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Abstract 

 
Six species/cultivars were selected for the comparative anatomical studies of leaf in the genus 

Rosa from Faisalabad and adjoining administrative districts. The most widely cultivated R. 
damascena showed some specific anatomical modifications in leaves such as thick leaves (lamina), 
thick upper epidermis, large palisade cells, wide protoxylem vessels, large phloem area and large 
and more stomata particularly on adaxial epidermis. This species showed reduced cortical cell area, 
lower epidermis thickness, spongy cell area, vascular bundle area and metaxylem area. These 
characteristics indicated ecological success of this species to a variety of environmental types. The 
second most widely cultivated species, R. bourboniana ‘Gruss-an-Teplitz’ showed thick leaves 
(lamina), large cortical cell area, large vascular bundle area, large metaxylem vessels and large 
phloem area. All the Rosa species/cultivars showed great diversity in leaf tissue architecture, which 
are the indicators of distribution and ecological success of the genus Rosa in the Punjab plains, 
particularly Faisalabad environments. 
 
Introduction 
 

Economically Rosaceae is an important family with great morphological diversity. 
Morphological and chemical assessments (Challice, 1974) has been reported that genetic 
analysis based sequences strongly support the monophyly of the family Rosaceae (Morgan et 
al., 1994). However, Dickinson et al., (2007) combined morphological and molecular 
characters from members of the Rosaceae, they recircumscribed Maloideae and Rosoideae, 
the two largest subfamilies and rejected Amygdaloideae and Spiraeoideae, neither of which 
proved to be monophyletic. More recently, Potter et al., (2007) proposed a new classification 
of Rosaceae based on molecular phylogenetic analyses, in which they recognized three 
subfamilies viz., Rosoideae, Dryadoideae and Spiraeoideae. The newly defined Spiraeoideae 
includes all genera previously assigned to Amygdaloideae and Maloideae. 

The family Rosaceae comprises about 125 genera and 3500 species, cosmopolitan in 
distribution, but abundant in North Temperate Zone (Landrein et al., 2009). Members of 
Rosaceae are well represented in Pakistan with great economic and scientific importance. 
This family contains a great number of fruit trees of temperate regions. Some plants in 
the genus Rosa containing essential oils or with a high vitamin content are used in 
industries (Lu et al., 2003). Numerous species are used for medical purposes or are 
cultivated as ornamentals (Yü et al., 1986). 

About 25 species of wild roses have been reported growing in many parts of the 
world, mainly in temperate climates including Pakistan. Many of them have contributed 
to the development of highly-priced modern cultivars. Classification of Rosa species is 
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little difficult and that is because of relatively high hybridization potential (Yan et al., 
2005), and this may be the reason that the wild types of some modern forms are not 
always known (Wissemann, 2000). A large number of cultivated varieties and hybrids 
with great diversity in flower shape, size and color have been developed from many of 
the wild species. 

In Rosaceae, the research has been focused on morphological-based or genetic-based 
variations, which are used for the classification (Jan et al., 1999; Hancock et al., 2004; 
Chang et al., 2007; Evans et al., 2007). However, anatomical-based markers for 
exploring genetic diversity of Rosa species cultivars are expected to be quite high and 
they can be efficiently used for species identification in addition to structural adaptive 
features for different environmental conditions (Mohapatra & Rout, 2006; Yan et al., 
2005). The present study was focused on the evaluation of diversity in leaf tissue 
architecture and the relation of these adaptive anatomical features with the environmental 
hazards. 
 
Materials and Methods 
 

Faisalabad and its adjoining administrative districts namely Sheikhupura, Hafizabad, 
Sargodha, Khushab, Jhang, Toba Tek Singh, Okara, Lahore and Kasur were thoroughly 
explored for the record and distribution of native and exotic Rosa L., species/cultivars. 
Six species/cultivars were selected for the comparative anatomical studies of leaf. 

For anatomical studies, one cm piece from the leaf centre along with midrib was 
taken. The material was preserved in FAA (formalin acetic alcohol) solution for fixation, 
which contained formalin 5%, acetic acid 10%, ethyl alcohol 50% and distilled water 
35%. The material was then transferred in acetic alcohol (one part acetic acid and three 
parts ethyl alcohol) solution for long-term preservation. 

Double-stained standard technique was used for the preparation of permanent slides 
of transverse section following Ruzin (1999). Camera photographs taken by Carl-Ziess 
camera-equipped microscope. Data were subjected to statistical analysis using ANOVA 
for the comparison of means. Standard error was calculated following Steel et al., (1997). 
Cluster analysis was conducted using MiniTab Statistical Software. 
 
Results 
 

Among all the Rosa species/cultivars studied, the most widely cultivated were R. 
damascena and R. bourboniana ‘Gruss-an-Taplitz’ (Table 1). Rosa bourboniana and R. 
centifolia were the less frequently cultivated species, whereas R. chinensis viridiflora and 
R. ‘Yellow Sunblaze’ were less frequently cultivated in the Punjab plains. However, 
these species and cultivars can be rated as most tolerant and most sensitive to 
environmental stresses > R. damascena > R. bourboniana ‘Gruss-an-Taplitz’ > R. 
centifolia > R. borboniana > R. chinensis viridiflora > R. ‘Yellow Sunblaze’. Transverse 
sections of leaf midrib and lamina are presented in Figs. 1-3. 

All the leaf anatomical characteristics varied significantly among Rosa 
species/cultivars (Table 2). Midrib thickness was the maximum in R. bourboniana ‘Gruss 
an Teplitz’, whereas, in other Rosa species/cultivars, there was a little variation in midrib 
thickness. In contrast, variation in lamina thickness was relatively less as compared to 
midrib thickness. All Rosa species/cultivars varied slightly regarding lamina thickness 
except R. chinensis viridiflora, which showed greatly reduced lamina thickness. 
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Rosa bourboniana 

 
Rosa bourboniana ‘Gruss-an-Taplitz’ 

Leaf midrib Leaf lamina 
 

Fig. 1. TS of leaf of Rosa bourboniana and its cultivar ‘Gruss-an-Taplitz’. 
 
Epidermal thickness on both abaxial and adaxial leaf surfaces was maximum in R. 

centifolia as compared to those recorded in other Rosa species/cultivars. The minimum of 
this parameter was recorded in R. chinensis viridiflora on adaxial surface and R. 
bourboniana on abaxial surface.  

Cortical cell area was maximum in R. bourboniana ‘Gruss an Teplitz’. The 
minimum of this characteristic was recorded in R. damascena and R. ‘Yellow Sunblaze’. 
However, in other three roses, a little variation was recorded in cortical cell area. 

Variation was relatively high in palisade cell area as compared to spongy cell area 
among mesophyll tissues. The maximum of palisade and spongy was recorded in R. 
damascena and R. ‘Yellow Sunblaze’, respectively, whereas, R. bourboniana showed the 
minimum of both palisade and spongy cell area. 
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Rosa centifolia 

 
Rosa chinensis viridiflora 

Leaf midrib Leaf lamina 
 

Fig. 2. TS of leaf of Rosa centifolia and R. damascena. 
 

The maximum vascular bundle area was observed in R. bourboniana ‘Gruss-an-
Teplitz’, whereas the minimum of this character was recorded in R. chinensis viridiflora, 
which showed greatly reduced vascular bundle area as compared to those recorded in 
other species. The maximum of metaxylem area was recorded in R. bourboniana, which 
was followed by the metaxylem recorded in R. bourboniana ‘Gruss-an-Taplitz’. However, 
R. chinensis viridiflora and R. ‘Yellow Sunblaze’ showed greatly reduced metaxylem 
vessels. Protoxylem area was the maximum in R. ‘Yellow Sunblaze’ and the minimum in 
R. bourboniana ‘Gruss-an-Taplitz’. Phleom area was one of the least variable 
characteristics in Rosa species/cultivars. The maximum phloem area was recorded in R. 
damascena and the minimum in R. chinensis viridiflora. 
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Rosa damascena 

 
Rosa ‘Yellow Sunblaze’ 

Leaf midrib Leaf lamina 
 

Fig. 3. TS of leaf of Rosa chinensis viridiflora and R. ‘Yellow Sunblaze’. 
 

Four roses, R. bourboniana, R. bourboniana ‘Gruss-an-Taplitz, R. centifolia and R. 
‘Yellow Sunblaze’ showed stomata only at abaxial leaf surface (Figs. 4-5). Stomatal area 
was the maximum in R. damascena at adaxial leaf surface and in R. centifolia at abaxial 
leaf surfaces, however, the smallest stomata were recorded in R. chinensis viridiflora at 
both leaf surfaces. Stomatal density, in contrast, was the maximum in Rosa damascena at 
both leaf surfaces, whereas its minimum was recorded in R. chinensis viridiflora at 
adaxial surface and in R. ‘Yellow Sunblaze’ at abaxial surface. 
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Rosa bourboniana 

Rosa bourboniana ‘Gruss-an-Taplitz’ 

Rosa centifolia 
Abaxial epidermis Adaxial epidermis 

 
Fig. 4. Surface view of leaf epidermis of Rosa bourboniana and R. centifolia 

 
Discussion  
 

The most widely cultivated and hardy species, Rosa damascena showed some 
specific anatomical modifications, which may be the reason for its success in a variety of 
environmental conditions. These modifications include thick leaves (lamina), thick upper 
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epidermis, large palisade cells, wide protoxylem vessels, large phloem area and large and 
more stomata particularly on adaxial epidermis. However, cortical cell area, lower 
epidermis thickness, spongy cell area, vascular bundle area and metaxylem area were 
relatively reduced in this species. 

Thick leaves are advantageous, especially under osmotic stress condition, as 
succulent leaves are capable of storing more water that is vital under adverse conditions 
(Brouillette et al., 2006; Donovan et al., 2007). However, Diaz et al., (2004) and Ishida et 
al., (2008) rated angiospermic species with thick leaves as tolerant to osmotic stresses. 

Thick epidermis, particularly on adaxial leaf surface, is crucial for preventing water 
loss through leaf surface, which aids in water conservation. This may be the most 
effective mechanism under osmotic stress conditions against water loss through leaf 
surface (Jenks & Ashworth, 1999), as tolerant species have been reported to be generally 
equipped with thick epidermis (Ristic & Jenks, 2002). Large photosynthetic cells e.g., 
palisade cells are capable of enhancing photosynthetic capacity in this species, which was 
also reported by Bongi & Loreto (1989) in olive and Brugnoli & Bjorkman (1992) in 
cotton. Thick palisade helps in more mesophyll conductance and hence enhanced CO2 
diffusion that may increase photosynthetic rate (Loreto et al., 1992). 

Larger protoxylem vessels can improve water and nutrient conduction (Cholewa & 
Griffith, 2004), but at the same time smaller metaxylem vessels may prevent embolism 
(Facette et al., 2001), and this again is beneficial under moisture deficit conditions. Large 
phloem area can enhance the conduction of assimilates (Hose et al., 2001), which again 
indicates the ecological success of this species. 

Another reason for the ecological success of R. damascena is the presence of stomata 
on both adaxial and abaxial leaf surfaces. This indicates that this species is capable of 
maximizing leaf conductance to CO2, and hence the enhanced photosynthetic efficiency 
(Mott & Michaelson, 1991). In addition, higher stomatal density along with large stomata 
are closely linked to water-use efficiency as this influences stomatal conductance (Zhang 
et al., 2007). This may be the reason of the adaptation of this species to a variety of 
environments, as reported earlier (Spence et al., 1986; Martinez et al., 2007). 

More so, intensive hairiness in leaf can minimize water loss in addition to harmful 
solar radiations (Naz et al., 2009), which is again valuable in relation to the distribution 
of this species. Presence of epidermal trichomes is a xeromorphic trait (Bezic et al., 2003) 
and therefore, R. damascena can withstand osmotic stresses as it is capable of minimizing 
water loss through leaf surfaces. 

The second most widely cultivated species, R. bourboniana ‘Gruss-an-Teplitz’ 
showed thick leaves (lamina), large cortical cell area, large vascular bundle area, large 
metaxylem vessels and large phloem area. Leaf succulence in relation to midrib thickness 
and cortical cell area may provide ecological significance to cope with osmotic stresses 
like salinity and drought as this can conserve vital water necessary for successful survival 
under limited water environments (Hameed et al., 2009). In addition, large vascular 
bundles with broad metaxylem vessels and large phloem may provide efficient moisture 
and nutrient conduction as well as translocation of photosynthates (Steudle, 2000). 
Stomata were observed only on abaxial leaf surface that indicates that they do not face 
direct sunlight and expose less transpiration (Esau, 1977). 

In conclusion, all the Rosa species/cultivars showed great diversity in leaf tissue 
architecture. Furthermore, leaf structural features are the good indicators of distribution 
and ecological success of the genus Rosa. Most widely cultivated R. damascena and R. 
bourbonuana ‘Gruss-an-Taplitz’ showed specific anatomical modifications, and this may 
be the reason for their ecological success in a variety of environments. 
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Rosa chinensis viridiflora 

Rosa damascena 

R. ‘Yellow Sunblaze’ 
Abaxial epidermis Adaxial epidermis 

 
Fig. 5. Surface view of leaf epidermis of Rosa chinensis, R. damascena and R. ‘Yellow Sunblaze’. 

 
References 
 
Bezic, N., V. Dunkic and A. Radonic. 2003. Anatomical and chemical adaptation of Spartium 

junceum L. Acta Biol. Cracoviensia Serires Botanica, 2: 43-47. 
Bongi, G. and F. Loreto. 1989. Gas-exchange properties of salt stressed olive (Olea europea L.) 

leaves. Plant Physiol., 90: 1408-1416. 



TAHIRA NAWAZ ET AL., 882 

Brouillette, L.C., M. Gebremedhin, D.M. Rosenthal and L.A. Donovan. 2006. Testing hypothesized 
evolutionary shifts toward stress tolerance in hybrid Helianthus species. West North Am. Nat., 
66: 409-419. 

Brugnoli, E. and O. Bjorkman. 1992. Growth of cotton under continuous salinity stress: influence 
on allocation pattern, stomatal and non-stomatal components of photosynthesis and dissipation 
of excess light energy. Planta, 187: 338-347. 

Challice J.S. 1974. Rosaceae chemotaxonomy and the origins of the Pomoideae. Bot. J. Linn. Soc., 
69: 239-259. 

Chang, K.S., C.S. Chang, T.Y. Park and M.S. Roh. Reconsideration of the Prunus serrulata 
complex (Rosaceae) and related taxa in eastern Asia. Bot. J. Linn. Soc., 154: 35-54.  

Cholewa, E. and M. Griffith. 2004. The unusual vascular structure of the corm of Eriophorum 
vaginatum: implications for efficient retranslocation of nutrients. J. Exp. Bot., 55: 731-741. 

Diaz, S., J.G. Hodgson, K. Thompson, M. Cabido, J.H.C. Cornelissen, A. Jalili, G. Montserrat-
Marti, G. Grime, F Zarrinkamar and Y. Asri. 2004. The plant traits that drive ecosystems: 
evidence from three continents. J. Veg. Sci., 15: 295-304. 

Dickinson, T.A., E. Lo and N. Talent. 2007. Polyploidy, reproductive biology, and Rosaceae: 
understanding evolution and making classifications. Plant Syst. Evol., 266: 59-78. 

Donovan, L.A., S.A. Dudley, D.M. Rosenthal and F. Ludwig. 2007. Phenotypic selection on leaf 
WUE and related ecophysiological traits for natural populations of desert sunflowers. 
Oecologia, 152: 13-25. 

Esau, K. 1977. Anatomy of seed plants: 2nd ed. Wiley. New York, pp. 351-353.  
Evans, K.J., D.E. Symon, M.A. Whalen, J.R. Hosking, R.M. Barker and J.A. Oliver. Systematics of 

the Rubus fruticosus aggregate (Rosaceae) and other exotic Rubus taxa in Australia. Aust. Syst. 
Bot., 20: 187-251. 

Facette, M.R., M.E. McCully, M.W. Shane and M.J. Canny. 2001. Measurements of the time to 
refill embolized vessels. Plant Physiol. Biochem., 39: 59-66. 

Hameed, M., M. Ashraf and N. Naz. 2009. Anatomical adaptations to salinity in cogon grass 
[Imperata cylindrica (L.) Raeuschel] from the Salt Range, Pakistan. Plant Soil, 322: 229-238. 

Hancock, J. F., S. Serce, C.M. Portman, P. W. Callow and J. J. Luby. 2004, Taxonomic variation 
among North and South American subspecies of Fragaria virginiana Miller and Fragaria 
chiloensis (L.) Miller. Can. J. Bot., 82: 1632-1644.  

Hose, E., D. T. Clarkson, E. Steudle, L. Schreiber and W. Hartung. 2001. The exodermis: a variable 
apoplastic barrier. J. Exp. Bot., 52: 2245–2264. 

Ishida A, T. Nakano, K. Yazaki, S. Matsuki, N. Koike, D.L. Lauenstein, M. Shimizu and N. 
Yamashita. 2008. Coordination between leaf and stem traits related to carbon gain and 
hydraulics across 32 drought-tolerant angiosperms. Oecologia, 156: 193-202. 

Jan, C. H., D. H. Byrne, J. Manhart and H. Wilson. 1999. Rose germplasm analysis with RAPD 
markers. ASHS Northeast Region Annual Meeting, Cambridge, Mass., ETATS-UNIS, 34: 
206-209.  

Jenks, M. A. and E. N. Ashworth. 1999. Plant epicuticular waxes: Function, production, and 
genetics. In: Janick J (ed) Horticultural reviews, vol 23. Wiley, New York, pp: 1-68. 

Landrein, S., R. Borosova, J. Osborne, M. Shah, M. T. M. Rajput, S. S. Tahir and J. Zielinski. 2009. 
Rosaceae-Potentilleae and Roseae. In: Flora of Pakistan. Karachi University Press, University 
of Karachi, Karachi, Pakistan. 216-312. 

Loreto, F., P. C. Harley, G. D. Marco and T. D. Sharkey. 1992. Estimation of mesophyll 
conductance to CO2 flux by three different methods. Plant Physiol., 98: 1437-1443. 

Lu, L., C. Gu, C. Li, C. Alexander, B. Bartholomew, A. R. Brach, D. E. Boufford, H. Ikeda, H. 
Ohba, K. R. Robertson and S. A. 2003. Spongberg. Rosaceae. Flora of China, 9: 46-434. 

Martinez, J. P., H. Silva, J. F. Ledent and M. Pinto. 2007. Effect of drought stress on the osmotic 
adjustment, cell wall elasticity and cell volume of six cultivars of common beans (Phaseolus 
vulgaris L.). Eur. J. Agron., 26: 30-38. 

Mohapatra, A. and G. R. Rout. 2006. Optimization of primer screening for evaluation of genetic 
relationship in rose cultivars. Biol. Plant., 50: 295-299.  



ECOLOGICAL SIGNIFICANCE OF DIVERSITY IN THE GENUS ROSA  883

Morgan, D. R., D. E. Sotlis and K. R. Robertson. 1994. Systematic and evolutionary implication of 
rbcl sequence variation in Rosaceae. Am. J. Bot., 81: 890-903. 

Mott, K. A. and O. Michaelson. 1991. Amphistomaty as an adaptation tohigh light intensity in 
Ambrosia cordifolia (compositae). Am. J. Bot., 78: 76-79. 

Naz, N., M. Hameed, A. Wahid, M. Arshad, M. S. A. Ahmad. 2009. Patterns of ion excretion and 
survival in two stoloniferous arid zone grasses. Physiol. Plant., 135: 185-195.  

Potter, D., S. M. Still, T. Grebenc, D. Ballian, G. Božič, J. Franjiae and H. Kraigher. 2007. 
Phylogenetic relationships in tribe Spiraea (Rosaceae) inferred from nucleotide sequence data. 
Plant Syst. Evol., 266: 105-118. 

Ristic, Z. and M.A. Jenks. 2002. Leaf cuticle and water loss in maize lines differing in dehydration 
avoidance. J. Plant Physiol., 159: 645-651. 

Ruzin, S. E. 1999. Plant Microtechnique and Microscopy. Oxford Univ. Press, New York. 
Spence, R.D., H. Wu, P.J.H. Sharpe and K.G. Clark. 1986. Water stress effects on guard cell 

anatomy and the mechanical advantage of the epidermal cells. Plant Cell Environ., 9: 197-202. 
Steel, R. G. D., J. H. Torrie and D. A. Dickie. 1997. Principles and Procedures of Statistics-A 

Biometric Approach. 3rd edn. McGraw-Hill Publishing Company: Toronto. 
Steudle, E. 2000. Water uptake by roots: effects of water deficit. J. Exp. Bot., 51: 1531-1542. 
Wissemann, V. 2000. Epicuticular wax morphology and the taxonomy of Rosa (section Caninae, 

subsection Rubiginosae). Plant. Syst. Evol., 221: 107-112.  
Yan, Z. F., O. Dolstra, T. Hendriks, T. W. Prins, P. Stam and P. B. Visser. 2005. Vigour evaluation 

for genetics and breeding in rose. Euphytica, 145: 339-347. 
Yu, T., L. Lu, T. Ku, C. Li, K. Kuan and W. Chiang. 1986. Rosaceae. In: Yu, T. (ed.), Fl. Reipubl. 

Popularis Sin., 38: 1-133. 
Zhang, Z.B., H.B. Shao, P. Xu, L.Y. Chu, Z.H. Lu and J.Y. Tian. 2007. On evolution and 

perspectives of bio-water saving. Colloids Surf B Biointerfaces, 55: 1-9. 
 

(Received for publication 10 April 2010) 
 


