affected by salinity. Total plant 
biomass decreased by 37.36 and 90.26%, respectively, under 
moderate and high salt concentration when it was compared 
to results shown by plants grown under non-stress 
conditions. 
 
The effect of saline stress on gas exchanges and on the 
photochemical efficiency of leaves   
 
Leaf gas exchanges were strongly affected by salinity, which 
led to consecutive stomatal conductance, transpiration and 
photosynthesis reduction, even under moderate salinity 
conditions (Fig. 3A, B and C). Saline stress reduced 
photosynthetic rates, which presented reduction close to 
49% and 72% in the morning and 56% and 88% in the 
afternoon in plants cultivated under moderate to severe 
saline conditions, respectively (Figure 3C). The same 
happened with stomatal conductance and transpiration, 
which had reduction by 95% in plants cultivated under high 
salinty conditions when they were compared to plants 
cultivated in soil with no salt (Figures 3A, B). A similar 
response was recorded for the effective quantum yield (Fig. 
3E); under salinity stress, plants did not show chronic 
photoinhibition. However, plants showed pronounced 
dynamic photoinhibition at noon, when soil salinity levels 
increased (Fig. 3D), which generates the trend of rapid 
recovery at the end of the day (Fig. 4D). Overall, Fv/Fm 
remained above 0.7 under all the assessed stress conditions 
early in the day (Fig. 3D). However, at periods of high sun 
radiation, plants presented Fv/Fm reduction by 12.4% and 
17.8% under moderate to high salinity conditions, 
respectively. Similarly, effective photosystem II quantum 
yield (ΦPSII) recorded 24 and 51% reduction under 
moderate to severe salinity stress, respectively.  

Salinity stress resulted in low stomatal conductance, which 
remained close to zero (Figure 4A); similar response was also 
recorded for photosynthesis and transpiration (Fig. 4B, C). 
Stomatal conductance remained practically constant 
throughout the day in plants grown under non-stress 
conditions; on the other hand, transpiration rates increased 
as temperature increased in parallel to VPD increase (Fig. 
1F). Moderate salt stress also increased the dynamic 
photoinhibition, mainly in the afternoon, but it recovered its 
Fv/Fm at the end of the day. (Figure 4D). 
 
Saline stress effect on the organic solutes and on the 
antioxidant enzyme   
 
Salinity, even at moderate level, led to reduction in the 
chlorophyll, carotenoid and soluble protein contents (Fig. 5). 
Such reduction was remarkable in chlorophill a, which 
presented reduction by 21% and 53% in plants cultivated 
under moderate to severe salinity conditions, when they 
were compared to plants grown in soil without salt (Figure 
5B). Similar responses were recorded for carotenoids and 
proteins showing reduction rates above 26% due to salt 
(Figures 5D, E).     

Overall, only high salinity conditions caused amino acids 
and proline level increase and carbohydrate content 
reduction (Figure 5). Plants cultivated under high salinity 
conditions recorded 53% of increase in amino acids level 
(Figure 5F). The same happened with the proline level, which 
recorded 45% increase in response to severe saline stress 
(Figure 5G). Similarly, only severe salt stress led to higher 
activity of  antioxidant enzymes such as ascorbate, 
peroxidase and catalase, as well as to increase by more than 
50% in their activity under such conditions (Fig. 5 I, J).  
 
Discussion 
 
The present study showed that the dry weight reduction in J. 
curcas derived from moderate saline stress, fact that may 
indicate that growth suppression was primarily caused by 
the water restriction resulting from the salinity osmotic 
effect. Hishida et al. (2014) found decreased biomass 
production in J. curcas grown under salt stress. According to 
these authors, biomass production is strongly reduced in 
non-halophytic plants, because salt stress results in stomata 
closure, which reduces CO2 fixation rates, photosynthetic 
activity and, consequently, plant growth. Accordingly, De 
Lima et al. (2015) found negative effect on the growth and 
productivity of castor beans grown under salt stress, even 
when the soil was irrigated with water presenting low 
salinity level. 

Early in the morning, the photosystem II maximum 
quantum yield (Fv/Fm)  dropped to lower than 0.7, fact that 
indicates dynamic photoinhibition in J. curcas plants grown 
under the highest salinity stress level. It probably happened 
due to the influence of NaCl ions, which can cause significant 
damages to components in the electron-transport chain 
(Ashraf and Harris, 2013). The restoration from dynamic 
photoinhibition in J. curcas plants was verified through 
increase in Fv/Fm at the end of the day. It allowed plants to 
repair damages caused to the photosynthetic components 
during salt stress. This recovery of the structural integrity of 
photosystem II was probably favored by lower irradiance in  
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Table 1. Leaf area, dry mass of leaves, root and stems, proportion of leaf (%), stem (%), root (%), root / shoot ratio, leaf area ratio 
(LAR) and specific leaf area (SLA) of Jatropha curcas plants submitted to different concentrations of NaCl control (0 g NaCl Kg-1 of 
soil), moderate salt stress (1 g NaCl Kg-1 of soil) and high salt stress (2 g NaCl Kg-1 of soil).  

Morphological Parameters  
Treatments 

Control Moderate Stress Severe Stress 

Leaf DM (g) 9.60 A 6.95 B 1.04 C 
Stem DM (g) 21.14 A 12.87 B 2.02 C 
Root DM (g) 7.03 A 3.84 B 0.62 C 
Leaf area (cm2) 2216.59 A 1856.34 A 296.33 B 
% Leaf 25.41 A 29.36 A 28.21 A 
% Stem 55.97 A 54.40 A 55.01 A 
% Root 18.62 A 16.25 A 16.78 A 
Total mass (g) 37.80 A 23.7B 3.70C 
Root/Shoot  0.23 A 0.19 A 0.21 A 
L A R ( cm2g-1) 58.68 A 78.45 A 80.70 A 
S L A (cm2g-1)  231.42 B 267.37 A 291.98 A 

                          Means followed by the same letter do not differ at 5% probability by Tukey test.  

 
 
 
 
 

 
 
Fig 1. Mean temperature (ºC), luminosity (WJ m-2 day-1) and vapor pressure deficit (KPa) inside the greenhouse (090 27' 57,3” S e 
350 49' 57,4” W), at a mean altitude of 127 meters, throughout the experiment and at 102 DAP (A, B e C) e Last day of experiment 
(D, E e F).  
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Fig 2. Plant height, cm (A), collect diameter, mm (B) and 
total leaf number (C) of Jatropha curcas plants submitted to 
different concentrations of NaCl control (0 g NaCl Kg

-1
 of 

soil), moderate salt stress (1 g NaCl Kg
-1

 of soil) and high salt 
stress (2 g NaCl Kg

-1
 of soil). The bars indicate the standard 

error of the mean. Means followed by the same letter do not 
differ at 5% probability by Tukey test.  
 
combination with lower temperatures in the afternoon 
(Powles, 1984); these results were similar to those reported 
in other studies with J. curcas (Hishida et al., 2014). 
Nevertheless, Silva et al. (2013) demonstrated that saline 
solution irrigation for 14 days did not change the 
photochemical efficiency of photosystem II in young J. 
curcas plants.  

J. curcas plants also showed decreased effective PSII 
quantum yield due to salinity increase in consequence of the 
negative effect of salt stress on the photosynthesis 
apparatus. Actually, several studies involving different plant 
species such as Ricinus communis L. (Li et al., 2010) and 
Mangifera indica L. (De Lucena et al., 2012) have shown that 
the PSII effective quantum yield progressively decreases 
when the salt content in soil solution increases. 

Chlorophyll degradation under salt stress may indicate 
possible damages to the photosynthetic system in J. curcas 
leaves. Campos et al. (2012) also showed decreased total 
chlorophyll content in J. curcas grown under salinity 
conditions, but no such effect was observed in the 
carotenoid content. Overall, there is strong evidence that 
salt stress can reduce chlorophyll concentration, fact that 
has been attributed either to the decreased recovery ability 
of the photosynthetic apparatus or to lower chlorophyll 
synthesis caused by the decreased number of specific 
enzymes involved in pigment synthesis (Sharma and Hall, 
1991; Vajpayee et al., 2000; Meeta et al., 2013). 

The salinity–stress tolerance mechanism is known as the 
ability of plant cells to osmotically adjust and to accumulate 
organic solutes such as sugars and amino acids (Silveira et 
al., 2003). Our study showed that moderate salinity levels 
(EC 1.76 dS.m

-1
) did not affect the amino acid, proline and 

carbohydrate; they were only affected by higher salt 
concentrations. However, Campos et al. (2012) found 
increased osmolyte levels in J. curcas plants cultivated in 
higher salt concentration (EC, 3.5 dS m

-1
) in the irrigation 

water. Contradictory results about J. curcas seedlings were 
recorded by Díaz-López et al. (2012), who did not find any 
contribution from the osmotic adjustment resulting from 
osmolytes accumulation when plants were under salt stress. 
They showed that seedlings can tolerate saline irrigation 
water at EC up to 4 dS.m

-1
. The different responses to 

osmolytes accumulation in J. curcas plants probably derive 
from the variety of methods used in soil salinization, since 
most studies focus on using saline irrigation water instead of 
saline soil. 

The lower protein content in salt-stressed of J. curcas 
plants can be attributed to the salt-induced toxic effects 
caused by protein synthesis decrease and by protein 
hydrolysis increase (Levitt, 1980). Kumar et al. (2008) also 
found decreased protein content in J. curcas callus under 
100 mM of NaCl; their findings corroborate the results in the 
present study. These results also corroborate other studies, 
such as that by Campos et al. (2012), who found decreased 
protein levels in J. curcas plants grown under saline 
conditions. 

Higher CAT and APX activity in J. curcas plants subjected to 
extreme salinity conditions can be attributed to the 
increased levels of reactive oxygen species (ROS) often 
produced under high salinity condition (Zhang et al., 2016). A 
remarkable increase in the APX activity was observed in 
more salt-tolerant Beta vulgaris L. (Bor et al., 2003) and  
Sesamum indicum L. cultivars (Koca et al., 2007). Previous 
studies with Triticum aestivum L., Oriza sativa L., Zea mays L. 
evidenced that salt-tolerant genotypes had a more efficient 
antioxidative system (Sairam et al., 2002; Demiral and 
Turkan, 2005; De Azevedo Neto et al., 2006). According to 
Sreenivasulu et al. (1999), the increased enzyme activity of 
APX may play a key role in the tolerance to oxidative stress. 
The APX and CAT activity in our study remained unchanged 
under moderate salt stress. Therefore, it seems reasonable 
to assume that a non-enzymatic antioxidant system may be 
enough to neutralize ROS produced by the salt stress effects 
on J. curcas under moderate salinity level (Foyer and Noctor, 
2003). Accordingly, Mittler (2002) also showed that the CAT 
activity only increased in tissues presenting the highest H2O2 

content.  The  peroxisomal  generation of  H2O2 is favored by  
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Fig 3. Stomatal conductance, gs (A), transpiration, E (B), photosynthesis, A (C), maximum quantum yield of photosystem II, Fv/Fm 
(D) and effective quantum yield of the photosystem II, ΦPSII (E) of Jatropha curcas plants submitted to different concentrations of 
NaCl control (0 g NaCl Kg-1 of soil), moderate salt stress (1 g NaCl Kg-1 of soil) and high salt stress (2 g NaCl Kg

-1
 of soil) in the 

morning and afternoon. Means followed by the same capital letters or lower case letters do not differ at 5% probability by Tukey 
test. Means in the same treatment for morning and afternoon followed by ** or * differ at 1% and 5%, respectively, by t-test. 
 
 

 
Fig 4. Stomatal conductance, gs (A), transpiration, E (B), photosynthesis, A (C), maximum quantum yield of photosystem II, Fv/Fm 
(D) of Jatropha curcas plants submitted to different concentrations of NaCl control (0 g NaCl Kg-1 of soil) and high salt stress (2 g 
NaCl Kg

-1
 of soil) throughout the day (last day of stress). The bars indicate the standard error of the mean. 



568 
 

 
Fig 5. Total chlorophyll (A), Chlorophyll a (B), Chlorophyll b 
(C) and carotenoid concentrations (D), protein (E), amino 
acid (F), proline (G) carbohydrate (H) and antioxidant 
enzymes ascorbate peroxidase, APX (I) and catalase, CAT (J) 
of Jatropha curcas plants submitted to different 
concentrations of NaCl control (0 g NaCl Kg-1 of soil), 
moderate salt stress (1 g NaCl Kg-1 of soil) and high salt 
stress (2 g NaCl Kg

-1
 of soil). The bars indicate the standard 

error of the mean. Means followed by the same letter do not 
differ at 5% probability by Tukey test.  
 
stress conditions; CAT eliminates excessive ROS 
accumulation, but organelle membranes are very permeable 
to H2O2, thus, the excessive ROS accumulation in the 
peroxisomes of J. curcas plants may migrate to cytosol and 
be eliminated by APX enzymes (Bienert et al., 2006; 
Davletova et al., 2005). 

Materials and methods 
 
Study area and experimental design 
 
The experiments were conducted in greenhouse 
(09

0
27'57.3”S, 35

0
49'57.4”W, 127 m) and arranged in 

completely randomized design, according to the following 
treatments: control (0 g NaCl Kg

-1
 of soil), moderate salt 

concentration (1 g NaCl Kg
-1

 of soil), high salt concentration 
(2 g NaCl Kg

-1
 of soil), and very high salt concentration (3 g 

NaCl Kg
-1 

of soil), with 12 repetitions per treatment. Each 
plot consisted of a pot containing 7 kg of soil. 

Each pot received NaCl blended with soil, according to the 
dry soil weight. All pots were kept close to field capacity for 
seven months; fact that changed the physical and chemical 
properties of the soil, which were similar to the changes 
naturally recorded in salinized soils (Richard, 1954). 
Subsequently, the electrical conductivity (EC) of the 
saturated soil extract was measured through the EMBRAPA 
method (EMBRAPA, 1997)- EC values 0.29; 1.76; 2.61 and 
3.79 dSm

-1
 for (1) the control, with no salt application; the 

(2) moderate salt concentration; the (3) high salt 
concentration; the (4) very high salt concentration, 
respectively. Next, J. curcas seeds were sown in individual 
pots (5 seeds per pot); each pot was irrigated with distilled 
water on a daily basis during the entire plant growth period 
to keep rates close to field capacity. Excess irrigation water 
was avoided in order to prevent salt leaching; however, 
there was excess of irrigation water when it was collected 
and reused in the same pot. 

Seed germination was monitored up to 23 days after 
sowing (DAS); time when all seedlings (in soil without salt 
application) showed fully expanded cotyledons. From this 
time on, the seedlings were thinned in order to leave one 
plant per pot and assess plant growth and development. 
Plant height (cm), stem diameter (mm) and the total number 
of leaves were weekly measured with the aid of graduated 
ruler and digital caliper. 

Environmental conditions were monitored during the 
experiment in an automatic weather station (model WS-
GP1; DELTA-T Devices, Cambridge, England) located inside 
the greenhouse. Temperature and relative air humidity were 
recorded every 5 minutes; solar radiation was measured 
every 10 seconds. Vapor pressure deficit (VPD) was 
calculated based on temperature and relative humidity. 
Greenhouse environmental conditions during the 
experiment are shown in Figure 1. 
 
Physiological and biochemical analysis 
 
Photochemical efficiency was measured in the middle of the 
youngest fully-expanded leaves of each plant 102 days after 
planting. Photosystem II (Fv/Fm)  maximum quantum yield 
was measured at 4:30 am, and at noon, with the aid of a 
portable chlorophyll fluorometer (model OS-1FL; ADC 
BioScientific, Ltd., Hoddesdon, England) at saturating light 
pulse 1 s duration, according to the method described by 
Maxwell and Johnson (2000). Plants were dark-adapted for 
20 minutes by using leaf clips before the Fv/Fm 
measurement. The effective photosystem II quantum yield 
(ΦPSII) was measured between 11:00 am and noon according 
to Schreiber et al. (1995), on the same leaves. Two readings 
were taken on individual plants.  
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Leaf gas exchange measurements were performed in the 
middle of the youngest fully-expanded leaves of each plant 
(one reading per plant), between 10:00 am and noon, with 
the aid of a portable photosynthesis system (IRGA) (model 
LCi; ADC BioScientific, Ltd., Hoddesdon, England). All 
measurements were taken at normal environmental CO2 
concentration and relative humidity. The CO2 concentration 
inside the cuvette was kept close to 370 µL L

-1
. 

Photosynthetic photon flux density in the IRGA cuvette was 
fixed at 900 µL mol m

-2
 s

-1
 by using an artificial light source. 

The following parameters were analyzed: photosynthesis 
(A), stomatal conductance (gs), transpiration (E), internal 
CO2 concentration (Ci) and instantaneous carboxylation 
efficiency (A/Ci). 

Plants exposed to the highest saline concentration, and 
the control treatment, were selected to have their leaf gas 
exchanges and Fv/Fm monitored throughout the day. Data 
were recorded every two hours, from 6:00 am to 5:00 pm, 
according to the previously described procedures. Pigment 
contents (chlorophylls and carotenoids) were determined at 
102 DAP, after organic solvent extraction, according to 
Hendry and Grime (1993). Leaves were collected 128 DAS, 
immediately frozen in liquid nitrogen, and stored at -70ºC, 
until the time to perform the biochemical analyses described 
below. 

The enzyme activity was determined through the 
spectrophotometric method; samples containing 20 mg of 
plant tissue were macerated in 2 mL of potassium phosphate 
buffer, and then centrifuged. The supernatant was collected 
and used to set ascorbate peroxidase (APX) (EC 1.11.1.11) 
and catalase (CAT) (EC 1.11.1.6) activity. The CAT activity 
was determined through the method described by Havir and 
Mchale (1987). The APX was determined according to 
Nakano and Asada (1981). Total protein concentrations were 
estimated through the Bradford assay method (Bradford 
1976); bovine serum albumin was used as protein standard. 
The total protein concentration resulted from the same 
extract used for the enzyme activity.  

Total amino acid concentrations were determined through 
the method by Yemm and Cocking (1955). Approximately 2 g 
of plant tissue were macerated in 2 mL of 0.01 M K-Na 
phosphate buffer (pH 7.6). Amino acid contents were 
determined by using absorbance at 570 nm. An amino acid 
pool was used as standard. The procedure described by 
Bates et al. (1973) was used in proline quantification. Proline 
PA was used as standard curve. Carbohydrate 
determinations were performed through the method 
proposed by Dubois et al. (1956). The D (+) anhydrous 
glucose was used as standard.  

Six plants per treatment were selected to determine leaf 
area (cm

2
), fresh weight and dry weight of plant parts (roots, 

stems and leaves) 129 DAS. Leaf area was quantified in a leaf 
area integrator (LI–3100, Licor). Leaves were dried in forced 
air circulation oven for 72 h at 65 ºC, and weighed. Root and 
stem dry weight were calculated through the same 
procedure adopted to measure the leaf dry weight. The 
following parameters were calculated: 

 Biomass allocation to leaves = 
𝐿𝑒𝑎𝑓 𝐷𝑀 

𝑃𝑙𝑎𝑛𝑡 𝐷𝑀 
 𝑥 100 (%) 

            (1) 

 Biomass allocation to stems =  
𝑆𝑡𝑒𝑚 𝐷𝑀 

𝑃𝑙𝑎𝑛𝑡 𝐷𝑀 
 𝑥 100 (%)  

   (2) 

 Biomass allocation to roots = 
𝑅𝑜𝑜𝑡 𝐷𝑀 

𝑃𝑙𝑎𝑛𝑡 𝐷𝑀 
 𝑥 100 (%) 

              (3) 

 Root/A.P. = 
𝑅𝑜𝑜𝑡 𝐷𝑀 

𝐴𝑒𝑟𝑖𝑎𝑙 𝑝𝑎𝑟𝑡 𝐷𝑀 
    

    (4) 

 Leaf area ratio (LAR) = 
𝐿𝐴

𝑃𝑙𝑎𝑛𝑡 𝐷𝑀 
    

              (5) 

 Specific leaf area (SLA) = 
𝐿𝐴

𝐿𝑒𝑎𝑓 𝐷𝑀 
    

              (6) 
Wherein: 
DM = Dry mass 
LA = Leaf area 
 
Statistical analysis 
 
Data were analyzed through analysis of variance and the 

means were compared by Tukey’s test (P  0.05). The daily 
mean of gas exchange curve was compared through t-test (P 

 0.05; P  0.01). Statistical analyses were performed in the 
ASSISTAT statistical software version 7.5 beta (2008). 
 
Conclusion 
 
J. curcas is very sensitive to salt stress. Salinity levels in the 
soil at EC 3.79 dS.m

-1
 are deleterious to J. curcas seedlings; it 

leads to more than 85% seedling death few days after seed 
germination. Therefore, J. curcas plants should not be 
cultivated in saline soils presenting EC higher than 1.76 dS.m

-

1
. To some extent, salinity effects on the photochemical 

apparatus of J. curcas can be attenuated by the increased 
antioxidant activity of CAT and APX enzymes, by the higher 
accumulation of osmolytes, especially amino acids; and by 
the protective effect of proline on the enzymatic apparatus. 
However, this metabolic alteration is not sufficient to 
prevent growth reduction in response to salt stress in soil 
presenting EC as low as 1.76 dS.m

-1
. 
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