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Abstracts: At greenhouse of National Research Centre, Egypt. The present work was designed in 
order to investigate the behavior of Jatropha curcus seedlings grown under different salt concentration 
4000, 8000 and 12000 ppm, and their interaction with ascorbic acid. Results can be summarized as 
fallowing: 
a- Jatropha plants increased relative water content and osmotic pressure and perform osmotic 

adjustment under saline conditions. 
b- Photosynthetic pigments, Na+, Ca++ and Mg++ percentage increased till 8000 ppm salinity, while 

protein and phosphors decreased significantly. 
c- The interaction between salinity and ascorbic acid had promotive effect on relative water content, 

osmotic pressure and some selective ions. 
d- Ascorbic acid interacted with salinity and caused increments in number of xylem row and number 

of vessels/bundle but had no effect on the number of bundles of the stem. 
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INTRODUCTION 

 
 Attention has been focused upon the cultivation of Jatropha curcas in the un used and barren land. 
Jatropha, considered economic plants, the plant is used as ornamental purpose, as an oil crop, for Cosmotic 
industry, as medicinal plants and row martial for cycle, enrichment of soil as insecticide (Gubitz et al. 
1999).This plants needs' extensive agriculture development to grow in Egypt. Egypt suffer from water shortage 
problems and the use of non-traditional sources such as saline water in irrigation become necessity in recent 
year.Improvening tolerance to salt stress considered one from the great challenges. Evidence suggests that stress 
conditions cause excess sodium uptake (toxicity).One of the biochemical changes occurring under stress 
condition is production of activated oxygen species via the chloroplast and mitochondria of plant cells. Electron 
leaked from electron transport chains can react with oxygen during normal aerobic metabolism to produce 
activated species such as super peroxide, hydrogen peroxide and the hydroxyl radical. These cytotoxic oxygen 
species are highly reactive and in the absence of any protective mechanism they can disrupt normal metabolism 
through oxidative damage to lipids, proteins and nucleic acids (Davies, 1987 and Fridovich, 1986).The negative 
effect of salinity on growth were reported by Hussein et al. (2009), Abdel-Monem, et al. (2010) and Saffan, 
(2008).Out of variance compounds exploited to alleviate the stress on plants are antioxidants. Ascorbic acid is 
one of the most important metabolites acts as antioxidant, it reacts not with H2O2 but also with O3, OH and lipid 
hydroxyl peroxidase and it has been also associated with several types of biological activities in plant, as a 
donor/ acceptor in electron transport and as enzyme co-factor (Conklin, 2001).The aim of the present 
investigation is to clarify the effect of ascorbic acid as antioxidant on growth of Jatropha grown under salinized 
water irrigation.  

MATERIALS AND METHODS 
 

 Experiment was conducted on Jatropha curcas plant during the two summer seasons of 2010-2011 at the 
greenhouse of the National Research Centre, Dokki, Cairo to evaluate the effect of different salt stress degree 
and ascorbic acid on photosynthetic pigments, water turgidity, osmotic pressure of the leaves, osmotic 
adjustment as well as the anatomical structure of plant stem. 
 Jatropha curcas seeds were sowed at summer season in pots of 30 cm2 diameter filled with 10 Kg soil. The 
characters of the soil were sandy loamy in texture (Table 1).The mechanical and chemical analyses of the soil 
were carried out according to method described by Klute (1986). All pots received equal doses of nitrogen, 
phosphorus and potassium and equal amount of organic matter. Seeds were irrigated till emergence with tap 
water to avoid Salinization check of seedling. The seedlings were subjected to salinity levels 0, 4000, 8000, and 
12000 ppm. (Salinity stress was done by using stroganoff solution. Strogonov (1962). Irrigation with saline 



Aust. J. Basic & Appl. Sci., 6(3): 533-541, 2012 

534 
 

water was alternately with fresh water till the end of the experiment, (Three irrigations by salt water and the next 
was by tap water), and the moisture content of all pots were kept at fixed percentage of available water. 
Table 1: Mechanical and chemical analysis of the cultivated soil. Average of the two seasons (2010 and 2011). 

Mean of the two  seasons 
(2010 and 2011) 

Mechanical and chemical analysis 

 
18.00 
57.25 
24.75 

Sandy loamy 

Mechanical analysis: 
Clay % 
Sand % 
Silt % 

Soil texture 
 

7.25 
1.1   dSm-1 

 
 
 

189.10 
3.14 

259.75 
65.15 
73.18 

 
 

3.42 
15.14 
21.81 
1.18 
1.31 
0.78 

Chemical analysis 
pH (1:2.J) 

E.C.( 1:5 .J) 
 

Available macro nutrient (ppm) 
 

N 
P 
K 
Ca 
Mg 

 
Available micro nutrient (ppm) 

B 
Fe 
Mn 
Zn 
Cu 
Al 

                   
 Ascorbic acid at the rate of 0,100 and 200 ppm were sprayed twice, the first 56 days from the sowing and 
the second two weeks later and the control sprayed with tap water. 
 The experiments consists of 12 treatments which where the combination of 4 levels of salinity and 3 level 
of ascorbic acid. 
 The design of the experiment was a split plot design with 6 replicates. After 210 days from sowing, fresh 
leaves were sampled from every treatment for determination of 
  
a- Relative water content according to Weatherly (1962). 
b- Osmotic pressure by using refractometer and the corresponding values of osmotic pressure (Atm) were then 
recognized from table given by Gusev (1960). 
c- Osmotic adjustment (OA) is determined using the fallowing equation according to Kiani et al.(2007) 
OA=ψFT(ww)-ψFT(WS),where ψFT (WW) is osmotic pressure at full turgor of unstressed plants and ψFT 
(WS) is osmotic pressure at full turgor of stressed plants. 
d-  Photosynthetic pigments  
         According the methods described by (Saric et al. (1967).    
e-  Protein percentage: 
         Crude protein percentage was determined using the equation of Alsmeyer et al.,   
         (1974). 
f-  Mineral ions 
         Leaves sample were dried in oven dry at 70 co to constant weight and ground to fine  
         powder and used for detection of N,P,Ca,Mg and Na by Cottenie et al, (1982) 
g-     Stem anatomical Structure  
1-  Number of vascular bundles   
2-  Number of xylem rows (µm) 
3-    Number of vessels (µm) 
 The preparation of stem was carried out according to the methods described by Johansen (1940) and 
(Corgen and Widmayer, 1971) and sections were mounted in Canada balsam then examined microscopically 
and microphotography. 
 Data were subjected to analysis of variance according to (Snedecore and Cochran 1990)).Means were 
compared using L.S.D. at 5 % levels of probability. 
 
Results: 
1- Effect of Salinity: 
 The results reported in Table (2) showed that, the significant increase in osmotic pressure (Atm), relative 
water content % as well as osmotic adjustment compared with the control were in response to increasing salinity 
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levels from 0 up to 12000 ppm.The magnitude of increase was more pronounced at 4000 and 8000 ppm water 
stressed plants, while at 12000 ppm osmotic adjustment and osmotic pressure show a decrease with respect to 
the low salinity level. 
 Salinity increased significantly photosynthetic pigments mg/g in jatropha leaves under all salinity levels. 
The greatest values of chlorophyll a and chlorophyll b 0.8306 and 0.4155 mg/g respectively were obtained in 
water stressed plants at 4000 ppm, whereas the higher levels showed less constant increase with respect to the 
low salinity level. The opposite trend was recorded for carotenoids where the increase was more pronounced by 
increasing salinity level up to 12000 ppm. However photosynthetic pigments are considered good criteria to 
monitor and explain the changes induced by salt stress.  
 Under saline condition in Table (5), Na+ accumulated in jetropha leaves and showed a positive correlation 
with increasing external stress levels from 0 up to 8000 ppm. Then a drusting decrease was recorded at the 
higher 12000 ppm level. Such accumulation was accompanied by a decrease in the level of K+, and P, while 
Ca++ and Mg++ showed slight increase compared with the control plants. However in this respect protein 
percentage decreased gradually in jetropha leaves in response to increasing salinity up to 12000 ppm compared 
with the control.  
 
Table 2: Relative water content %, osmotic pressure, osmotic adjustment and photosynthetic pigments of leaves of Jatropha curcas plant as 

affected by salinity treatments. (Means of two seasons 2010& 2011).       
Salinity 
Levels 
(ppm) 

Water relation Photosynthetic pigments (mg/gm) 

RWC% 
Leaf 
 op 

OA 
(Atm) 

Chl a Chl b Chl a+Chl b Carotenoids 

Tap water 68.094 4.762 - 0.7027 0.3721 1.083 0.851 
4000 71.788 5.442 0.680 0.8306 0.4155 1.246 1.119 
8000 74.477 4.924 0.162 0.7990 0.4145 1.421 1.115 
12000 74.274 4.871 0.109 0.7966 0.3883 1.181 1.564 

LSD at5 % 2.698 0.231 - 0.0047 0.0117 0.289 0.006 
   RWC relative = water content, O.P= osmotic pressure, O.A=osmotic adjustment,  

 
2- Effect of Ascorbic Acid:  
 Data in Table (3) showed that significant differences among control and plant treated with ascorbic acid. 
Relative water content percentage (RWC) and OP (Atm) increased as the concentration of ascorbic increased up 
to the high level 200 ppm. The increments reached 5.60 % for RWC and18.89 % for OP (Atm) over the control 
plants.  
 Spraying ascorbic acid in the absence of salt stress increased photosynthetic pigments by both 
concentrations used. The effect on chlorophyll a, b and carotenoids was more striking noticeable with treatment 
200 ppm compared with the control plants. 
 The influence of ascorbic acid on the mechanism of ions uptake in Table (5), showed that ionic balance not 
altered greatly as shown by a reduction in minerals % in most cases compared with the control. However, Mg++, 
Ca + and P increased slightly with 200 ppm ascorbic acid, while protein percentage decreased in tissue leaves in 
response to ascorbic acid  
 
Table 3: Relative water content %, osmotic pressure, and photosynthetic pigments of leaves of Jatropha curcas plant as affected by 

ascorbic acid treatments. (Means of two seasons 2010& 2011).  
Ascorbic 

Level 
(ppm) 

 

Water relation Photosynthetic pigments (mg/gm) 

RWC% 
Leaf  
OP  

(Atm) 
Chl a Chl b Chl a+Chl b Carotenoids 

Tap water 71.560 4.443 0.7180 0.3680 1.078 0.9057 
100 69.356 4.854 0.7958 0.4336 1.216 1.0441 
200 75.570 5.327 0.8297 0.4174 1.247 1.1158 

LSD at 5% 2.337 0.2006 0.004 0.0101 0.251 0.0056 
 RWC relative = water content, O.P= osmotic pressure 

 
3- Interaction Effect:  
 Results in Table (4) showed variation depended mainly on the level of stress as well as on the concentration 
of ascorbic acid. Yet most of the recorded values in the interaction were still higher than those of either control 
or corresponding salt concentration in the absent of ascorbic acid. This indicated that, the use of ascorbic acid 
antistress and has antagonistic effect to salt stress, however, the stressed plants responded to ascorbic acid 
treatments, a phenomenon that appeared clearly for RWC % which reached the highest value by the interaction 
between 200 ppm ascorbic acid combined with 8000 ppm salinity level. The higher value of osmotic pressure 
was obtained at the interaction between tap water and 200 ppm ascorbic acid followed by 4000 ppm salinity and 
100 ppm ascorbic acid, these values are higher than the control and the stressed plants in the absence of ascorbic 
acid. 
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 Total carotenoids reached the highest value by the interaction between the highest level used 12000 salinity 
ppm combined with 200 ppm ascorbic acid. While ascorbic acid at both used concentrations combined with 
4000 and /or 8000 ppm increased both chlorophyll a and chlorophyll b over the correspond in  salt 
concentration. 
 The interaction between salinity and ascorbic acid in Table (5) had no appreciable effect on mineral ions 
percentage; the highest mean values were recorded for control plants. 
 
Table 4: Interaction effect of salinity and ascorbic acid on relative water content %, osmotic pressure and photosynthetic pigments of leaves 

of Jatropha curcas plant. (Means of two seasons 2010& 2011). 
Salinity 
Level 
(ppm) 

Ascorbic 
ppm 

Water relation Photosynthetic pigments (mg/gm) 
RWC 

% 
Leaf 

O.P (Atm) 
Chl a Chl b Chl a+Chl b Carotenoids 

Tap water 
0 61.84 3.943 0.6630 0.3430 1.007 0.7376 

100 71.44 4.376 0.6376 0.3446 0.992 0.7716 
200 71.00 5.976 0.8070 0.4280 1.252 1.0453 

4000 
0 78.98 5.623 0.7803 0.3660 1.314 0.9520 

100 63.86 5.760 0.8600 0.3400 1.315 1.1940 
200 72.46 4.094 0.8540 0.4460 1.285 1.2130 

8000 
0 73.07 3.094 0.6766 0.3890 1.061 0.9650 

100 70.03 4.360 0.8600 0.4140 1.283 1.0286 
200 80.39 4.970 0.8476 0.4400 1.288 1.1583 

12000 
0 72.35 4.263 0.7523 0.3740 1.106 0.9643 

100 72.09 4.933 0.8286 0.4210 1.276 1.8200 
200 78.44 5.420 0.8096 0.3540 1.263 1.0420 

LSD at 5% 5.514 0.473 0.0096 0.0240 0.095 0.0134 
RWC relative = water content, O.P= osmotic pressure 
 
Table 5: The effect of salinity, ascorbic acid and there interaction in minerals ions and protein percentage in leaves of Jatropha curcas plant 

(Average of the two seasons 2010& 2011).       
Salinity 
Level 
(ppm) 

Ascorbic 
(ppm) 

P  
% 

K 
 % 

Ca 
 % 

Mg  
% 

Na  
% 

Protein  
% 

Tap water 
0 0.45 3.39 1.11 1.06 2.8 17.81 

100 0.16 2.59 0.78 1.66 1.0 14.56 
200 0.51 2.85 1.19 1.40 2.4 15 

4000 
0 0.32 2.49 1.50 1.10 4.8 17.50 

100 0.34 2.48 0.67 1.11 1.2 13.56 
200 0.29 2.52 0.63 1.46 4.8 13.43 

8000 
0 0.36 2.33 1.43 1.72 6.0 13.18 

100 0.44 2.48 0.83 1.66 5.2 11.50 
200 0.33 2.48 1.03 1.20 3.0 11.25 

12000 
0 0.70 1.94 1.48 1.24 1.8 12.81 

100 0.46 2.38 1.15 1.57 6.4 13.12 
200 0.28 2.76 0.74 2.63 2.8 14.56 

 
4-Stem Anatomical Structure: 
 Data in Table (6) showed a marked significant effect on stem anatomical structure of jetropha plants. 
 
Table 6: Stem anatomy structure of  Jatropha curcas plant as affected by salinity and Ascorbic acid treatments. (Means of two seasons 

2010& 2011). 

Characterctes 
 

Treatments             
Number of xylem rows (µm) 

 
Number of vessels 

(µm) 
 

Number of vascular bundles 

0 24 161.67 23.33 
200 ppm (Ascorbic) 32 175.00 26.33 
4000 ppm (Salinity) 21 93.00 24.33 

4000(Salinity) +200 ppm 
(Ascorbic) 

22 111.00 22.67 

8000 ppm (Salinity) 22 110.00 26.67 
8000(Salinity)+200 ppm 

(Ascorbic) 
24 115.00 23.67 

12000 ppm(Salinity) 24 135.00 23.33 
12000(Salinity)+200 ppm 

(Ascorbic) 
22 103.33 24.33 

L.S.D. at 5% 1.779 4.278 2.097 
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 Number of xylem row Fig(C) and number of vessels Fig (E) declined with salinity up to 8000 ppm, while 
number of bundles Fig (E) increased by increasing salinity level up to 8000 ppm.Greater number of xylem row 
and more number of bundles resulted by 8000 and 4000 ppm respectively compared with the control plants. 
 Spraying plants with ascorbic acid 200 ppm showed the highest significant increments in number of 
bundles, number of xylem rows and number of vessels compared to another treatment included the control. The 
increments over the control reached 12.85 %, 33% and 8.24% respectively. 
 In addition the data of the interaction between salinity levels and 200 ppm ascorbic acid indicated that, the 
highest significant increase in number of xylem row and number of vessels were observed with irrigation by 
8000 ppm salinity interacted with 200 ppm ascorbic acid, the interaction had no detectable effect on number of 
bundles. 
 

 
Fig. A: Control (Tap water).  
 

 
 
Fig. B: Ascorbic acid 200 ppm. 
          

 
 
Fig. C: 4000 ppm salinity. 
  



Aust. J. Basic & Appl. Sci., 6(3): 533-541, 2012 

538 
 

 
 
Fig. D: Salinity 4000 ppm+ 200 ppm ascorbic acid. 
                      

 
 
Fig. E: Salinity 8000 ppm.  
 

 
 
 Fig. F: 8000 ppm Salinity + 200 ppm ascorbic acid. 
 

 
 
Fig. G: Salinity 12000 ppm. 
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Fig. H: Salinity 120000 ppm + 200 ppm ascorbic acid. 
 
Fig. 1: Transverse section through the stem of Jatropha curcas plant. For single and interaction treatments 

(salinity and ascorbic acid ). (Bar = 1ml). 
 

Discussion: 
 The observed increase in relative content, osmotic pressure as well as osmotic adjustment (Table 2) showed 
considered adaptation of jetropha plant to induced stress, and mean that jetropha plants had ability to perform 
osmotic adjustment to prevent deleterious effect of salt stress on plants. 
 These results are in agreement with those recorded by many investigators, Myers et al., (1990), Imam et al., 
(1995), Nadia (1998) and Soha (2006). Veerangouda et al., (1996) revealed that the tolerance of plants to 
salinity achieved by osmotic adjustment even at high concentration of sodium chloride due to reducing sugrs 
and other solutes contributes move to the solute potential and therefore maintained positive turgar leading to 
tolerance. This results hold true with the funding of (Munns, 2002, Serraj 2002 and Gadalla 2009) 
 Osmotic adjustment achieved by uptake of inorganic i.e. K+,Na+ and Cl- from the soil solution Bruria Heuer 
and Arie-Nadler (1998) or synthesized and accumulate of organic compounds as sugars (Farouk, 2005) and 
amino acids mainly proline (Verslues and Sharp,1999) or by excretion of  ions (Mohy Eldin, 1992).As a 
consequence of solite accumulation, the osmotic potential of the cell lowered, thus in turne attracts water into 
the cell and thereby, tended to maintain its turgar. Furthermore, Ludlow and Muchow,(1990) revealed that  
osmotic adjustment is an effective component of salt tolerance because its contributed to the maintenance of 
turgar and cell volum.This results hold true with the finding of Gadalla (2009). 
 Similarly, stressed plants with use 4000 and 8000 ppm increased chlorophyll a, chlorophyll b and  
chlorophyll a+b than those plant stressed with 12000 ppm.this results coincide with the increase in osmotic 
adjustment of jatropha leaf (Table 4). Westyate and Boyer (1985) reported that, in mature leaf osmotic 
adjustment, facilitate high stomatal conductance, leaf expansion and sustain photosynthesis under stress 
conditions furthermore natural osmoprotectant counteractions have a role in photosynthesis and cell expansion 
in addition to cell water relations. Recently, Ashish et al., (2010) recorded that, jatropha sequester Na+ that 
absorb in stem and tap root tissue and thus minimize the exposure of leaf cell (photosynthetic apparatus) to salt. 
 Increasing salt concentration decreased protein content such reduction may be due to protein hydrolysis 
Klyshev and Rakove (1964), disturbance in cation balance Soakvan and petrouan (1964), increase in 
hydrolyzing enzyme such as protease Garg and Garg (1980) and Ebad et al (1987).These results hold true with 
the finding of Glori Irma and Lilia (2010).  
 The studied mineral ions K+ and P decreased while Na+, Ca++ and Mg++ increased with salinity. This 
phenomenon is important in osmotic adjustment and turn salt tolerance, since it leads to increase osmotic 
pressure of the plant. In this respect Treeby and Van Steveninck (1988) proposed that phosphorus does not 
contribute to osmotic adjustment and instead accumulates in cell walls of stressed plants.This result are in 
agreement with Ashish et al., (2010). 
 The positive increase in Na+ could be explain in Marshners (1995) classification of the ability of plants to 
substitute Na+ with K+. In this classification Marschner divided plants into four groups, A, B, C and D 
depending upon whether K+ is mostly exchangeable with Na+. Sodium has a positive effect on growth in A and 
B plants (mostly salt tolerance plants). 
 The increase in Ca++ concentration is important for preserving membrane integrity (Rengel 1992) signaling 
in osmoregulation (Mansfield et al., 1990) and influencing K+/ Na+ selectivity (Cramer et al., 1987). However 
salt tolerance of jotropja curcas at the whale plant level is dependence on integration of different attributes that 
may help alleviate NaCl stress.  
 Our results also showed that in the absence of salinity the foliar application of ascorbic acid especially at 
the higher concentration led to increments in RWC %, osmotic pressure (Atm) and photosynthesis pigments 
(mg/g). The increase in this regard appears to be more obvious on chlorophyll a than chlorophyll b and 
carotenoids. This results are in agreement with Mervat  et al., (2010) and may be due to modulating membrane 
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fluidity in similar manner to cholesterol and also ascorbic acid have in membrane permeability to ions and 
molecule (Foyer 1992),stabilize membrane structure Blokhina and Fagersted (2002) involving in both election 
transport of  Ps and oxidized system of chloroplast. Mckersie and Leshem (1999). 
 The data of the interaction treatments where ascorbic acid sprayed on stressed plants showed values higher 
than both the respective control (stressed plants) and the control (tap water) for RWC %, OP (Atm) and 
photosynthetic pigments (mg/g). These means that ascorbic acid proved to be effective in alleviating harmful 
effect of salinity by alleviating the harmful effect of reaction oxygen species (Ros) caused by salinity by 
scavenging cytotox H2o2, and reacts non-enzymatically with other Ros singlet oxygen, superoxide radical and 
hydroxyl radical (Larson.1988). 
 The results also showed that ascorbic acid treatments under saline condition can not alleviated the 
inhibitory effect of salinity by accumulation of protein, while it has increasing effect on some selected ions such 
as Mg++ and decreasing  effect on Na+ at the higher salinity levels. These results are agreement with the finding 
of Mervat et al., (2010). 
 From our results we can concluded that, jatropha plant can tolerate salinity over a period of  7 months at 
concentration of 12000 ppm, and in our view, to avoid irrigation up to 8000 ppm and ascorbic acid was effective 
to ameliorate some harmful effect of salinity 
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