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Abstract 

 Foliar anatomical studies of twelve taxa of Coffea have undertaken to reveal the interrelationship among them. The 

following are the taxa studied for anatomical characters (Coffea arabica, C. robusta, C. liberica, C. excelsa, C. abeokutae, 

C. stenophylla, C. eugenioides, C. bengalensis, C. congensis, C. kapakata, C. salvatrix and C. Wightiana). The study 

revealed anatomically, the various species of Coffea differ among one another by epidermal cells; number of stomata; 

stomatal index and mesophyll tissues. A marked distinction was observed among taxa of Coffea with reference to morpho-

anatomical parameters. Further, the leaf anatomical study revealed, a typical dicotyledonous type of leaf with one palisade 

layer in all the taxa except Coffea excelsa and C. abeokutae have two rows of palisade cells. Further, whereas, in Coffea 

stenophylla and C. wightiana there are mixed of single and double row of palisade parenchyma. All the species of Coffea 

have Rubiaceous type of stomata (paracytic). It is presumed, that either Coffea arabica or Coffea robusta may established 

first in its wild state (origin of species) and then derived many more Coffea species by genetical and environmental influence 

on the crop. 
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Introduction 

 Foliar anatomical studies have been made in 

twelve taxa of plants belonging to the Angiospermic 

family Rubiaceae have undertaken to reveal the 

interrelationship and evolution among them. The family 

Rubiaceae commonly known as, Madder family (Rubia 

tinctorum Linn). A different comprehensive account of 

the family was given by (Bentham and Hooker, 1883; 

Engler and Prantl, 1897; Skottsberg, 1940; Bessey, 1915; 

Wettestein, 1924; Hallier, 1868-1932; Willis, 1966). 

Rubiaceae possesses 400 genera covering 5,000 species 

and is one of the largest family of flowering 

dicotyledons. Most of the taxa are tropical but a number 

of them (exp. Galieae) are temperate, Galium itself has a 

few arctic species. Tree or shrubs, rarely lianous, 

infrequent herbs. Leaves opposite or whorled (4 or 

more), simple, entire or rarely toothed, the stipule present 

as in interpetiolar or intrapetiolar, sometimes foliaceous 

and not distingusable from the leaves (as in Galieae) or 

reduced to glandular setae (as in Pentas), distinct or 

connate; inflorescence basically dichasial cyme (only the 

central flower present in some, as in Gardenia), the 

dichasial sometimes aggregated into globose heads (the 

flowers becoming basally adnate; as in Morinda); 

flowers bisexual, usually actinomorphic or rarely 

zygomorphic and somewhat bilabiatae (as in Hamelia). 

Calyx 4-5 lobed, the lobes or segments open in 

aestivation, sometimes becoming enlarged in fruit (as in 
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Coffea), the corolla gamopetalous, usually salver forms, 

rotate or funnel from 4-5 lobed (rarely 8-10), aestivation 

various and providing sectional characters.  

 Stamens as many as corolla lobes and alternate 

with them, epipetalous on the corolla tube, the anthers 2-

celled, dehiscing longitudinally, introse, usually distinct, 

pistil 1, the ovary inferior (rarely superior, as in 

Pagamea, or half inferior, as in Synaptanthera) the 

carpels 2 or more, the locules usually 2 with axil or 

seemingly placentation (in Gardenia), the ovules usually 

numerous in each locule (uniovulate in Pavetta with 

ovule sunken in the fleshy funiculus), the style1 and 

slender, often 2-branched, the stigma usually linear, 1 on 

each style, branch, solitary and 2- lobed. Fruit loculicidal 

or septicidal capsule or indehiscent and separating into 1 

segments (Galium), a fleshy berry in some genera 

(Coffea, Mitchella); Seeds sometimes winged (Morinda 

and Mitragyna); the endosperm usually copious and 

fleshy or rarely cartilaginous. The genus, Coffea has very 

remarkable characteristics features of high caffeine 

content in seeds than any other parts of coffee plant. 

Coffee is a favourite drink in South India. It is regarded 

as a wholesome and refreshing drink. Seed of Coffea 

arabica and C. canephora are the sources of coffee.      

C. arabica is noted for its quality and has already 

become popular, while C. canephora yield more and is 

resistant to pest and diseases. The seeds are roasted to a 

desired brown colour and then powdered. The aroma of 

coffee powder develops on proper and skilful roasting. 

Roasted coffee seeds contain 0.75-1.5 % of coffeine, and 

a little volatile oil. A coffee bush usually yields 0.45 - 0.9 

kg of cured coffee. Coffee contains several vitamins and 

also coffeine. Main coffee plantations are in the hill tracts 

of South India-Kerala, Mysore, Madras and Coorg. It is 

also cultivated on a much smaller scale in Andhra 

Pradesh and Orissa. The genus, Coffea is known to both 

non-botanist and botanist alike, firstly because of its 

economic importance and secondly of its long standing 

and as yet unsettled taxonomic history. The continuous 

quest to produce economically valuable and equally 

palatable coffee-producing plants had added to the 

taxonomic confusion. Questions emerge regarding the 

taxonomic status of both natural and artificially produced 

varieties, cultivars, of Coffea arabica L. With this small 

account about this genus, it has therefore, been felt that 

detailed and critical foliar anatomical studies of coffea 

species would be necessary and meaningful. 

Materials and Methods 

 The plant materials were collected from the 

Central Coffee Research Institute, Chickmagalore, 

Karnataka state for the study. Coffee Plant twigs were 

collected for morphoanatomical studies and stored in 

70% ethanol for laboratory studies. Hand free sections of 

leaves were taken and mounted in 50% glycerine for 

observation and recording. All of them were 

photographed and tabulated, Dermal studies were also 

made from the peeling of leaf, by mechanical striping. 

The epidermal peels on upper and lower (Table 1) 

surfaces of leaves were taken, stained with 1 percent 

aqueous saffranin and mounted in 50 percent glycerine. 

The nature and number of stomata, subsidiary cells and 

epidermal cells were studied in all the taxa. Ten reading 

in each epidermal cells; stomata length and breadth was 

taken; the mean ± standard error calculated and the 

results are tabulated. From the length and breadth of 

stomata, the L/B ratio was estimated. Stomatal index and 

stomatal frequency was estimated and included in table. 



Table 1. The place of collection in coffee plants 

 

 

 

 

 

 

 

 

 

Table 2. A comparative account in leaf anatomy of Coffea 

 

Results 

Generalized observation in leaf anatomy of Coffea 

 The leaf is usually dorsiventral. The hairs are 

Unicellular, Uniseriate, Tufted and occasionally peltate. 

The leaf surface is in some instances, provided with 

superficial vein-like network contain spiraltracheids or 

fibres. The stomata, nearly always, confined to the lower 

surface are typically Rubiaceous. The leaves are 

dorsiventral, uniseriate hairs are noted in species of 

Coffea cells of the epidermis with straight or sinuous 

anticlinal walls. Spiral tracheids or sclerenchymatous 

fibres from a superficial network. Stomata nearly always 

confined to the lower surface; mesophyll containing 

sclerenchymatous idioblasts in species of Coffea. 

Secretary elements like schizogenous secretary cavities, 

containing resinous material and appearing as transparent 

dots in the leaf. Secretary cells with unidentified contents 

noted in the ground tissue and sometimes in the phloem 

cells. Tanniferous cells are abundant in plants of Coffea. 

Crystals occur in the leaf tissues as calcium crystals and 

Name of the species Place of collection Wild or cultivated 

Coffea arabica Linn Yercaud - Chickmagalore, CCRI 

Coffee Research Station, Mysore  

 Cultivated 

C. robusta Linn 

C. liberica Bull. Exttiern  

 

 

 

Chickmagalore, CCRI Coffee 

Research Station, Mysore 

  

C. excelsa A. Chevi  

 

 

 

Wild 

  

C. abeokutae Cramer 

C. stenophylla G. Don 

C. eugenioides S. Moose 

C. bengalensis Roxb. (Psilanthus 

bengalensis) 

C. congensis Froehner 

C. kapakata 

C. salvatrix 

C. wightiana 

Name of the taxa Leaf 

thickness 

in µm 

Epidermis -

diameter (in µm) 

Parenchyma ( in µm) Number 

of 

mesophyll 

layer 

Palisade 

layer 

Upper Lower Length 

palisade 

Diameter 

spongy 

Coffea arabica Linn 63 5 4 13 5 7 Single 

C. robusta Linn 65 7 6 15 5 6 Single 

C. liberica Bull. exttiern 60 10 9 12 5 7 Single 

C. excelsa A. Chevi 100 12 10 25 10 8 Single/two 

C. abeokutae Cramer 100 10 6 10 5 10 Two 

C. stenophylla G. Don 98 5 4 17 8 8 Single 

C. eugenioides S. Moose 65 7 6 15 5 6 Single 

C. bengalensis Roxb. 60 10 8 10 5 7 Single 

C. congensis Froehner 90 10 9 15 5 7 Single 

C. kapakata 60 8 6 10 5 6 Single 

C. salvatrix 87 6 5 20 6 7 Single 

C. wightiana 50 10 4 13 5 6 Single/two 
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raphides (usually in elongated sacs, sometimes 

containing mucilage as well). Crystal-Sand in sacs 

sometimes recognizable by naked eye as bright dots in 

the leaf. Bacterial nodules and domatia, occur in the 

leaves. The bacteria established themselves in the leaf 

buds, in a gummy substance. Secretion within the 

stipular sheath and infect the young leaves in the buds, 

entering them through certain stomata, which are formed 

at a rather early stage and are connected with secretary 

cavities in the mesophyll. In the region of each point of 

entry of the bacteria, the mesophyll develops into a 

special enlarged lacunar tissue, the intercellular spaces of 

which become occupied by the bacteria, the leaf 

becoming locally thickened owing to the special growth  

to mesophyll tissue. 

 The following are the observation from the leaf 

sections of Coffea. As described in the book, Anatomy of 

the Dicotyledons by Metcalf and Chalk, we observed the 

entire feature in the genus Coffea of Rubiaceae. The 

characteristic Rubiaceae type (paracytic) of stomata 

occurs in the lower epidermis of leaf. Among the coffea 

species the diploid species (Wild) including tetraploid 

derivatives (Shrubs and Trees) showed two layer of 

palisade parenchyma with 5 to 12 rows of spongy 

parenchyma. The mesophyll tissues are highly occupied 

by the presence of Calcium oxalate deposition, silica 

deposition, secretary cell formations, air cavities and 

domatia by the activities of ant and bacteria (Fig. 1-4). 

 

Fig. 1. Leaf anatomy of Coffea species 

     

     

1. Coffea arabica 2. Coffea robusta 3. Coffea liberica 4. Coffea excelsa. (UE = Upper Epidermis; P = Palisade parenchyma; 

S = Spongy parenchyma; A = Air spaces; C = Cystolith; VB = Vascular Bundles; LE = Lower Epidermis) 

 



Coffea arabica  

 Transverse section of leaf showing single row of 

palisade and 5 to 6 rows of spongy parenchyma. Along 

with mesophyll cells, the storage region having secretary 

cells and their products (calcium oxalate crystals and 

tanniniferous chemicals) (Fig.1.1). 

Coffea robusta 

 T.S of leaf anatomy showing single row of 

palisade and 9 to 12 rows of spongy parenchyma. Along 

with mesophyll cells, the storage cells, calcium oxalate 

crystals containing cells, arenchyma cells and tannin 

secretary cells are present (Fig.1.2). 

Fig. 2. Leaf anatomy (1. Coffea abeokutae; 2. Coffea stenophylla; 3. Coffea eugenioides; 4. Coffea bengalensis; 5 and 6. 

Coffea congensis) 
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Table 3. Table pertaining the account of dermal characters of coffea species 

 

Coffea liberica 

  T.S of leaf anatomy showing very short, single row 

of palisade parenchyma and 6 to 8 rows of spongy 

parenchyma. Along with mesophyll cells, tannin 

containing cells are present (Fig.1.3). 

Coffea excelsa 

 T.S of leaf anatomy showing two rows of palisade 

parenchyma cells and 10 to 12 layer of spongy 

parenchyma. Along with mesophyll cells, arenchyma 

cells, air spaces with Domatia insect living spaces 

(cavities) are present. Transfusion cells are also present 

in spongy parenchyma region. The storage products, 

calcium oxalate crystals and tannins are present in 

mesophyll (Fig. 1.4). 

Coffea abeokutae 

 T.S of leaf anatomy showing two rows of 

palisade and 4 to 5 rows of spongy parenchyma. Along 

with mesophyll cells, air spaces, calcium oxalate crystals 

and vascular bundles (leaf veins) are present (Fig. 2.1). 

Coffea stenophylla 

 T.S of leaf anatomy showing mixed type of single 

row or two rows of palisade parenchyma with storage 

tissues. There is frequent occurrence of calcium oxalate 

crystals, tannin secretary cells and Domatia present in 

storage part of leaf (Fig. 2-2). 

Coffea eugenioides 

 T.S of leaf anatomy showing single row of small 

sized palisade with 5 to 7 rows of spongy parenchyma. 

The leaf section showing comparatively large leaf vein 

with mesophyll tissues. As seen in other cases, the 

storage product calcium oxalate crystals are abundant in 

mesophyll (Fig.2-3). 

Coffea bengalensis 

 T.S of leaf anatomy showing a row of palisade 

with larger proportion of spongy parenchyma. The 

occurrence of leaf vein, crystals, domatia and secretary 

cells are seen in mesophyll (Fig. 2-4). 

Coffea congensis: T.S of leaf anatomy showing a 

typical dicotyledonous type with air cavities, secretary 

cells, domatia and calcium oxalate crystals. Presence of 

tannifereus cells is unique in this species (Fig. 2,5 and 6). 

Coffea kapakata 

 T.S of leaf anatomy showing single row of 

palisade parenchyma 5 to 8 rows of spongy parenchyma 

along with air cavities, large secretary cells 

(tanniniferous cells) are also present (Fig. 3-1 and 2). 

Name of the 

Taxa 

Average No. 

of epidermal 

cells ± S.E 

Average No. 

of stomata ± 

S.E 

Stomata L/B 

ratio 

Stomatal 

frequency 

(%) 

Stomatal 

index 

Remarks 

Length 

in µm 

Breadth 

in µm 

Coffea arabica  L 86 ± 2 12 ± 0 7.60 5.05 1.5 14 12.5  

 

 

 

 

Hypostomatic 

  

C. robusta  L 162 ± 2 17 ± 1 5.90 4.25 1.4 10 8.9 

C. liberica  L 115 ± 1 29 ± 0 10.00 7.00 1.4 25 20.1 

C. excelsa  L 125 ± 2 30 ± 1 9.00 7.00 1.3 24 19.3 

C. abeokutae   L 127 ± 2 30 ± 2 6.50 5.50 1.2 24 24.0 

C. stenophylla  L 155 ± 2 21 ± 0 7.50 6.00 1.3 13 11.9 

C. eugenioides L 78 ± 1 11 ± 1 9.00 6.50 1.5 14 12.3 

C. bengalensis L 80 ± 2 12 ± 1 9.05 6.60 1.4 14 12.4 

C. congensis L 86 ± 0 12 ± 0 7.60 5.05 1.5 15 12.5 

C. kapakata L 87 ± 0 13 ± 0 7.70 5.00 1.4 10 8.9 

C. salvatrix L 88 ± 2 12 ± 0 7.60 5.05 1.5 14 12.5 

C. wightiana L 90 ± 1 13 ± 1 7.50 6.00 1.3 13 12.0 
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Coffea salvatrix 

 T.S of leaf anatomy showing single row of large 

sized palisade and 6 to 7 rows of spongy parenchyma. 

Along with the mesophyll tissues, domatia, air cavities 

and calcium oxalate crystals are present (Fig. 3-3 and 4). 

Coffea wightiana 

 T.S of leaf anatomy showing a mixed type of 

single or two rows of palisade parenchyma and spongy 

parenchyma. Along with, crystals, air cavities and 

secretary cells are present (Fig. 3-5 and 6).

Fig. 3. Leaf anatomy 

      

      

      

Leaf anatomy (1 and 2. Coffea kapakata; 3 and 4. Coffea salvatrix; 5 and 6. Coffea wightiana) U.E = Upper Epidermis; L.E 

= Lower Epidermis; G = Guard cell; S.C = Subsidiary cell; E.C = Epidermal cell 
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Fig. 4. The comparative account of Leaf Epidermal studies in Coffea species 

 

U.E = Upper Epidermis; L.E = Lower Epidermis; G = Guard cell; S.C = Subsidiary cell; E.C = Epidermal cell (1. Coffea 

arabica; 2. C. robusta; 3. C. liberica; 4. C. excels; 5. C. abeokutae; 6. C. stenophylla; 7. C. eugenioides; 8. C. bengalensis; 

9. C. congensis; 10. C. kapakata; 11. C. salvatrix; 12. C. wightiana) 

Discussion 

 Leaf is a variable organ. The leaf of a same plant 

has different shape and size. Based on leaf shape, various 

names are given to coffee plants: Anomala, (an); 

Anormalis, (am); Angustifolia (ag); Crassinerva, (cn); 

Crispa, (cr); Mucronata, (mc); and Volutifolia (vf). 

Likely the leaf colour such as pupurascens, (pr); and 

Bronze, (br); and different combinations or both 

pupurascens and Bronze has slightly darker bronze 

young leaves, of Coffea observed among the different 

taxa based on the growth and shape characters; the coffee 

plants were grouped / named as follows: Abramulosa, 

(ar); Caturra, (ct); Erecta, (er); Fasciata, (fs); Lauriana, 

(lr); Maragogipe, (mg); Mokka, (mo); Nana, (na); 

Polyorthotropica, (po); San Ramon, (SR); Sao Bernardo, 

(SB); Semi-erecta, (Se); and Typica, (T). All the above 

features were observed at different species of Coffea 

studied with reference to morphology of leaves in the 

present study, transverse section of leaves were taken, 

observed and recorded. It has the dicotyledonous leaf 

with dorsiventrally differentiated, typical epidermis, 

mesophyll tissue and veins (mid and lateral) are noticed. 

The palisade may be one row-observed in all the taxa 

except Coffea excelsa and C. abeokutae. Cavities, 

sometimes states to be domatia for small organisms, have 

also been recorded on the leaves of a few Coffea plants.  

Cells of epidermis with straight or sinuous 

anticlinal walls; spiral tracheids or sclerenchymatous 
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fibres form a superficial network, partly associated with 

the veins, especially on the abaxial surface of the leaf. 

Stomata nearly always confined to the lower surface; 

usually rubiaceous, but the arrangement of the subsidiary 

cells varying in different species (Fig. 4-1 to 12). 

Mesophyll containing sclerenchymatous idioblasts in 

species of Coffea. Main vascular strand exhibiting the 

following structure. Cylindrical but not usually including 

medullary strands in Coffea arabica Linn; C. Liberica 

Heirn. According to Mariani (1908) the median strand is 

closed at the distal end in most species of Coffea, and 

there are occasionally 1 or 2 Medullary strands within the 

ring. Cavities believed to be domatia noted by Mariani 

(1908) in the angles between the junctions of the 

secondary vein with the midrib in 25 species of Coffea. 

Tanniniferous cells described as abundant in Coffea. 

Schizogenous secretary cavities containing resinous 

material and appearing as transparent dots in the leaf. 

Crystals and Raphides are recorded in the mesophyll 

tissues of leaf. All the above features, described, were 

noticed in this present study and reconfirmed. The 

anatomical features with reference to leaf cross section 

reveal a typical dicotyledonous angiospermic leaf 

anatomy. The presence of domatia ant and bacteria are 

invaded in the mesophyll tissues of Coffea, are unique 

and species specific. The ratio of palisade tissue and 

spongy parenchyma (Chlorenchyma) is species 

depended. The presence of two palisade layer in certain 

species of Coffea (tree Coffea and tetraploid species) are 

different and the uniform presence of single layer of 

palisade in all other diploid species is unique. The 

uniform presence of air-spaces and calcium oxalate 

crystals, raphides and tannin containing cells are typical 

for all the Coffea species studied and they are closely 

related and phylogenitically highly evolved among 

angiosperms. 

 There are several elaborate works of epidermal 

characters by different authors. Such studies have been 

successfully utilized to solve the problems of 

taxonomical interrelationship of plants. Ramayya and 

Raja Shanmukka Rao (1976); Raja Shanmukka Rao and 

Ramayya (1977); Jain and Sing (1973) have studied the 

morphology, phylesis, trichome nature and epidermal 

cells of the various species of the family Malvaceae. 

Thakur and Patil (2011); Elumalai et al. (2013); Essiett  

et al. (2012) have studied the epidermal characteristics of 

the species Euphorbiaceae. Ahmed (1976); Inamdar 

(1967); King and Robinson (1970) have studied the 

epidermal characteristics of the species Acanthaceae. 

Maria Bernadete Concalves Martins and Rodrigo Zieri 

(2003); Idu et al. (2009); Elumalai et al. (2012); Hussein 

et al. (2012) have studied the leaf anatomical characters 

of the species Euphorbiaceae. Franco (1938-1939) 

investigated chromosome number and stomatal 

distribution per unit area of lamina. In the present 

investigation, an attempt has been made to study the 

epidermal characters and leaf anatomy of Coffea of 

Rubiaceae for phylletic relationship. All the taxa studied 

revealed uniform presence of paracytic type of stomata 

with hyphostomatic condition. The results obtained from 

the epidermal studies with special reference to stomatal 

index, stomatal frequency, L/B ratio of stomata helpful in 

providing support for species specific and differentiation 

of species. The views of Mariani (1908) on the leaf 

anatomy of Coffea are observed in the present study.  

Epidermal studies 

 There are several elaborate works of epidermal 

characters by different authors. Such studies have been 
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successfully utilised to solve the problem of taxonomical 

interrelationship of plants. Many researchers studied that 

the morphology, phylesis, trichome nature, stomatal 

nature and epidermal cells of the various species of the 

family Malvaceae (Ramayya and Raja Shanmukka Rao, 

1976, Raja Shanmukka Rao and Ramayya, 1977; Bates, 

1967; Jain and Singh, 1973). Ahmad (1976) have studied 

the epidermal characteristics of the species of 

Acanthaceae (Inamdar, 1967; King and Robinson, 1970). 

The works of the epidermal feature by Inamdar (1967) in 

Oleaceae and King and Robinson (1970); Ramayya 

(1962) in Eupatorium (Compositae) are helpful in 

solving taxonomical problems. 

 In the present investigation, an attempt has been 

made to study comparatively the epidermal characteristic 

of 12 taxa of Coffea of Rubiaceae (Table - 3). All the 

species of Coffea studied are linked together by uniform 

presence of paracytic type of stomata. Even though we 

may separate these taxa into 2 major division by what is 

known as the characters such as amphistomatic and 

hypostomatic condition, it is not possible to come to a 

fundamental conclusion by classifying the taxa into a 

definite number of groups on the basis of epidermal 

characteristics. In the genus Coffea all the species studied 

are showing the hypostomatic condition alone; whereas, 

the other characters like, stomatal frequency, stomatal 

index and length and breadth of stomata each and every 

species has differences and uniqueness with species 

specific. Therefore, it is concluded that among the 

species of Coffea of Rubiaceae studied, no correlation 

between the number of stomata and epidermal cells as 

evidenced by the studies of stomatal index and stomatal 

frequency. The epidermal studies including the stomata 

of all the taxa of Coffea reveals the paracytic type and 

hypostomatic condition. But, in other epidermal 

characters, like stomatal index and stomatal frequency 

each and every species reveal more or less distinct. Each 

and every species studied is more or less distinct and it is 

even difficult to classify them on the basis of epidermal 

characteristics. For instance, the highest frequency of 

stomatal index of lower epidermis among the 12 taxa of 

Coffea, studied shows a range of 8.9 to 20.1 and this 

range is represented by different species of Coffea. The 

present epidermal studies show that the taxa studied are 

of polyphyletic. 
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