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ABSTRACT  
 

 This work was carried out in Agricultural wire house of Agronomy department, Faculty of 
Agriculture, Azhar University, Egypt, during the two successive seasons of 2016 and 2017. The study 
was conducted to determine the effect of foliar spray with salicylic acid at different concentrations (0, 
25, 50, 75, 100, 125 and 150 ppm) on growth, physiological aspects and yield as well as on 
anatomical structure of stem and leaves of Vigna unguiculata cv. Dokki 331. The obtained results 
indicated that spraying cowpea plants with 100 ppm salicylic acid, the most effective concentration, 
promoting vegetative growth (plant height, number of compound leaves/plant, fresh weight of shoot 
/plant and dry weight of shoot /plant), increased productivity, Photosynthetic pigments and 
concentrations of nitrogen, phosphorus and potassium. Such treatment showed positive variation in 
anatomical structure of the median portion of the main stem and blade of mature foliage leaf. 
 
Keywords: Salicylic acid, Vigna unguiculata L., Growth, Productivity, Photosynthetic pigments, 

Anatomy 

 
Introduction 
 
       Cowpea (Vigna unguiculata L.), belongs to family Fabaceae, is a herbaceous annual and warm-
season plant. Cowpea is one of the most important food and forage legumes plant. It is truly a 
multifunctional crop, providing food for people, livestock and serving as a valuable and dependable 
revenue-generating commodity for farmers and seed traders (Timko and Singh, 2008)  
      Cowpea seeds are rich in proteins and carbohydrates, while the leaves and fresh pods provide a 
low cost source of vitamins and minerals. In addition to its culinary functions, the crop provides good 
fodder for livestock and fixes nitrogen in the soil (Kumar, 2008; Agbicodo et al., 2009 and Hall, 
2012)  
      The estimated worldwide area under cowpea is about 14 million hectare with a production of over 
4.5 million tons annually in Africa, Asia and America. The major contribution (about 90%) to global 
production of cowpea is from Africa (Win and Oo, 2015) 
     The common cowpea grown in Egypt both as vegetable and plus crops is favorable to Egyptian 
consumers especially in form of dry seeds. Its dry seeds have high percentage of protein (20 to 30%), 
that characterized as a complete protein compared with those of other vegetables. Also, they are rich 
in the essential amino acid lysine (Hafiz and Damarany, 2006)   
      The total area under cultivated of cowpea plant in Egypt was estimated at 9155 Feddans (Feddan 
= 4200 m2) of dry seeds in 2008 with a mean production of 980 kg/ feddan. Also, the area that 
produced green pods was 10064 feddans with a mean of 5.19 ton/ feddan (El-shaieny et al., 2015) 
       Increasing productivity of cowpea plant is necessary to meet the needs of domestic market and 
export. In this concern, there are some compounds have a role in promoting growth and increasing 
productivity of many plant species, one of them is salicylic acid (SA).     
         In recent years, salicylic acid has been focus of intense research due to its function as an 
endogenous signal mediating local and systemic plant defense responses against pathogens, salicylic 
acid is also involved in regulating physiological and biochemical processes during the entire life cycle 
of plant (Sharma, 2013)  
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      Salicylic acid is an important phytohormone, which widely exists in both monocot and dicot 
plants. It plays an essential role in regulating many physiological processes of plant, including 
flowering, seed germination, production, membrane permeability and defense responses (Hayat et al., 
2013) 
      The valuable effects of salicylic acid on plant growth and productivity of cowpea plants are well 
records, Chandra et al. (2007) found that salicylic acid at 0.02% have promotive effect on 
morphological characters for plant height, leaf length and dry weight per plant in cowpea genotypes. 
ÜNLÜ et al. (2009) found that salicylic acid at concentration of 0.50 µM have promotive effect on 
seedling length, cotyledon width, cotyledon length, fresh-dry weight, chlorophyll a, chlorophyll b and 
total chlorophyll of cowpea plants under salinity stress. Afshari et al., (2013) reported that spraying 
cowpea plants with 300 µM SA showed the highest values for net photosynthesis rate under water 
deficit stress. Likewise, Muthulakshmi and Lingakumar (2016) reported that the application of 
salicylic acid at 150 ppm significantly increased plant height, fresh and dry weight, total chlorophyll 
in leaves, total soluble surge and total soluble protein of Vigna mungo plants. 
       In this respect, many investigators reported that salicylic acid application resulted in enhancement 
of growth, yield and chemical constituents of some different field crop plants. Among of them, 
Gutiérrez- Coronado et al., (1998) and Khan et al., (2003) on soybean, Haroun et al., (1998) and 
Gomaa et al., (2015) on Lupins termis, Maslenkova et al., (2009) and Anosheh et al.,  (2014) on 
barley, Farouk and Osman (2011) on common bean, Khan et al., (2012) on wheat,  Ali and  
Mahmoud (2013) on mungbean, Ismail (2013) , Zamaninejad et al., (2013) and Ahmad et al., 
(2018)  on corn. 
    Thus the current study aims to assess the efficacy of salicylic acid  foliar application on vegetative 
growth,  phyisological aspects, stem and leaf anatomy and productivity of cowpea plants ( Vigna 
unguiculata L.)  
 
Materials and Methods 
 
    This work was carried out in Agricultural wire house of Agronomy department, Faculty of 
Agriculture, Azhar University, Egypt, during the two successive seasons of 2016 and 2017, to study 
the effect of foliar spray with salicylic acid at different concentrations (0, 25, 50, 75, 100, 125 and 150 
ppm) on growth, physiological aspects and yield as well as on anatomical structure of stem and leaves 
of  Vigna unguiculata cv. Dokki 331. 
       Seeds of cowpea were procured from Vegetable Production Research Department, Agricultural 
Research Center, Giza, Egypt. Salicylic acid was obtained from Electro Sciente Company, Egypt. It is 
a powder contain 99.9% active ingredient. 
 
 Procedure of the experiment 
 
         Seeds of cowpea were sown on 24 May 2016 in the first season and replicated on 20 May 2017 
in the second one. Seeds were grown in 25 cm diameter 5.5 L pots that were filled with 8 Kg loamy 
and clean sand soil at the ratio of 1:1 by weight. Fertilizer application and other cultural operations 
followed the normal practices of cowpea plant. Each pot was received NPK at the rate of 2g 
ammonium sulphate (20.6 % N), 1g calcium super phosphate (15.5 % P2 O5) and 0.5g potassium 
sulphate (48 % K2O). The Experiment was made in a randomized complete block design with three 
replicates. Each replicate contain 70 pots, 10 pots for each treatment. 
       The different concentrations of salicylic acid were applied twice. The first application at 6 weeks 
from sowing date and the second application was done after 2 weeks from the first application. 
Control plants were sprayed with tap water, tween-20 was added as a spreading agent for tested 
treatments. The volume of spraying solution per pot was almost 10 and 18 ml in the first and second 
application; respectively.  
 
 
 
 
 

http://ascidatabase.com/author.php?author=E.A.&last=Ali
http://ascidatabase.com/author.php?author=Adel%20M.&last=Mahmoud
http://ascidatabase.com/author.php?author=Adel%20M.&last=Mahmoud
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Recording of data 
 
1- Morphological characters of vegetative growth  
 
        A random sample of nine plants for each treatment (three plants from each replicate) was 
assigned for investigation. Vegetative characters were recorded after ten weeks from sowing date; i.e. 
two weeks after second application. This age represents full blooming stage. The following characters 
were studied in both growing seasons. 
 a- Plant height (cm), measured from the cotyledonary node up to the upper most point of the plant.  
b- Number of compound leaves per plant.  
c- Fresh weight of shoot (g) per plant. 
d- Dry weight of shoot (g) per plant. 
 
2- Determination of Photosynthetic pigments 
 
    Samples from the fresh upper leaf were taken at 75 days from sowing date of the second grown 
season of 2017 to determine chlorophyll a and b as well as carotenoids by using dimethyl formamide 
according to Moran (1982). 
 
3- Determination of N P K 
 
     Samples from dry leaves were taken at 75 days from sowing date of the second growing season of 
2017 to determine N, P, K according to the method described by A.O.A.C. (1995). 
 
4- Yield and its components 
 
    A random sample of 12 plants (four plants from each replicate) was randomly taken at 120 days 
after sowing and the following data were recorded.  
a- Average number of pods per plant. 
b- Average number of seeds per pod. 
c- Average number of seeds per plant.  
d- Weight of 100 seeds (g). 
e- Yield of seeds (g)/plant. 
 
5- Anatomical studies  
 
       It was intended to carry out a comparative microscopical examination on plant material which 
showed the most positive response of plant growth to tested treatments with control. Tested materials 
included the main stem at its median portion and lamina of the fifth leaf. Specimens were taken 
throughout the second growing season at the age of 75 days from sowing date; i.e., two weeks from 
the second application of salicylic acid.  Specimens were killed and fixed for at least 48 hours in 
F.A.A. (10 ml formalin, 5 ml glacial acetic acid and 85 ml ethyl alcohol 70%). The selected materials 
were washed in 50% ethyl alcohol, dehydrated in a normal butyl alcohol series, embedded in paraffin 
wax of melting point 56°C, sectioned to a thickness of 20 micro-meter (µm) double stained with 
crystal violet-erythrosin, cleared in xylene and mounted in Canada balsam (Nassar and El-Sahhar, 
1998). Sections were read to detect histological manifestations of the noticeable responses resulted 
from spraying with 100 ppm salicylic acid (the most positive effective concentration in this 
investigation) compared to control and photomicrographed.  
  
Statistical analysis 
 
        Data on morphological and yield characters were subjected to conventional methods of analysis 
of variance according to Snedecor and Cochran (1982). The data were statistically analyzed for each 
season and the homogeneity of experimental error, in both seasons, was tested. Then the combined 
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analysis of the two seasons was done. The least significant difference (L.S.D.) at 0.05 level of 
probability was calculated for each determined character under different assigned treatments.  
 
Results and Discussion 
 
I- Morphological characters of vegetative growth 
 
      Data on morphological characters of vegetative growth of cowpea plants as affected by foliar 
application with different concentrations of salicylic acid are assumed in Table (1). The investigated 
morphological characters included plant height, number of compound leaves/ plant, fresh weight of 
shoot/ plant and dry weight of shoot/ plant at full blooming stage (at the age of 75 days). 
 
 Table 1: Morphological characters of vegetative growth of Vigna unguiculata L., aged 75 days, as 

affected by foliar application with different concentrations of salicylic acid (average of the 
two seasons, 2016 and 2017 combined) 

Treatments  (ppm)                                                
Morphological characters of vegetative growth 

Plant height (cm) 
No. of compound 
leaves/plant 

Fresh weight of 
shoot (g)/plant 

Dry weight of shoot 
(g)/plant 

Control                 0 44.3               EF 7.3             DE 37.72              E   7.63                 E 

Salicylic acid        25 47.5            DE 8.0             D 41.61           D   9.15           D 

        50 49.6         CD 9.3         C 49.08        C 10.84       C 

        75 52.5      BC 10.6    B 55.38     B 12.04     B 

        100 58.3  A 12.6 A 62.08  A 14.49  A 

        125 55.4      B 9.0         C 41.52           D 10.23       CD 

        150 41.5                  F 7.0                E 35.27               E   7.11                E 

L.S.D. (0.05) 4.38                   0.92 3.67 1.14 

    Means having the same letter are not significantly different at 0.05 level 

     
 It is clear from Table (1) that the six different concentrations of salicylic acid induced 

significant increase in all studied morphological characters of vegetative growth, expect the high used 
concentration of 150 ppm salicylic acid that showed no significant effect in this respect. Likewise, the 
relatively low used concentration of 25 ppm SA showed no statistical effect on plant height and 
number of leaves/plant. 
      The maximum significant promotion in vegetative growth characters was recorded when cowpea 
plants sprayed with 100 ppm salicylic acid (Fig. 1). being 31.6, 72.6, 64.58 and 89.90% more than the 
control plants for plant height, number of compound leaves/ plant, fresh weight of shoot/ plant and 
dry weight of shoot/ plant ; respectively. 
      In this respect, Chandra et al., (2007) using  salicylic acid at 0.02% as well as Muthulakshmi and 
Lingakumar (2016) using salicylic acid at 150 ppm , found that salicylic acid  have promotive effect 
on morphological characters for plant height, leaf length and dry weight per plant in Vigna 
unguiculata and Vigna mungo plants. being in harmony with the present findings. 
Claims to the promoting effect of salicylic acid on morphological characters of cowpea plants were 
recorded on other plant species by Gutiérrez-Coronado et al., (1998) on soybean, Farouk and Osman 
(2011) on common bean, Ali and Mahmoud (2013) on mungbean , Anosheh et al.,  (2014) on 
barley and Gomaa et al., (2015) on Lupins termis .  
 

Con

http://ascidatabase.com/author.php?author=E.A.&last=Ali
http://ascidatabase.com/author.php?author=Adel%20M.&last=Mahmoud
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             (A)                           (B) 

Fig. 1: Habit of cowpea plant at blooming stage (the age of 75 days) as affected by foliar spray with 
salicylic acid. 

           A- Untreated plant (control).      
          B- Plant treated with 100 ppm salicylic acid. 

II- Photosynthetic pigments: 
 
      It is realized from Table (2) that all tested concentrations of salicylic acid increased photosynthetic 
pigments ( chl a, chl b, total chl and carotenoids) of cowpea plants. The best values in photosynthetic 
pigments were recorded at the concentration of 100 ppm salicylic acid, being 17.3, 62.0, 25.6 and 
86.6% over the control plants for chl a, chl b, total chl and carotenoids; respectively. 
The previous of report Ünlü et al., (2009) found that salicylic acid at concentration of 0.50 µM have 
promotive effect on chlorophyll a, chlorophyll b and total chlorophyll of cowpea plants under salinity 
stress. Afshari et al., (2013) found that spraying cowpea plants with 300 µM SA showed the highest 
values for net photosynthesis rate under water stress. At the same time, Muthulakshmi and 
Lingakumar (2016) reported that the application of salicylic acid at 150 ppm significantly increased 
total chlorophyll in leaves, total soluble surge and total soluble protein of Vigna mungo plants.  



Curr. Sci. Int., 7(4): 553-564, 2018 
ISSN: 2077-4435 

558 

         Similar results were observed by, Khan et al., (2003) on soybean, Khan et al., (2012) on wheat, 
Anosheh et al.,  (2014) on barley and Gomaa et al., (2015) on Lupinus termis. 
 
Table 2: Photosynthetic pigments in fresh leaves of Vigna unguiculata L., aged 75 days, as affected 

by foliar application with different concentrations of salicylic acid (average of the two 
seasons, 2016 and 2017 combined) 

 
Treatments   (ppm)                               

Photosynthetic pigments (mg/g FW) 

Chlorophyll a 
(Chl a) 

Chlorophyll b 
(Chl b) 

Total 
chlorophyll 

(Chl) 
Carotenoids Chl a/ Chl b 

Total Chl/ 

Carotenoids 

Control                0 1.27 0.29 1.56 0.15 4.38 10.40 

Salicylic acid      25 1.30 0.30 1.60 0.18 4.33 8.88 

      50 1.37 0.32 1.69 0.21 4.28 8.04 

      75 1.38 0.39 1.77 0.23 3.53 7.69 

                          100 1.49 0.47 1.96 0.28 3.17 7.00 

                          125 1.33 0.34 1.67 0.20 3.91 8.35 

                          150 1.30 0.28 1.58 0.17 4.64 9.20 

 
III- N, P and K  
 
            It is clear from Table (3) that the six different tested concentrations of salicylic acid increased 
the values of nitrogen, phosphorus and potassium in dry leaves of cowpea plants, expect the high used 
concentration of 150 ppm salicylic acid  that  showed a decrement of 2.27 and 5.38 % for nitrogen and 
phosphorus below the control plants; respectively.  
           The best value of  N, P and k was recorded at the concentration of 100 ppm salicylic acid, 
being 31.16, 40.0 and 50.81% more than the control for nitrogen, phosphorus and potassium; 
respectively. 
      As far as the authors are aware, previous information about the effect of foliar application with 
salicylic acid on the values of N, P and K in dry leaves of cowpea plants are not available. 
 
Table 3: Determined mean values of N P K in dry leaves of Vigna unguiculata L., aged 75 days, as 

affected by foliar application with different concentrations of salicylic acid   

                                     Con. 

Treatments                   (ppm) 
N P 

 

K 

 

Control                                0 30.8 13.0 36.6 

salicylic acid                      25 33.3 15.1 40.4 

                                           50 35.7 15.6 44.2 

                        75 37.8 16.1 49.0 

                                         100 40.4 18.2 55.2 

                                          125 35.1 16.7 50.8 

                                          150 30.1 12.3 39.6 

Con. 
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VI- Yield characters 
 
      Data pertaining to yield characters of cowpea plants as affected by foliar applications with 
different concentrations of salicylic acid are given in Table (4).  The investigated characters included 
number of pods/ plant, number of seeds/ pod, number of seeds/ plant, weight of 100 seeds (g) and 
seed yield (g)/ plant. 
       Data presented in Table (4) reveal that the tested concentrations of salicylic acid (50, 75, 100 and 
125), induced promotive effect in all studied yield characters. the relatively high used concentration of 
150 ppm salicylic acid showed no significant effect in these characters although a decrement of 7 , 32, 
10 and 12% for number of pods/ plant, number of seeds/ pod, number of seeds/ plants and seed yield 
(g)/ plant below the control plants; respectively. 
 
Table 4: Yield characters of Vigna unguiculata L., as affected by foliar application with different 

concentrations of salicylic acid (average of the two seasons 2016 and 2017 combined) 

Treatments            (ppm) 

Yield characters 

No of 
pods/plant 

No of 
seeds/pod 

No. of seeds/plant 
Weight of 
100 seeds 

(g) 

 
Seed yield 
(g)/plant 

Control                0 10.0        CD 9.3         C 93.0              E 12.52 11.64      CD 

salicylic acid       25 11.3     BC 9.6         C 108.5         D 12.39 13.44      C 

      50 12.3     B 11.0     B 135.3      C 12.71 17.20    B 

      75 12.6     B 12.0  AB 151.2    B 12.68 19.17    B 

                           100 14.0 A 12.3  A 172.2  A 13.06 22.49 A 

                           125 12.0     B 11.3  AB 135.6       C 12.84 17.41    B 

                           150   9.3           D 9.0          C 83.7               E 12.29 10.29          D 

L.S.D. (0.05) 1.39 1.26 15.18 N.S. 2.74 

    Means having the same letter(s) are not significantly different at 0.05 level 

 
     Worthy to mention that the maximum significant increase in yield characters was detected at 100 
ppm salicylic acid, being 40, 32.2, 85.1 and 93.0% for number of pods/ plant, number of seeds/ pod, 
number of seeds/ plants and seed yield /plant over those of the control plants; respectively. 
     All assigned concentrations of salicylic acid had no significant effect on specific weight of seeds 
(weight of 100 seeds) of cowpea plants. 
      Information about the effect of salicylic acid on yield characters of cowpea plants are not 
available. However, some investigators reported that salicylic acid application resulted in increasing 
yield characters in some different field crop plants. Among of them, Ali and  Mahmoud 
(2013) on mungbean  Zamaninejad et al., (2013) and Ahmad et al., (2018) on corn and Gomaa et 
al., (2015) on Lupinus termis . These results are in agreement with the present finding. 
 
V- Anatomical studies 
 
    1- Stem anatomy 
 
        Microscopical measurements of specific histological characters at the median portion of the main 
stem of cowpea sprayed with 100 ppm salicylic acid and those of control are assumed in Table (5). As 
well, microphotographs explain these treatments are shown in Figure (2). 
      Data in Table (5) and Figure (2) reveal that foliar application with salicylic acid at concentration 
of 100 ppm increased the diameter of the stem of cowpea plant by 12.2 % more than the control. This 
is a result of the increase in all included tissues expect the diameter of pith, that showed a 

Con. 

http://ascidatabase.com/author.php?author=E.A.&last=Ali
http://ascidatabase.com/author.php?author=Adel%20M.&last=Mahmoud
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distinguished decrease by 15.3 % less than the control. The thickness of cortex, fiber strands, phloem 
tissue, xylem tissue and diameter of vessel were increased by 33.1, 14.1, 48.6, 49.9 and 110.1 % 
compared to the control; respectively. 
 
Table 5: Measurements (m) of some histological aspects in cross sections through the median 

portion of the main stem of cowpea plant, aged 75 days, exposed to foliar application with 
100 ppm salicylic acid (Means of three sections from three specimens)   

Histological aspects 
Treatments 

Control 
Salicylic acid 

(100 ppm) 
± % to control 

Diameter of  the stem 5922.5 6647.3                      + 12.2 
Thickness of cortex 166.7 221.9                      + 33.1 
Thickness of fiber strands 128.2 152.7                      + 19.1 
Thickness of phloem tissue 233.2 331.6                      + 48.6 
Thickness of xylem tissue 833.4 1249.3                      + 49.9 
Mean diameter of vessel 29.7 62.4                       + 110.1 
Diameter of pith  3215.6 2724.8                      _ 15.3 

    
       

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 2: Transverse sections through median portion of the main stem of cowpea plant, aged 75 days, as 

affected by foliar spray with salicylic acid. 

               A- From untreated plant (control). 

               B- From plant sprayed with 100 ppm salicylic acid. 

               Details : ca z, cambium zone; co, cortex; ep, epidermis; fi st, fiber strands; ph, phloem; pi, 

pith; vs, vessel and xy, xylem. 

 
 

ep 

co 

fi st 

ph 

ca z 
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       Previous information about the effect of salicylic acid on the anatomical structure of the main 
stem  of cowpea plants are not available. However, some investigators confirmed the present findings 
using salicylic acid on other plant crops; for instance, Maddah et al., (2007) stated that foliar 
application with salicylic acid at the concentration of 0.1 mM increased paranchyma and 
sclerenchyma tissues in stem and increased xylem tissue in roots of chickpea plants. Gomaa et al., 
(2015) worked on Lupinus termis plants, found that salicylic acid at 75 ppm increased diameter of the 
main stem and all included tissues (epidermis, cortex, fiber strands, phloem and xylem ) . All, being in 
harmony with the present findings. 
   
2- Leaf anatomy  

     Microscopical counts and measurements of specific histological characters in transverse sections 
through the blade of mature foliage leaf developed at median portion of the main stem of cowpea 
plant sprayed with 100 ppm salicylic acid and those of untreated plant are assumed in Table (6). As 
well, microphotographs explain these treatments are shown in Figure (3). 

 
Table 6: Measurements (m) and counts of some histological aspects in cross sections through the 

blade of the terminal leaflet of the compound leaf developed on the median portion of the 
main stem of cowpea plant, aged 75 days, exposed to foliar application with 100 ppm 
salicylic acid 

               (Means of three sections from three specimens) 

Histological aspects 
Treatments 

Control 
Salicylic acid       

± % to 
(100 ppm)         

control 
Thickness of midvein  1630.5 1847.9 + 13.3 
Thickness of lamina 341.8 404.6 + 18.4 
Thickness of palisade tissue 130.6 175.4 + 34.3 
Thickness  of spongy tissue 157.3 184.9 + 17.6 
Dimentions of midvein bundle:   
Depth (Length) 586.6 760.2 + 29.6 
Width 608.7 975.3 + 60.2 
No. of xylem rows/midvein bundle 6.9 9.2 + 33.3 
Mean diameter of vessel 27.4          26.6 -  2.9 

 
       It is clear from Table (6) and Figure (3) that foliar application with salicylic acid at the 
concentration of 100 ppm increased the thickness of midvein and lamina of cowpea leaf by 13.3 and 
18.4 % more than the control. This is a result of the increase in the thickness of palisade and spongy 
tissues by 34.3 and 17.6 % over the control. As well, the vascular bundle of midvein was increased in 
size as a result of the increase in length and width as well as number of xylem rows by 29.6, 60.2 and 
33.3% over the control; respectively. 
       Information about the effect of salicylic acid on the anatomical structure of the compound leaf 
developed on the median portion of the main stem of cowpea plant are not available. However, some 
investigators confirmed the present findings using salicylic acid on other field crop plants; for 
instance, Maslenkova et al., (2009) on barley, Faroukand and Osman (2011) on Phaseolus vulgaris ,    
Cárcamo et al., (2012) on Zea mays L. Nour et al., (2012) on bean and Gomaa et al., (2015) on 
Lupinus termis . All found that salicylic acid application increased thickness of midvein and lamina of 
leaves. All, being in harmony with the current results. 
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Fig. 3: Transverse sections through the blade of the terminal leaflet of the compound leaf 

developed on the median portion of the main stem of cowpea plant, aged 75 days, as 
affected by foliar spray with salicylic acid.                                                                                                          

                 A- From untreated plant (control). 
                 B- From plant treated with 100 ppm salicylic acid.  
             

Details: l ep, lower epidermis; mid b, midvein bundle; mid r, midvein region; spo, spongy 
tissue; pal, palisade tissue and u ep, upper epidermis. 
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