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ABSTRACT 
      

At greenhouse of National Research Centre, studies were conducted to evaluate the effect of salinity, 
proline and their interaction on anatomical structure of jatropha leaves. It was found that, increasing salinity 
levels decreased length of bundle, while xylem rows number of vessels and both spongy and palisade tissue 
increased. The interaction between salinity levels and proline application showed additive effect on width of 
vascular bundles, as well as number of xylem rows and vessels. 
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Introduction 
 

Jatropha curcas is wander small tree used as ornamental plant and produced seeds with an oil content 
combust as fuel without being refined for simple diesel engine. Scare in literature are devoted to response of 
jatropha to irrigate with saline water. In the same time the use of saline water is getting to be more important 
factors in the world of agriculture as the fresh water resources are being depleted. The negative effect of salinity 
on growth was reported by different investigators and different plants (Bry et al., 2000, Wu et al., 2007, Shae et 
al., 2008, Hussein et al., 2008 and Hussein et al., 2010).  

Also many plants are able to tolerate saline stress by reducing the cellular osmotic potential as a 
consequence of a net increase in solute accumulation in a process called osmotic adjustment. (Munns, 2002, 
Serra and Sinclair 2002, Farouk, 2005). 

The effect of salinity on anatomical leaf structure was discussed by David and Park (1979), Gadalla, (2009) 
and Hussein et al (2010). The role of proline in osmotic adjustment was reported by several authors Misra and 
Breeti (2009) and Pérez-Pérez, et al (2009).). Moreover, little is known about the effect of proline and its 
interaction with salinity on leaf anatomy, the present study aimed to evaluate to what extend salinity and proline 
affect on jatropha leaf anatomy. 
 
Materials and Methods 

 
Experiments were carried out on Jatropha Curcas seeds grown in pots 30 cm in diameter, that were filled 

with sandy soil under greenhouse conditions of National Research Centre, Dokki, Giza, Egypt. The soil was 
sandy in texture (Table 1) and the mechanical and chemical analysis of soil were carried out according to 
method described by (Klute (1986). Seeds of Jatropha Curcas were sown during the two summer seasons of 
2010 and 2011.The seeds were irrigated regularly with tap water for three weeks until seedling emergence to 
avoid the effect of salinity on seedlings. All pots were supplied with the recommended dose of nitrogen, 
phosphorus and potassium fertilizers. Irrigation with diluted Mediterranean Sea water was done after twenty one 
days from sowing to attain salinity levels 2500, 5000 and 10.000 ppm (Three irrigation by salt water and the 
next was by tap water alternatively) and tap water was used as control. Amino acid proline at the rate of 0 and 
100 ppm was sprayed twice 156 days from sowing and the second two weeks later and the control sprayed with 
distilled water. The irrigation with either fresh and/or saline water reach the level of 70% of the total field 
capacity (F.C.) of the soil by weighing every pots and the needed amount was added. The experiment included 8 
treatments which were the combination of four levels of salinity 0,2500,500 and 10000 ppm and two 
concentrations (0 and 100 ppm) of proline. The experiments were factorial arranged in complete randomized 
design with six replicates.  
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Table 1: Mechanical and chemical analysis of the tested 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 

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 

 
Anatomical Study: 

 
After 186 days from sowing representative samples from 3 replicates of treatments were used for 

anatomical measurements. The samples were taken from the upper forth leafs of the plant and cleaned with tap 
water, cutted into suitable parts, killed and fixed in FAA. solution (10 ml formalin, 5 ml acetic acid and 85 
ml.ethyl alcohol 70%), dehydrated in different concentrations of ethyl alcohol, clearing in different 
concentrations of ethyl alcohol + xylene, infiltrated and embedded in pure paraffin wax (M.P.58-60 co). 
(Johansen, 1940).Sectioning at thickness of 20 µ was performed by using a rotary microtone. Paraffin ribbons 
were mounted on slides and sections stained with safranine and fast green (Corgen and Widmayer, 
1971).Sections was mounted in Canada Balsam then examined microscopically and micro photographed. 

The data were subjected to statistical analysis of variances procedure and the values of L.S.D were obtained 
(Snedecore and Cochran 1990)  

 
The Following Anatomical Parameters Were Recorded: 

 
1- Number of xylem rows 
2- Number of vessels  
3- Thickness of midvein ( µm) 
4- Thickness of lamina (µm) 
5- Dimension of bundle (µm) 
6- Palisade Thickness (µm) 
7- Spongy cell length (µm) 
8- Mesophyll length (µm) 
 
Results and Discussion 

 
Salinity affected greatly on Jatropha leaf anatomy under salt stress condition. Control plant Fig (A) 

exhibits,52.67,17.00,52.00,9.00,24.67,17.00,2.50,5.50 µm and 8.00 µm for number of xylem rows, number of 
vessels,thikness of midvein, thickness of lamina, length of bundle, width of bundle, palisade thickness, spongy 
thickness and mesophyll thickness, respectively. 

In treated with saline water groups Table (1) and Fig B, C and D show that thickness of lamina and midvein 
increased gradually with increasing salinity level up to 10000 ppm. Similar effect on leaf thickness have been 
reported previously for bean by Meir 1967 and Wignarajah 1975 for Phaseolus vulgaris L., and for cotton by 
Strogonov 1964, as well as anther species by (Hayward 1941; Nieman 1962 and Poliakoff 1975). 

Mesophyll thickness increased due to greater spongy layers and increase in palisade cells length, these 
results hold true with the finding of David and Parks (1979) on cotton and atriplex. However palisade cells and 
spongy layers remained constant or had slight effect at the lower salinity level compared with the unsalinized 
plant Fig. A.        

Length of bundles decreased markedly with all salinity levels, while number of xylem row and number of 
vessels increased. The magnitude of increase was more pronounced at the higher level 10000 ppm Fig D. The 
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differences between 5000 ppm and 10000 ppm treatment were not enough to reach the level of significances in 
most cases. 

Such increment may be due to osmotic adjustment (Munns,2002;Serra and Sinclair,2002 ) while achieved 
by uptake of inorganic ions i.e K+,Na+ and Cl- from the soil solution and for synthesized and accumulation of 
organic compounds as sugar (Farouk,2005) and amino acids mainly proline ( Verslues and Sharp,1999).In 
addition ( Serra and Sinclair, 2002) recorded that, osmotic adjustment allowing physiological processes such as 
photosynthesis and cell expansion. These results are in agreement with David and Park (1979).   

 
Table 2: Leaf anatomical structure of Jatropha curcas plants as affected by salinity, Amino acid (proline) and their interactions, (Date of one 

growing season 2011). 
Treatments 

 
Characteristics 

 Salinity  Interactions L.S.D 
at 5% 
level 0 

 
S1 

 
S2 

 
S3 

 
Pr. 

 
S1+Pr. 

 
S2+Pr. S3+Pr. 

Number of xylem rows 52.67 58.00 62.00 66.00 73.00 72.00 80.00 62.67 5.798 
Number of vessels 17.00 18.33 23.00 23.00 24.33 23.00 25.00 21.00 1.110 
Thickness of midvein( µm) 52.00 57.00 62.67 63.67 70.67 57.67 66.00 56.00 2.586 
Thickness of lamina (µm)       9.00 8.00 11.33 13.00 11.00 8.00 12.00 11.67 1.678 
Length  of bundle (µm) 24.67 24.33 28.00 26.00 30.00 28.00 32.00 28.00 2.055 
Wide of bundle  (µm) 17.00 19.00 22.00 22.67 24.00 17.00 28.00 19.00 2.517 
Palisade thickness (µm) 2.50 2.75 3.50 3.95 3.77 3.25 3.95 3.75 0.349 
Spongy  thickness (µm) 5.50 4.45 7.60 7.55 5.93 3.73 7.13 7.17 1.945 
Mesophyll thickness (µm) 8.00 6.87 11.45 11.50 9.70 7.38 11.08 10.92 1.957 

0=Tap water,S1=2500 ppm,S2= 5000 ppm, S3= 10000 ppm,Pr.=100 ppm,     
S1+Pr.=2500+100 ppm,S2+Pr. = 5000+100 ppm,  S3+Pr.= 10000+100 ppm. 

 
Bundle length decreased in response to spraying 100 ppm proline Fig E this decrease was accompanied by 

increasing in leaf thickness and numbers of xylem row and vessels, yet all the recorded values Tab (2) were still 
higher than the control plant. In this respect (Yeo, 1998; Meloni et al., 2001) revealed that in stressed plants the 
contributory role of osmoprotectance i.e. glycinebetaine and mainly proline. However may be proline treatment 
helped in increasing the osmolytes synthesis in the plant  

The interaction treatments (fig. F, G and H) between 100 ppm proline and 5000 ppm salinity showed 
additive effect on width of bundle, number of xylem rows as well as number of vessels. No literature had 
devoted to the effect of proline and salinity supplied simultaneously on leaf structure. 

Thus it can be concluded that jatropha plant is relatively salt tolerant, the main response of gatropha leaf 
structure to salinity lies in the increase in leaf thickness and a greater salt stress greater vessels. Also, foliar 
application of proline under saline condition overcome salinity and had apromotive effect on width, length of 
bundle, umber of vessels as well as number of xylem rows. 
 

 
 
Fig. A: (Irrigated by fresh water as a control).  

 

 
 
Fig. B: Plant treated with salinity 2500 ppm. 

S1
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Fig. C: Plant treated with salinity 5000 ppm. 

 

 
 

Fig. D: Plant treated with salinity 10000 ppm. 
 

 
 
Fig. E: Plant treated with Proline 100 ppm. 

 
Fig 1: Transverse section through the blade of the fourth leaf Developed on the main stem of Jatropha curcas 

plant. For single treatments (salinity and proline ). (Bar = 1ml). 
                                    

                                  
 

Fig. F: Plant treated with salinity 2500 ppm and sprayed with Proline 100 ppm, 
 

S2

S3

Pr.

  S1+ Pr. 
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Fig. G: Plant treated with salinity 5000 ppm and sprayed with Proline 100 ppm. 
                                        

 
                    

Fig. H: Plant treated with salinity 10000 ppm and sprayed with Proline 100 ppm. 
 

Fig. 2: Transverse section through the blade of the fourth leaf developed on the stem of Jatropha curcas plant. 
For interaction treatments between Salinity and Proline. (Bar = 1ml) 
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