
KHAN AND ZAKI (2016), FUUAST J. BIOL., 6(1): 73-80 

SIZE VARIATION AND SURFACE STRUCTURE OF PODS AND SEEDS OF 

BAUHINIA RACEMOSA LAMK. 
 

D. KHAN AND M. JAVED ZAKI  

 

Department of Botany, University of Karachi, Karachi-75270, Pakistan. 

 
 

Abstract 

 

Size variation and surface structure of pods and seeds of Bauhinia racemosa are described. The immature 

and developing fruits of B. racemosa are twisted strap like dark green, and photosynthesizing. The mature fruits 

mostly twisted, oblong and compressed chocolate brown, turgid, and apex tapered. Pod surface has ridges and 

grooves. The mature pods of B. racemosa averaged to 15.79 ± 0.273 cm (4.60 – 25.70 cm) in length and 2.02 ± 

0.016 cm (1.20-2.8 cm) in breadth. An average pod weighed 9.19 ± 0.23g (1.56 – 18.25g; CV: 36.64%) and 

yielded on an average 10.27 ± 0.35 seeds. The surface of the pods had non-glandular unicellular conical 

trichomes (80-150 μm), denser in the depressed areas. The inner diameter of trichome stub was 7.98 μm and 

outer diameter of 17.1 μm. The lumen of broken trichomes was often filled with occluded materials. In B. 

racemosa, stomata were present only on the outer epidermis of the pericarp but not on the inner epidermal lining 

of the seed chamber. Pod wall in B. racemosa appeared to have some air spaces. The epidermal lining of the 

seed chamber appeared to be quite smooth and provided with so many openings of the micro-tunnels running in 

the pod wall. Single seed weight based on 1170 seeds weighed individually averaged to 93.20 ± 0.74mg (25.0 – 

194.0 mg, CV: 27.14%) i.e. varying by 7.76-folds. The seeds were foveolate (having pits on the surface). The 

results are discussed in view of the possible role of green pod wall and seeds in pod development and gaseous 

exchange across pod wall. 

 

Introduction 
 

Genus Bauhinia L. includes c 300 species (Yakovlev, 1991). According to Larsen (1975), however, 600 

species of pantropical distribution are included in the genus Bauhinia L. Eight species of Bauhinia L. are 

reported from Pakistan namely B. corymbosa, B. linnaei, B. purpurea, B. retusa, B. racemosa, B. tomentosa, B. 

vahlii and B. variegata (Ali, 1973). Ponomarenko and Pavlova (2003) have divided Bauhinia species studied by 

them (13 in number) into two groups on the basis of seed structure. Group I species (B. aculeata, B. purpurea 

and B. variegata) have seeds that are laterally flattened, disk shaped, slightly convex on one side and concave on 

the other. The colour is brown and the surface is matte and wrinkled. Endosperm is absent, and no aleurone 

layer is present. Stomata are present on the seed surface, which always remain open. The group II species (B. 

acuminata, B. cumanensis, B. diphylla, B. galpinii, B. hookerii, B. mononadra, B. racemosa, B. rufescens, B. 

tomentosa and B. violacea) have seeds with elliptic contour and are less flattened laterally. The colour is black 

and dark brown. The surface is lustrous and smooth. There is no stomatal apparatus and surface cuticle shows 

no distinct sculptural pattern and looks coarsely pitted. Endosperm is thick and aleurone layer is present.  Group 

I seeds are heavier than group II seeds. However, spermoderm of group II seeds is thicker than that in seeds of 

group I species. Also, seeds of group I species have no hypodermis whereas group II seeds have hypodermis.  

Rugenstein and Lersten (1981) examined 45 species of Bauhinia (evenly distributed in old and new World 

tropics) and found stomata on mature seeds of eight species viz. B. acuminata, B. glauca, B. grandiflora, B. 

microstachya, B. purpurea, B. retusa, B. vahlii and B. variegata. Four of these species viz., B. purpurea, B. 

retusa, B. vahlii and B. variegata, are Pakistani Bauhinias showing the presence of stomata on the seeds. The 

occurrence of stomata on seeds is an unusual character which is considered to be of taxonomic value 

(Rugenstein and Lersten (1981). Schleiden’s (1839) report on Canna maculata was the first observation on the 

occurrence of stomata on seed coats (Werker, 1997 (bears reference of Schleiden (1839); Johri, 2012). At 

present c. 30 families are known to bear stomata on seeds (Johri, 2012). The presence of stomata on outer seed 

integument is rare (Netolitzky, 1926; Werker, 1997; Paiva et al., 2006). Stomata on seed coat are although 

poorly developed when present, they play important role in seed imbibition and these permanently open stomata 

also take part in gas exchange during seed development (Paiva et al., 2006). According to the hypothesis of 

Jernstedt and Clark (1979) stomata in Eschscholzia take part in gas exchange when developing seeds 

photosynthesize within fruit. Gaseous exchange through pod wall has been demonstrated in some studies of 

legumes (Sheoran and Singh, 1987; Flinn et al., 1977; Setia et al., 1987).  

In present paper, some pods and seeds characteristics of B. racemosa, a legume of great economic 

importance and distributed in Sindh and Punjab, are studied, particularly for variation in their mass and for their 

surface structure under Scanning Electron Micrography. It is a semi-deciduous tree, reaching 10m or so. It 

grows in sunshine. Elephants feed on this tree in India. Seedling morphology of B. racemosa has been described 
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by Khan et al. (2015). They have reported paracytic, anisocytic, anisotricytic, anomocytic, staurocytic types of 

stomata in the leaves and cotyledons of this species. In B. racemosa, the developing pods and seeds are green. 

We hypothesized that there should be some alternate way other than stomatal apparatus for gaseous exchange 

from photosynthesizing seeds in this species.   

 

Materials and Methods 

 

Green immature and ripe pods from a mature tree (c 10m high with DBH around 50 cm, canopy area 56 m
2
 

and basal area around 27 dm
2
) of B. racemosa Lamk. (Burmese Silk Orchid, Jhinjera, Kosundra or Sonpatta 

tree), growing in the campus of University of Karachi, were collected. The mature fruits were air-dried for few 

months in shade. The seeds were recovered from them and stored in a brown glass bottle. The number of seeds 

recovered from each pod was recorded. A sizeable number of seeds were weighed individually on electrical 

balance to follows seed weight variation. The green pods were studied for pod and developing seed sizes by 

opening them longitudinally by ventral and dorsal sutures. For examination of surface structure of pods and 

seeds, sections of air-dried pericarp and seeds were mounted on brass stubs and then coated with a layer of 300 

nm (A
o
) gold in a sputter-coater (JFC-1500). SEMs were made at 15 and 30 kV with JEOL JSM – 6380 LV 

Scanning Electron Microscope at various magnifications. The images were saved digitally on computer.  

 

Results and Discussion 

 

The immature and developing fruits of B. racemosa are twisted strap like dark green, and photosynthesizing 

(Fig. 1A). In literature, there are many reports of green photosynthetic characteristics of legume pods 

(Crookston et al., 1974; Flinn et al., 1977; Sambo et al., 1977; Atkins and Flinn, 1978; Sheoran et al., 1987; Ma 

et al., 2001; Futbank et al., 2006; Wang et al., 2016). The mature ripe fruits were mostly twisted, oblong, 

compressed chocolate brown, hard, tough and swollen and apex tapered. Pod surface had ridges and grooves 

(Fig. 1B). The mature pods of B. racemosa averaged to 15.79 ± 0.273 cm (4.60 – 25.70 cm) in length and 2.02 ± 

0.016 cm (1.20-2.8 cm) in breadth (Table 1). Pod length, was more variable character (CV: 25.37%) than pod 

breadth (CV: 11.42%). An average pod weighed 9.19 ± 0.23g (1.56 – 18.25g; CV: 36.64%) and yielded on an 

average 10.27 ± 0.35 seeds (CV: 46.09%).   

The surface of the pods bears non-glandular unicellular conical trichomes (80-150 μm), denser in the 

depressed areas (Fig. 2 and 3). The trichomes are often broken due to random events and their stubs may be seen 

distributed over the pericarp (Fig. 4 A, C and E). The inner diameter of trichome stub was 7.98 μm and outer 

diameter of 17.1 μm. The lumen of broken trichomes may often be filled with occluded materials presumably 

lipids (Fig. 5 A and B).  
 

 

 
 

Fig. 1. The pods of Bauhinia racemosa L collected from Karachi University campus, Karachi. A, Young 

green strap like thin pod and B, Mature fruits are chocolate brown shiny flat and generally twisted in one 

plane but often in two or more planes also. Note the ridges and grooves. The ridges correspond with the 

location of seed inside. The depressed areas are relatively rougher than the raised areas which are 

smoother. 
 

In B. racemosa, stomata were present only on the outer epidermis of the pericarp (Fig. 4 D and F) but not 

on the inner epidermal lining of the seed chamber. Pod wall in B. racemosa appeared to have some air spaces 

(Fig. 6). The epidermal lining of the seed chamber appeared to quite smooth, devoid of any stomata but 

provided with so many openings of the micro-tunnels running in the pod wall (Fig. 7 A and B).  

The dark brown healthy seeds of B. racemosa are variously shaped and broadly classifiable into two 

categories (Fig. 8). The seeds of upper row are more or less oval to somewhat elliptic in shape and those of the 

lower row are circular or near circular in shape. Such seeds were comparatively lesser in number. Single seed 

weight (SSW) based on observation on 1170 seeds averaged to 93.20 ± 0.74 mg (25.0 – 194.0 mg, CV: 27.14%) 

A B 
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i.e. varying by 7.76-folds (Table 1). The smaller seeds (25-75 mg) were 24.4%, Medium seeds (76-125mg) were 

around 65.1% and large seeds category was merely 10.5%. The modal class (76-100mg) seeds were 35.7% of 

the total seeds. The sorted medium to large seeds measured 7.37 ± 0.094mm in length, 5.27 ± 0.072mm in 

breadth and 3.27 ± 0.075mm in thickness (Table 1). Yücadaĝ and Gültokin (2011) have reported 1000-seeds 

weight of B. racemosa to be 130.0 ± 10.0g i.e. on average 130 mg per seed.  Ponomarenko and Pavlova (2003) 

have reported B. racemosa normal healthy seed to weigh 144.3 mg. Our seed weight estimate of B. racemosa is 

comparatively lower than that reported above which may probably be attributed to seed lot composition of 

unsorted seeds with substantial number of smaller seeds (24.4%) or the geographical variation of the 

environment of the mother plants. The seeds of B. racemosa are reported to be rich in calcium and iron and 

glutelins fraction of proteins.  Seeds contained essential amino acids - lysine, tyrosine, and phenylalanine and 

anti-nutritional factors of free phenols, tannins, L-DOPA, and haemagglutinating and trypsin inhibitor activities 

were not particularly high (Rajaram and Janardhanan (1991). Since B racemosa seed endosperm consists of 

Galactomannans (Shcherbukhin and Anulov, 1999), B. racemosa can serve as a source of the valuable 

substances for various industries (Ponomarenko and Pavlova, 2001). 
 

Table 1. Location and dispersion parameters of some pods and seeds characteristics. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                                                  

                 PL, pod length; PB, pod breadth; PW, Pod weight; NSP, Number of seeds per pod, SSW, Single seed weight    

                (mg), SL, seed length (mm), SB, seed breadth (mm) and ST, seed thickness (mm). *, sorted medium to large seeds.       
             
 

 
 

 
Fig. 3. Denser crop of trichomes in the depressed part of the pod surface. 

Parameter PL 

(cm) 

PB 

(cm) 

PW 

(g) 

 

NSP 
SSW 

(mg) 

SL * 

(mm) 

SB* 

(mm) 

ST* 

(mm) 

N 215 215 215 180 1170 30 30 30 

Mean 15.785 2.0244 9.185 10.267 93.20 7.367 5.267 3.268 

SE 0.2731 0.0158 0.2295 0.3527 0.740 0.0942 0.0719 0.07453 

Median 15.10 2.00 8.870 10.0 93.90 7.00 5.00 3.29 

CV (%) 25.37 11.42 36.64 46.09 27.14 7.33 7.47 12.49 

g1 0.199 -0.187 0.216 0.083 -0.009 -0.514 0.508 -0.544 

Sg1 0.166 0.166 0.166 0.181 0.072 0.427 0.427 0.427 

g2 -0.297 1.063 -0.542 -0.046 -0.062 0.7.31 -0.382 2.739 

Sg2 0.330 0.330 0.330 0.360 0.143 0.833 0.833 0.833 

Min 4.60 1.20 1.16 0.0 25.0 6.0 4.5 2.17 

Max 25.70 2.80 18.25 23.0 194.0 8.0 6.0 4.28 

KS-z 1.037 2.282 0.793 0.915 1.143 1.724 1.557 1.047 

p 0.233 0.001 0.555 0.372 0.147 0.005 0.016 0.223 

Pod wall 

Fig.  2. SEM of depressed part of 

pod surface showing conical hairs 

(80-150 μm). 
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Fig.  4. SEMs of the dry pod surface of Bauhinia racemosa. Surface showing broken hair (A). 

There are several clogged stomata, only few open ones as indicated by the arrow in relatively 

rougher region of the dry pod (B and C). The stomatal pore admeasures 5.34 x 2.96 μm in size 

(6,600 X) (D). The basal remains of a trichome (E) in the depressed area of the pod (x 2,300) – 

inner diameter, 7.98μm and outer diameter, 17.1 μm. The stomata on outer wall of pericarp 

showing inner and outer rims of the aperture (F) and deposition of occluded material around 

(Magnification 8000X). 

 

C 

B A 

D 

F E 



KHAN AND ZAKI (2016), FUUAST J. BIOL., 6(1): 73-80  77 

There were no stomata on the seed surface. In stead, seeds were foveolate with large number of small pits 

more or less regularly-equidistantly distributed on the seed surface (Fig. 9) and visible at very high 

magnification. The pits were very small, 3.4 x 2.7 μm in size and reaching inside the spermoderm. According to 

Ponomarenko and Pavlova (2003) stomatal character on seeds is an ancestral character. The absence of stomata 

on B. racemosa seeds indicated that it should be relatively more advanced species among Bauhinias.  

 

  
 

Fig. 5. A close up of a broken trichome (A, lumen showing occluded material (magnification 5,500 X) and 

(B, almost completely clogged lumen of the trichome with Occluded material, presumably lipid (3000 x). 
 

The development of pod in B. racemosa appears to be a biphasic phenomenon. After fertilization, in the 

first phase pod (pod wall) grows rapidly and pod shows a strap like structure - twisted, thin and green and 

reaching the proportion of ripe pod but seed / ovule still small green structure around 1-2 mm in size (much 

lesser than the mature seed). When seed chambers are appropriately large in size, growth of seeds again takes 

place and they reach to their normal proportions. The developing seeds being green and photosynthesizing 

appear to contribute photosynthates to their development to an extent but major supply of nutrients appears to be 

available from pod wall, which as matures gradually, changes its colour from green to dark brown. In mature 

pods, however, still thick mesocarp persists. According to Sheoran and Singh (1987) pod wall (Mesocarp) being 

vascularized and chlorophyllous tissue fixes CO2 in light during the early phase of seed development in Cicer 

arietinum. It contributes about 20% to seed dry matter and rest mass comes from foliar photosynthates or that 

contributed by seeds themselves. Like B. racemosa, inner wall of the pod wall of C. arietinum had no stomata 

(Sheoran and Singh, 1987). The inner layers of pea pods have been shown to be most active site for refixation of 

respired CO2
 
(Flinn et al., 1977). Sheoran and Singh (1987) have shown that chickpea pod wall refixed 

14
CO2 

when fed through internal cavity more efficiently (90%) than seeds (10%). The mesocarp cells are metabolically 

more active as indicated by high amounts of starch, proteins and nucleic acid etc. present in the Mesocarp (Setia 

et al., 1987). Bennett et al. (2011) have shown that being photosynthetically active siliqua wall in Brassicaceae 

contributes assimilates and nutrients to fuel seed growth and it can, therefore, regulate the seed growth and 

maturation. 

Setia et al. (1987) have reported pod wall to exhibit precocious growth in several legumes when compared 

with seeds. It acts as a major sink for reserves located in the pod wall which are broken down in mobilizable 

components by hydrolytic enzymes and translocated into seeds which are major sink during the late phase of 

pod development. According to Setia et al. (1987), pod wall has multiple functions – 1) contribute to 

photosynthetic pool and adds significantly to its reserve budget, 2) the inner wall layers fix CO2 released in the 

pod cavity by respiring seeds and minimize CO2 loss to atmosphere, 3) it acts as temporary sink for assimilates 

from leaves and other nutrients which are later translocated to seeds and 4) pod wall protects seed from 

environmental extremes, pests and pathogens.  

It is to say that pod development in B. racemosa appears to be in two phases. First, it takes place in the pod 

wall till inflation phase and then in seeds during their later phase in development. The chlorophyll content in the 

leguminous pod wall is reported to be highest in very young pods, decreases gradually with development and 

becomes the minimum at maturity when the seeds attain maximum fresh weight (Atkins et al., 1997; Setia and 

Malik, 1985). Throughout pod development, entire pod wall plays a very crucial role (Futbank et al., 2006; 

Wang et al., 2016).   

A B 
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Fig. 6. Pod wall in LS – showing air spaces. 

 

  
 

Fig. 7.  A) SEMs of lining of seed chamber showing openings of several tunnels – presumably for gaseous 

exchange (200 X); B) One of the tunnel enlarged showing spatial passage of a tunnel (1900 X). 

 

 

                        
Fig. 8.   Seeds of Bauhinia racemosa. 

 

It is observed that there are no stomata on the inner epidermal lining of pod wall and seed integument in B. 

racemosa. It is, however, certain that being green the seeds photosynthesize during their development. Pod wall 

is also green and photosynthesize during pod development. It may be hypothesized that refixation of CO2 as 

demonstrated in Cicer arietinum (Sheoran and Singh, 1987; Wang et al., 2016) could also hold well in B. 

racemosa. There may be gaseous exchange between pod wall and the atmosphere around pod. The air spaces in 

the mesocarp of B. racemosa and tunnels ramifying in the mesocarp could provide gaseous passage between 

seed chamber and pod wall and stomata on the outer epidermis could participate in gaseous exchange between 

pod wall and the exterior environment as stomata on outer wall of pericarp should be functional (Ponomarenko 

and Pavlova, 2003). The pits on the seed surface may presumably facilitate gaseous exchange between 

developing seeds and the seed chamber. It is obvious that a great deal of research is needed to examine this 

hypothesis.  

 

A B 
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Fig. 9. SEM of seed surface of Bauhinia racemosa. A) Magnification 2,000 X; B) 5500 X; C) 10,000 X and 

D)  18,000 X. The pit size 2.74 x 3.40 μm. The droplet like structures is presumably the occluded material. 
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