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Abstract
Jatropha curcas L. is an important bio-fuel crop however, it’s tolerance to salinity especially with
reference to changes in physical characteristics has been hardly studied. This work aimed to
evaluate Jatropha. curcas L. tolerance to salinity stress using physical growth patterns, leaf
shedding and mineral nutrient deposition. Jatropha curcas L. seedlings were grown under four
different levels of NaCl concentration: 0 (control), 25, 50 and 100 mM under greenhouse conditions.
Harvesting was done when average transpiration of each treatment was less than 50% and 75% as
compared to the control.
Results showed a significant variation in transpiration rate among the salinity treatments and
control. A gradual reduction in the biomass yield of seedlings with increasing concentration of NaCl
was observed. Reference to the result of IC50, the seedlings were tolerant to NaCl irrigation up to 54
mM. Additionally, seedling stems and roots accumulated large amounts of Na and K; a large
amount of K particularly accumulated in the stem part, and was likely responsible for the low Na/K
ratio observed in the stem. Defoliation however occurred with even irrigation of as low NaCl
concentration as 25 mM. Thus, we report that Jatropha curcas L. is highly sensitive to Na
accumulation, especially in the root-zone.
Keywords: Jatropha curcas L., salt tolerance, growth, defoliation, nutrient concentration

1. Introduction
Jatropha curcas L. (Linnaeus) is a multi-purpose small tree/bush under the family Euphorbiaceae.
It is native to tropical America, but now grown in several parts of the tropics and sub tropics in
Africa and Asia (Openshaw, 2000). Recently J. curcas has been receiving attention as a source of
good quality bio-fuel from its seeds; other traditional uses of this plant include: use as a hedge to
protect fields, green manure, oil-soap production and medicinal goods (Kumar & Sharma, 2008). It
has characteristics of high temperature tolerance and can grow under low fertility and moisture
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conditions (Augustus, Jayabalan & Seiler, 2002). In addition, it is rarely troubled by pests and
diseases and will grow on a wide range of annual rainfall from 200 to over 1500mm (Openshaw,
2000). Thus, it is claimed that it can grow on degraded or un-vegetated sites in arid and semi-arid
areas (Augustus et al., 2002). Jatropha curcas L has also been thought to be beneficial in
environmental remediation of degraded land and in terms of job creation around Jatropha curcas L
plantations (Francis, Edinger & Becker, 2005). Cultivation of the plant in arid and semi-arid regions
requires intensive irrigation and fertilization which may cause salinization due to progressive salt
accumulation in the soils as a consequence of the salt dissolved in the irrigation water and
associated high evapotranspiration rates (Chaves, Flexas & Pinheiro, 2009). It is claimed that 6% of
the world’s land and 30% of the world’s irrigated areas already suffer from salinity related problems
(Munns & Tester, 2008). Agriculture in such regions will increasingly be forced to utilize marginal
or salinity water, which pose risks of soil salinization and yield reduction (Paranychianakis &
Chartzoulakis, 2005).
Salinity is the major environmental factor limiting the growth and productivity of crops
(Allakhverdiev, Sakamoto, Nishiyama, Inaba & Murata, 2000). Under salinity conditions, water
uptake by plants is inhibited due to low soil water potential; plants also suffer physiological and
biochemical disturbances and oxidative stress from toxic effects of Na+ and Cl－; there’s also a
decrease in internal availability of nutrients due to changes in the absorption of essential nutrients
(Hasegawa, Bressan, Zhu & Bohnert, 2000, Zhu, 2001, Munns, 2002).
E.N. Silva et al. revealed that J. curcas plants exhibited avoidance to salinity stress conditions by
closing stomata (Silva, Ribeiro, Ferreira-Silva, Viégas & Silveira, 2010). Kumar et al. had also
reported that NaCl induced an oxidative stress in callus (Kumar, Pamidimarri, Kaur, Boricha &
Reddy, 2008). Patel, Panchal, Pandey and Pandey (2010b) discussed changes in tissues and wholeplant accumulation patterns of nutrients, as well as possible mechanisms for avoidance of sodium
toxicity in response to salinity. According to Díaz-López et al. (2012), their work suggested that this
crop showed a moderate tolerance to salinity using growth and Salt-Tolerance index (ST-index).
Although there are several research studies on the reduction of biomass as a result of salinity stress
above mentioned, no study focused on specific physical reduction effects, such as leaf shedding.
This study therefore, aimed to evaluate J. curcas salt tolerance by observing growth, nutrient
deposition and defoliation.

2. Material and Methods
2.1. Planting Materials and Experimental Conditions
J. curcas seeds imported from Tanzania were sown and grown for three weeks in small black tray
nursery beds under greenhouse conditions at Tottori University, Japan. The seedlings were then
transplanted into bigger plastic pots (20 cm height, 3.0 L) in sandy soil (soil characteristics are
shown in Uzoma et al. 2011). The soils were mixed with chemical fertilizer (Total N: 0.44, P: 2.75,
K: 0.57 g pot－1). Eighty four days after sowing, NaCl irrigation was done at the following rates: 0
(control), 25, 50 and 100 mM. The pots were kept at field capacity using the corresponding NaCl
irrigation water (volumetric soil water content; 8%). The pots were covered with aluminum foil to
prevent evaporation from the soil surface. The amount of transpiration of each treatment was
monitored by weighing pots bi-hourly from 6:00 to 18:00 every day. After measuring the final
weight each day, NaCl irrigation was done to replace the lost water. Fallen leaves were promptly
collected from each seedling and kept in sampling bags till the end of the cultivation cycle. Air
temperature was maintained at 19－31 °C and relative air humidity at more than 55%.
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2.2. Growth, Nutrient Deposition, and Harvesting of Samples
Sample harvesting was done at two levels, when average transpiration rate per hour at the peak of
each treatment was less than 50%, and 75% as compared to that of the control. Inhibition rate (IR)
at the 50 and 75% transpiration rates is denoted by IR50% and IR75% respectively. The final
harvesting was carried on three seedlings for all treatments on Day 61; detailed harvesting patterns
are shown in Table 1. The height and trunk diameter of each seedling were recorded at each
harvesting time. Harvested seedlings were then separated into leaves, fallen leaves, stems (including
branches), and root parts. All parts were then oven-dried at 80 °C for 48 h and biomass weighed.
Water use efficiency (WUE; g dry biomass L-1) was calculated as total dry weight per amount of
cumulated transpiration for each seedling (Begg & Turner, 1976). All treatments were replicated
three times.
The dried biomass parts were ground into fine powder, sieved and stored for various analytical
procedures. For nutrient deposition, the powder (50 mg) was digested with a mixture of 1 mL 99%
H2O2 and 1 mL of concentrated H2SO4 under heating. Total nutrients Na and K were determined
using standard procedures on atomic absorption spectrometry (Z-2300, Hitachi, Tokyo, Japan).

2.3. Evaluation of Nacl Tolerance
Assessment of the seedling tolerance to salinity was done according to procedures suggested by
Maas and Hoffman (1977), Steppuhn, van Genuchten and Grieve (2005a), and Díaz-López et al.
(2012), Relative total dry weight (the total dry weight after NaCl irrigation treatment － the total
dry weight before NaCl irrigation treatment) is denoted as yield (Y). Relative yield (Yr) was
determined using the formula; Yr = Y / Ym where Ym is the relative total dry weight in 0 mM
(control). After the calculation of Yr according to Díaz-López et al. (2012), an exponential model
was used to evaluate the NaCl tolerance. Yr = a＊eb*ECi where, ECi is the electrical conductivity of
irrigation water, ‘a’ and ‘b’ are constants. Additionally, Salt-Tolerance index (ST-index) was
calculated, and used as an indicator for inherent tolerance of the crop to root-zone salinity (Maas &
Hoffman, 1977, Steppuhn et al., 2005a). ST－index = ECi50 (1 + b) where, ECi50 is the electrical
conductivity of irrigation water that reduces the yield to 50% of the maximum yield.

2.4. Statistical Analysis
Each experimental data were subjected to statistical analyses using R version 2.12.0 (The R
Foundation for Statistical Computing). Treatment differences were assessed using ANOVA at p＜
0.05 level of significance, while treatment means were separated using Tukey’s multiple-range test.
Linear and curve regression analyses were used to check for trends in the residuals.

3. Results
3.1. Harvesting Time
Growth rate under IR50%, 100 mM treatment was highest, reaching harvesting at day 4, followed by
25 and 50 mM (Table 1). However, there were no significant differences in the amount of NaCl
accumulated at that time. The harvesting time in IR75%, 100 mM treatment followed a similar
tendency as IR50% above; additionally, NaCl irrigation induced significant differences in the amount
of accumulated NaCl at that time. On the last harvesting day (Day 61), 100mM treatment showed
the highest level of accumulated NaCl; this increased with NaCl concentration, and was
significantly higher as compared to the other treatments.
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Table 1. Harvesting days and amount of cumulated NaCl in irrigation water

Note: **and*** indicate significant differences at P< 0.05 and 0.001, and ns indicates not significantly different.
Means with the different letters are significantly different by Tukey's multiple range tests (P< 0.05). L
indicates linear regression analysis.

3.2. Transpiration Rate
The highest transpiration rate was 16.36 ± 1.56 mL at 12-13 o’clock in 0 mM treatment (Figure 1);
in addition, this treatment was significantly different from other treatments at 6‐18 o'clock, though
there were no significant differences before 6 and after 18 o’clock. The time zone of 10-11 o’clock
showed the highest amount of transpiration, 7.77 ± 0.87, 4.58 ± 0.68, 2.80 ± 0.50 mL h － 1
respectively in the plants irrigated with 25, 50 and 100 mM NaCl treatments. There were significant
differences between 25 mM and 100 mM treatments at 6‐18 o'clock, though 50 mM treatment had
no significant difference with 100 mM treatment throughout.

Note: Bars represent standard errors (n = 3); ‘means’ with different letters are significantly different; ‘ns’
indicates non-significant difference by Turkey’s multiple range tests (P< 0.05).

Figure 1. Seedling transpiration rate during different time zones
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3.3. Growth Rate
In IR50% at harvest, height and trunk diameter showed no significant differences among the NaCl
irrigation treatments (Table 2). However, the leaf dry weight had a strong correlation with salinity
level at that time. In IR75%, dry weight was significantly affected by salinity stress in all parts except
leaves. At the end of cultivation, highest total dry weight yield and cumulative transpiration was
observed in 0 mM treatment, though the minimum value for water use efficiency (WUE) was also
observed in this treatment. Throughout the entire experiment, specific leaf area (SLA) tended to
decrease with cultivation time. Cumulative transpiration showed high correlation with level of
salinity at all harvesting times. All parameters measured strongly correlated with salinity stress as
cultivation time progressed.
Table 2. Seedling growth and yield characteristics, and water-use dynamics during cultivation

Note: Values are the mean of 3 samples; *, ** and *** indicate significant differences at P< 0.05, 0.01 and
0.001 and ns indicates not significantly different. Means with the different letters are significantly different by
Tukey's multiple range tests (P< 0.05). L indicates linear regression analysis.

3.4. Growth Inhibition
At the final harvesting time, IC50% (Inhibitory concentration of 50% dry weight - half as compared
to that under the control) occurred at 54 mM NaCl irrigation treatment (Figure 2). ECi50 (EC of
NaCl reducing yield by 50% of the maximum possible yield) and the salt-tolerance index (STindex) were 5.63 dS m－1 and 6.23 dSm－1 respectively (Figure 3).
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Figure 2. Relative biomass yield as affected by NaCl irrigation at final harvest

Note: *** indicates significantly different at P< 0.001.Bars represent standard errors (n = 3). Means with the
different letters are significantly different by Tukey's test (P< 0.05). “a” is a constant that reflects the shape of
the curve, and “b” is always negative and defines the intensity of the model.

Figure 3. Relative yield as influenced by NaCl irrigation at final harvest
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Table 3. Na and K of concentration and Na/K in different parts of
J. curcas seedlings at different harvest times

Note: *, ** and *** indicate significant differences at P< 0.05, 0.01 and 0.001 and ns indicates not significantly
different.
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3.5. Mineral Nutrient Deposition
At IR50% and IR75%, at same transpiration inhibition rate, highest leaf Na concentration was found in
the 25 mM treatment, and this was significantly different from other treatments (Table 3). Leaf Na
concentration was generally high at all harvesting times. Meanwhile, K was predominant in the
stem, thus Na/K ratio was lower as compared to other parts.

3.6. Defoliation
Table 4 shows soil and leaf cumulated Na concentration under the different NaCl treatments at the
time of 1st, 2nd and 3rd defoliation. After onset of initial defoliation, seedlings continued to shed
leaves in all treatments. The number of fallen leaves increased with soil and leaf cumulated Na
concentration; initial defoliation of the 1st – 3rd leaves however, appeared uncorrelated to soil and
leaf Na concentration. Amount of Na in soil (irrigation water) and fallen leaves in J. curcas
seedlings at the time of 1st, 2nd and 3rd leaf falling showed no significant difference under different
NaCl irrigation treatment.
Table 4. Soil and leaf Na concentration under the different
NaCl treatments at the time of the 1st , 2nd and 3rd defoliation

Note: ns indicates not significantly different. Means with the different letter are significantly different by
Tukey's multiple range tests (P< 0.05). L indicates linear regression analysis.

4. Discussion
Under high salinity conditions, plants experience water stress resulting from increased amounts of
sodium which lowers osmotic potential of soil (Wang et al., 2003). This condition causes plants a
general reduction in size and dry matter production (Garg & Gupta, 1997, Taiz & Zeiger, 2006). In
this study, seedlings became sensitive to salinity as NaCl accumulated in the root-zone (Table 1).
The growth of Kenaf (Hibiscus cannabinus) under moderate salt stress is affected primarily through
a reduction in elongation of the stem (Curtis & Lauchli, 1986); high concentration of salt induces
root growth to slow down or stop elongation (Kramer, 1983, Patel et al., 2010b) and causes
reduction in root production (Garg & Gupta, 1997). Results of this study indicate that dry matter
yield of all parts decreased as salinity concentration; all parameters except leaf dry weight were
correlated with NaCl irrigation as days of treatment increased (Table 2). This result confirmed that
the lowest dry matter yield reduction in response to increasing salinity occurs in the leaves (Patel,
Jadeja & Pandey, 2010a); On the other hand, SLA (specific leaf area) increased with the increasing
salinity solution.
Under saline conditions, plant growth is inhibited/reduced by: osmotic effect (change in plant
water status), toxic effect (leading to physiological and biochemical disturbances and oxidative
stress) and the nutritional imbalance effect (caused by alterations in absorption of essential
nutrients) (Hasegawa et al., 2000, Zhu, 2001, Munns, 2002). Focusing on plant osmotic effect,
transpiration rate and water retention decreased under short-term NaCl stress in jute (Chaudhuri &
Choudhuri, 1997). In addition, with increasing salt concentration, transpiration rate decreases
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significantly in the halophyte S. salsa (Lu, Qiu, Lu, Wang & Kuang, 2002). In this study, the
inhibition rate of transpiration increased dramatically on treatment with high NaCl concentration
despite low amount of cumulated NaCl in the root zone (Figure 1). This observation suggested salt
shock occurred in high NaCl treatments arising from high irrigation water salinity (Parida & Das,
2005). On the other hand, transpiration rate and amount of cumulated transpiration of J.curcas
seedlings under salinity conditions were less than half as compared to the control condition (Figure
1, Table 2). This response by plants to minimize water loss through transpiration and salt loading is
a typical mechanism observed in salinity resistant plant species (Steppuhn et al., 2005a). After final
harvesting, WUE (water use efficiency) of control was the lowest. Contrarily, highest WUE was
recorded in the 100 mM treatment at final harvesting time. This is the reason why transpiration is
negatively correlated with the instantaneous water-use efficiency in J. curcas seedlings (dos Santos
et al., 2013). According to Chaves and Oliveira (2004), at the beginning of water deficit, stomatal
conductance decreases faster than the rate of photosynthetic decrease, which causes an increase in
the instantaneous water use efficiency, whereas the intrinsic water-use efficiency is negatively
correlated with stomatal conductance. Several authors have reported (in different species) that
reduction in stomatal conductance caused an increase in the intrinsic water-use efficiency (Aasamaa,
Heinsoo & Holm, 2010).
In the present study, IC50 of relative dry weight yield (as affected by NaCl) was 54 mM (Figure
2). The relative plant growth under increasingly saline environmental conditions in the root medium
is an indicator of salt-stress tolerance (Parida & Das, 2005, Steppuhn, van Genuchten & Grieve,
2005b). J. curcas tolerated soil salinity of up to 7.9 dS m－1, therefore this tree species could be
categorized as moderately salt tolerant (Patel et al., 2010b). ECi50 and ST-index were 5.63 dS m－1
and 6.23, respectively (Figure 3). While, J. curcas seedlings are able to grow well under up to 4 dS
m－1 – irrigation water (30 mM NaCl) (Díaz-López et al., 2012), ECi50 and ST-index in this study
were 10.79 dS m－1 and 11.75 respectively. This level of salt tolerance is similar to that of grapefruit
(ECi50 = 4.59dS m－1, ST-index = 5.54), peanut (ECi50 = 4.61dS m－1, ST-index = 6.65) or lemon
(ECi50 = 5.54dS m－1, ST-index = 6.56) (Steppuhn et al., 2005a).
The stem and root stored a large amount of Na (probably by multiplying/replicating internal Na
content of each organ and each dry weight) when highly concentrated NaCl irrigation water was
used or a large amount of NaCl had accumulated in the soil (Table 3). High concentration of Na in
the leaves causes plants to close stomata for mitigation of water loss (Naumann, Young & Anderson,
2007, Silva et al., 2010). Besides, high concentration of Na+ in the leaves decreases the
photosynthetic potential (Mott, 1988). On the other hand, K is essential for cell expansion, osmoregulation and cellular and whole plant homeostasis (Schachtman, Kumar, Schroeder & Marsh,
1997). The role of K in response to salinity is also well documented; Na depresses K uptake (Fox &
Guerinot, 1998). An increase in Na content of cells is accompanied by a decrease in K accumulation
and differences in Na/K ratio under saline conditions (Cherian & Reddy, 2003). In wheat, the salt
tolerance is associated with low rates of Na transportation to shoots with high selectivity for K over
Na (Gorham, 1990). The K takes part in many enzymatic activities in plant cell and maintaining
Na/K ratio is a key requirement for growth under highly saline conditions (Apse, Aharon, Snedden
& Blumwald, 1999). Salinity appeared to inhibit accumulation of K in the leaves, though it
increased in the stem part. Thus, Na/K ratio of the stem was about 0.6, which is within the
requirements for optimal metabolic efficiency in non-halophytic plants (Greenway & Munns,
1980).This behavior can be associated with Na/K-induced competitive inhibition of the absorption
process (Lawlor & Cornic, 2002).
We also observed that EC50 of relative dry biomass was 54 mM, although even 25mM Na
accumulation in soil and leaves led to leaf shedding (Table 4). The seedlings’ response in
minimizing transpiration water loss is stomatal closure induced by high Na concentrations in the
leaves. Leaf growth inhibition increased with NaCl concentration, and so did the transpiration rate.
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These changes could be part of an integrated mechanism of whole-plant acclimation to salt stress
(Díaz-López et al., 2012). This behavior would trigger alterations in leaf properties enabling plants
to lower self-shade per unit leaf area and create a relatively short path from the stomata to the
chloroplasts across which CO2 diffuses (Flexas, Ribas-Carbó, Diaz-Espejo, Galmés & Medrano,
2008). Plants of this species sequester Na that they absorb in stems and roots and thus minimize the
exposure of leaf cells (photosynthetic apparatus) to Na (Patel et al., 2010b).Therefore; the
defoliation was caused by NaCl irrigation treatment regardless of the low concentration. In general,
defoliation delayed the growth of plants; thus, it could be suggested that there was a risk of seedling
biomass reduction due to use of NaCl irrigation water.

5. Conclusion
This study showed that J. curcas can grow well in salinity levels of up to 54 mM, thereby falling in
the moderately salt tolerant species category. ECi50 and ST-index showed that J. curcas is more salt
tolerant than the typical Mediterranean crops. This plant withstands salt stress by retaining large
amounts of Na in stem and roots vacuoles, thereby preserving the leaves. In particular, the low stem
Na/K ratio of about 0.6 played an important role in optimizing metabolic efficiency in a nonhalophyte plant. The leaf part changed characteristics according to SLA; seedlings minimized leafshedding by creating a relatively shorter path from the stomata to chloroplasts across which CO2
diffuses. Although, J. curcas seedling biomass was able to generally tolerate some low levels of
salinity, the leaf shedding occurred under even very low Na in the soil and leaves. The defoliation
prevents growth of the plants, thus cultivating this plant under saline irrigation water conditions
potentially posed a risk of seedling biomass reduction. Therefore, although this plant exhibited salt
tolerance through structural adaptation, high levels of salinity are potentially lethal to growth and
nutrient deposition. Future research should examine performance of this plant under long-term
salinity conditions.

References
[1] Aasamaa, K., Heinsoo, K., & Holm, B. (2010). Biomass production, water use and
photosynthesis of Salix clones grown in a wastewater purification system. Biomass and
Bioenergy, 34(6), 897–905.
[2] Allakhverdiev, S. I., Sakamoto, A., Nishiyama, Y., Inaba, M., & Murata, N. (2000). Ionic and
osmotic effects of NaCl-induced inactivation of photosystems I and II in Synechococcus sp..
Plant physiology, 123(3), 1047–1056.
[3] Apse, M. P., Aharon, G. S., Snedden, W. A., & Blumwald, E. (1999). Salt tolerance conferred
by overexpression of a vacuolar Na+/H+ antiport in Arabidopsis. Science, 285(5431), 1256–
1258.
[4] Augustus, G. D. P. S., Jayabalan, M., & Seiler, G. J. (2002). Evaluation and bioinduction of
energy components of Jatropha curcas. Biomass and Bioenergy, 23(3), 161－164.
[5] Begg, J. E., & Turner, N. C. (1976). Crop water deficits. Advances in Agronomy, 28, 161–217.
[6] Chaudhuri, K., & Choudhuri, M. A. (1997). Effect of short-term NaCl stress on water relations
and gas exchange of two jute species. Biologia Plantarum, 40(3), 373–380.
[7] Chaves, M.M., Flexas, J., & Pinheiro, C. (2009). Photosynthesis under drought and salt stress:
Regulation mechanisms from whole plant to cell. Annals of Botany, 103(4), 551－560.
[8] Chaves, M. M., & Oliveira, M. M. (2004). Mechanisms underlying plant resilience to water
deficits: prospects for water-saving agriculture. Journal of Experimental Botany, 55(407),
~ 32 ~

www.todayscience.org/as.php

Agricultural Science

Vol. 2, Issue 3, 2014

2365–2384.
[9] Cherian, S., & Reddy, M. P. (2003). Evaluation of NaCl tolerance in the callus cultures of
Suaeda nudiflora Moq.. Biologia Plantarum, 46(2), 193–198.
[10] Curtis, P. S., & Lauchli, A. (1986). The role of leaf area development and photosynthetic
capacity in determining growth of Kenaf under moderate salt stress. Australian Journal of
Plant Physiology, 13(4), 553－565.
[11] Díaz-López, L., Gimeno, V., Lidón, V., Simón, I., Martínez, V., & García-Sánchez, F. (2012).
The tolerance of Jatropha curcas seedlings to NaCl: An ecophysiological analysis. Plant
Physiology and Biochemistry, 54, 34－42.
[12] dos Santos, C. M., Verissimo, V., Wanderley Filho, H. C. D. L., Ferreira, V. M., Cavalcante, P.
G. D. S., Rolim, E. V., & Endres, L. (2013). Seasonal variations of photosynthesis, gas
exchange, quantum efficiency of photosystem II and biochemical responses of Jatropha
curcas L. grown in semi-humid and semi-arid areas subject to water stress. Industrial Crops
and Products, 41, 203– 213.
[13] Flexas, J., Ribas-Carbó, M., Diaz-Espejo, A., Galmés, J., & Medrano, H. (2008). Mesophyll
conductance to CO2: Current knowledge and future prospects. Plant, Cell & Environment,
31(5), 602－621.
[14] Fox, T. C., & Guerinot, M. L. (1998). Molecular biology of cation transport in plants. Annual
Review of Plant Physiology and Plant Molecular Biology, 49, 669－696.
[15] Francis, G., Edinger, R., & Becker, K. (2005). A concept for simultaneous wasteland
reclamation, fuel production, and socio-economic development in degraded areas in India:
need, potential and perspectives of Jatropha plantations. Natural Resources Forum, 29(1), 12
－24.
[16] Garg, B. K., & Gupta, I. C. (1997). Saline wastelands environment and plant growth. Jodhpur,
India: Scientific Publishers.
[17] Gorham, J. (1990). Salt tolerance in the Triticeae: K/Na discrimination in synthetic hexaploid
wheats. Journal of Experimental Botany, 41(5), 623－627.
[18] Greenway, H., & Munns, R. (1980). Mechanisms of salt tolerance in non-halophytes. Annual
Review of Plant Physiology, 31, 149－190.
[19] Hasegawa, P. M., Bressan, R. A., Zhu, J. K., & Bohnert, H. J. (2000). Plant cellular and
molecular responses to high salinity. Annual Review of Plant Physiology and Plant Molecular
Biology, 51, 463－499.
[20] Kramer, P. J. (1983). Water relations of plants. New York, USA: Academic Press.
[21] Kumar, N., Pamidimarri, S. D. V. N., Kaur, M., Boricha, G., & Reddy, M. P. (2008). Effects of
NaCl on growth, ion accumulation, protein, proline contents and antioxidant enzymes activity
in callus cultures of Jatropha curcas. Biologia, 63(3), 378—382.
[22] Kumar, A., & Sharma, S. (2008). An evaluation of multipurpose oil seed crop for industrial
uses (Jatrophacurcas L.): A review. Industrial Crops and Products, 28(1), 1－10.
[23] Lawlor, D. W., & Cornic, G. (2002). Photosynthetic carbon assimilation and associated
metabolism in relation to water deficits in higher plants. Plant, Cell & Environment, 25(2),
275－294.
[24] Lu, C. M., Qiu, N. W., Lu, Q. T., Wang, B. S., & Kuang, T. Y. (2002). Does salt stress lead to
~ 33 ~

Hiroshi Matsumoto et al.

Submitted on April 23, 2014

increased susceptibility of photosystem II to photoinhibition and changes in photosynthetic
pigment composition in halophyte Suaeda salsa grown outdoors? Plant Science, 163(5),
1063–1068.
[25] Maas, E. V., & Hoffman, G. J. (1977). Crop salt tolerance−current assessment. Journal of the
Irrigation and Drainage Division, 103(2), 115-134.
[26] Mott, K. A. (1988). Do stomata respond to CO2 concentrations other than intercellular? Plant
Physiology, 86(1), 200–203.
[27] Munns, R. (2002). Comparative physiology of salt and water stress. Plant, Cell &
Environment, 25(2), 239－250.
[28] Munns, R., & Tester, M. (2008). Mechanisms of salinity tolerance. Annual Review of Plant
Biology, 59, 651－681.
[29] Naumann, J. C., Young, D. R., & Anderson, J. E. (2007). Linking leaf chlorophyll
fluorescence properties to physiological responses for detection of salt and drought stress in
coastal plant species. Physiologia Plantarum, 131(3), 422–433.
[30] Openshaw, K. (2000). A review of Jatropha curcas: An oil plant of unfulfilled promise.
Biomass and Bioenergy, 19(1), 1－15.
[31] Paranychianakis, N. V., & Chartzoulakis, K. S. (2005). Irrigation of Mediterranean crops with
saline water: From physiology to management practices. Agriculture, Ecosystems &
Environment, 106(2-3), 171－187.
[32] Parida, A. K., & Das, A. B. (2005). Salt tolerance and salinity effects on plants: a review.
Ecotoxicology and Environmental Safety, 60(3), 324－349.
[33] Patel, A. D., Jadeja, H., & Pandey, A. N. (2010a). Effect of salinization of soil on growth,
water status and nutrient accumulation in seedlings of Acacia Auriculiformis (Fabaceae).
Journal of Plant Nutrition, 33(6), 914－932.
[34] Patel, A. D., Panchal, N. S., Pandey, I. B., & Pandey, A. N. (2010b). Growth, water status and
nutrient accumulation of seedlings of Jatropha curcas L. (Euphorbiaceae) in response to soil
salinity. Anales de biología, 32, 59-71.
[35] Schachtman, D. P., Kumar, R., Schroeder, J. I., & Marsh, E. L. (1997). Molecular and
functional characterization of a novel low-affinity cation transporter (LCT1) in higher plants.
Proceedings of the National Academy of Sciences of the United States of America, 94(20),
11079－11084.
[36] Silva, E. N., Ribeiro, R. V., Ferreira-Silva, S. L., Viégas, R. A., & Silveira, J. A. G. (2010).
Comparative effects of salinity and water stress on photosynthesis, water relations and growth
of Jatropha curcas plants. Journal of Arid Environments, 74(10), 1130－1137.
[37] Steppuhn, H., van Genuchten, M. T., & Grieve, C. M. (2005a). Root-zone salinity: I. Selecting
a product-yield index and response function for crop tolerance. Crop Science, 45(1), 209-220.
[38] Steppuhn, H., van Genuchten, M. T., & Grieve, C. M. (2005b). Root-zone salinity: II. Indices
for tolerance in agricultural crops. Crop Science, 45(1), 221－232.
[39] Taiz, L., & Zeiger, E. (2006). Plant physiology (4th ed.). Sunderland MA: Sinauer Associates
Inc.
[40] Uzoma, K. C., Inoue, M., Andry, H., Fujimaki, H., Zahoor, A., & Nishihara, E. (2011). Effect
of cow manure biochar on maize productivity under sandy soil condition. Soil Use and
~ 34 ~

www.todayscience.org/as.php

Agricultural Science

Vol. 2, Issue 3, 2014

Management, 27(2), 205–212.
[41] Wang, H., Miyazaki, S., Kawai, K., Deyholos, M., Galbraith, D. W., & Bohnert, H. J. (2003).
Temporal progression of gene expression responses to salt shock in maize roots. Plant
Molecular Biology, 52(4), 873－891.
[42] Zhu, J. K. (2001). Plant salt tolerance. Trends in Plant Science, 6(2), 66－71.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the
journal. This is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license.

~ 35 ~

