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ABSTRACT  
 

The banana plant differs considerably from the majority of horticultural plants, it is considered 
as an herb. In less than one year upon fruiting terminate the plant‘s life. Main attention was given to 
the morphological growth habits of plant roots, but their physiological processes were rarely studied. 
Physiological aspects of banana roots are under the scope of this review. Positive correlation was 
found between cation exchange capacity CEC of plant roots, and their nutrient element content. Plants 
vary in the effect of age on the roots CEC. The difference of CEC of various portions of roots must be 
taken in to account when the observed CEC values are to be compared.  The overall means of cation 
exchange capacity CEC for banana root segments; the apical youngest white root segments, the 
intermediate root segments and the oldest basal brownish root segments were discussed. In large 
monocotyledons root pressure may make a major contribution to the supply of water to the aerial part. 
The overall means of the three types of banana root segments osmotic pressure (O.P) made quite 
equal contribution in the supply of water to the aerial parts. The current review can assist the 
agriculturalist to perform efficient field management including placement of fertilizers in and between 
rows, irrigation techniques and fixing the plant density in the field. 

 

Key words: Banana, Cavendish subgroup, Root morphology, Root segments cation Exchange 
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Introduction 

 
It is still relatively less known about roots than about above ground parts of the plant, as often 

stated in summarizing research reviews (Waisel et al., 1996 after Bohm, 1979). Although  knowledge 
of root system greatly assist the agriculturalist to perform efficient field practices, as the explanation 
of many responses to the above ground parts of the plant to environmental factors can be adequately 
explained  only if the performance of their roots is also considered (Russell ,1982).  Studies on below- 
ground ecosystem processes are relatively rare compared to those dealing with above-ground trails of 
plants ; roots and the rhizosphere being “hidden“ in the soil , their observation and study relies on 
deploying special methodologies that are greatly time-consuming and often  costly (Maeght, 2013 
after Smith,2000). Even though methodologies to study belowground processes have significantly 
improved, and the number of studies addressing roots has increased in recent decades (Maeght, 2013). 
Fortunately, many advances have been made in recent years for the study of root measurements; 
including techniques that can be easier, faster, reproducible, and more descriptive of root growth, such 
as plant image analysis software (Judd et al., 2015).  

Main attention was given to the morphological growth habits of plant roots, but their 
physiological processes were rarely studied (Elezaby, 1989 referring to Altman et al., 1966). Our 
understanding of many of the linkages between root form and function is still in its infancy (Judd et 
al., 2015 after Iverson, 2014). In the second part of this review we highlight the physiological aspects 
of banana roots, in particular banana root segments cation exchange capacity (CEC) and banana root 
segments osmotic pressure (O.P.), which will be under the scope of this review.  
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Morphological aspects of banana plant 
 

The banana plant differs considerably from the majority of horticultural plants. The structure of 
banana is a tree-like herb, it is botanically considered as an herb without woody tissue, it is 
propagated from a fleshy rhizome, that produce a cluster of gigantic normal leaves of which about 
thirty are formed, consist of a sheath, a petiole and a blade, the sheathe are nearly circular and tightly 
packed in to non – woody pesudostem, they are much larger than the blades. In less than one year a 
central pesudostem inflorescence forms at the top and, upon fruiting, terminates the plant’s life, yet 
the plant is perennial as the corm’s life is perpetuated by suckers; a whole plant may thus developed 
(Robinson, 1996). Even though the pesudostem is very fleshy and consists mostly of water, it is quite 
sturdy and can support a bunch that weight 50 KG or more. The parent plant and the suckers from 
what is commonly called a mat, or stool, the botanical term is genet ( Promusa. org, 2017).  
The morphological features of banana roots were described earlier by Fawcet, (1913); Aquaron, 
(1930); Summerville, (1939); Stover and Simmonds, (1987) and Price, (1995).  In this concern a 
comprehensive review on banana written by Robinson, (1996) in his book “ banana  and plantain  “  
acknowledged that, the main roots originate in a pericycle region deep in a short thick rhizome and 
grow out through the cortex and the leaf basis,  they are relatively strait and cylindrical, of uniform 
diameter over their whole length, limber and rope like, yellowish white in all young portions,  and 
later in life become somewhat corky, and earthy brown in the older, there  are no woody components, 
there is no main tap root . 

 Robinson, (1996) added that, the primary roots originate usually in groups of three or four from 
the surface of the central cylinder within the rhizome, they are about 5 – 8 mm in thickness. The 
functional life of Cavendish subgroup primary roots are from four to six months,  a healthy rhizome 
may produce from 200 to 500 primary roots, and this may increase to 1000 if those roots originate 
from the sucker rhizome are also concluded . From each primary root a system of secondary roots and 
tertiary roots develops, their functional life is about eight and five weeks respectively. For some 
distance behind the root tip of extending primary and lateral roots, the root hairs are produced those 
remain functional for about three weeks before rotting away.  In this concern Price, (1995) referring to 
Wardlaw, (1961) stated that, the root system of banana and plantain is one of widely spreading, 
abundantly branching shallow roots,  giving rise to a dense mat typical of monocotyledons .  

  

 
Fig. 1: The banana main roots are shown arising directly from the corm in groups of three or four 

(Belatus, 1991). 
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Fig. 2: In the left side the roots are shown imbedded in the soil, new white roots are distributed in all 
directions vertical, oblique, and horizontal and are of uniform diameter along their length. In 
the right side, the soil was excavated out (Belatus, 1991). 

 

 Roots cation exchange capacity (CEC)  
 

Cation exchange capacity (CEC) has long been observed as an important property of plant roots 
( Drake, 1951; Elgabaly, 1949; Gray, 1953 ). The initial step of nutrient uptake by plant roots is the 
physico –chemical process of the exchange and adsorption of nutrients to the root surface (Mitsui and 
Ueda, 1962). Root CEC determines differential electrical of monovalent and polyvalent cations to the 
negatively charged root surfaces (Woodward, 1984). Positive correlations between cations such as Ca 
and K in plant tissues and CEC of plant roots are well known (Woodward, 1984 and White, 2003).  In 
this concern Rajan and Anandhan, (2016) revealed that, uptake of nutrients by plant shoot and grain is 
dependent on root cation exchange capacity.    

As the plant grows older the young white roots age, the cells of the endodermis and the primary 
cortex become gradually supersized, and the color of the roots changes to creamy and finally reddish- 
brown (Chamuah, 1986 after Barua and Dutta, 1961). Plants vary in the effect of age on the roots 
CEC, most of authors reported decrease in the CEC value of plant roots with increase in age, on the 
other hand some workers reported, either an increase or sometimes small and inconstant change in 
CEC values for young and old plants. Belatus, (1991) after Ford et al., (1963); Kaufman et al., (1972) 
reviewed that, It may be wrong to identify root diameter with any particular kind of root function, as 
many roots of small category which often termed fiber, fibrous or feeder roots can be lignified or 
supersized and therefore, they cannot be considered as absorbing parts. However, Judd et al., (2015) 
with reference to Whitaker, (1923) said that, as the root hairs die off, new ones are formed closer to 
the root tip; a process termed the migration of root hair zones.  

  
 Banana root segments CEC  
  

Mitsui and Ueda, (1962) believed that the differences of CEC values of various portions of 
roots must be taken in to account when the observed CEC values are to be compared. In this concern 
Belatus, (1998) working on the root dynamics of some banana Cavendish subgroup cultivars, found 
that the average of banana roots CEC as overall means were 23.71, 15.61, 10.95 me \100g dry weight 
respectively for the three different types of roots; yellowish white apical root segments, creamy 
intermediate root segments and brownish old basal root segments. It could be noticed that the three 
types of the root segments contribute in exchanging cations.   

What is more, the overall means of CEC for the oldest basal brownish segments of roots was 
0.462 of the value associated with the apical youngest white root segments, as the range between the 
overall means of the two types was 10.95 to 23.71 me /100g dry weight which is considered relatively 
a low range. 
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 Comparing with the study of CEC in tea plants by Chamuah and Dey, (1982) as he concluded 
that, the overall means of CEC for the oldest basal brownish segments of tea plant roots was 0.173 of 
the value associated with the apical youngest white root segments. This is because the  range between 
the overall means of the two types of root segments CEC oldest basal brownish and the youngest 
apical white was 8.33 to 48.2 me/100g dry weight which is considered relatively a wide range, as the 
oldest brownish root segments contribute in exchanging cations in relatively low value.  
 
Table 1: Over all means of CEC (me/100g. dry weight) of the white new root segments, the brownish basal old 

root segments, and the ratio between them, for banana and tea. 

Plant/CEC 
White new root     
segments CEC 

Brownish old root      
segments  CEC 

Brownish/white 

Banana 23.71 10.95 0.461 
Tea 48.2 8.33 0.173 

 
In the light of the these findings it appears that, in banana plant the three segments of the root 

system; new white, intermediate and distal old brownish contribute in exchanging cations.  Smith and 
Wallace, (1956) are of the opinion that, the roots of herbaceous plants were markedly different from 
the roots of any of the tree species examined in that they were fleshy with very little dry matter when 
exposed on weight basis. Additionally, Kramer, (1959 ) believed that, absorption of water and salts is 
not limited to the young parts for roots with secondary growth and peridermis have been shown to be 
capable of absorbing considerable amount of water. But Steward and Sutceliffe, (1959) believed that 
the main centers of absorption and accumulation are the young roots. 

 
Roots osmotic pressure (O.P.) 
 

 Root pressure force attracted attention of observers from early time. The terms of osmotic 
pressure, osmotic values or osmotic concentration are more applicable when speaking of the water 
uptake or translocation in plants, and supply of water to the aerial parts of the plant. Mohsen, (1975) 
after Stocking, (1959) defined root pressure “as a pressure developing in the tracery elements at the 
xylem, as a result of the metabolic activities of roots. Mohsen, (1975) after O’Leary, (1965) 
mentioned that the volume of the exuding sap was greatest in species with well-developed root 
system.  

 
Banana root segments osmotic pressure  
 

 Nutrients redistributed in banana plant have to travel a long way, the distance from the efflux 
site in the old leaves to the influx site in the young leaves ranges from 4 to 14 m depending on the 
cultivar. The corm is considered to function as circulation pump, its phloem vessels forming the 
connection between leaves (Lahav, 1995 on banana). Furthermore, Stover and Simmonds, (1987) 
after Davis, (1961) in India cleared that, certain palms and bananas had high pumping root pressure, 
in other words pressure of a kind that would force water up to the aerial parts of the plants. The 
pressure in banana was 670 cm water roughly equivalent to the average figure for palms. In 
comparison six dicotyledonous plants showed lower pumping pressure than palms and bananas, 
suction pressures in all the plants studied were low and in the range 20 to 62 cm water. It looks 
therefore, as though in the large monocotyledon root pressure may make a major contribution to the 
supply of water to aerial part.  

According to Belatus, (1998) the overall means of the three types of banana roots osmotic 
pressure; white new, creamy intermediate and brownish old distal were 13.10, 12.73, 13.30 mmoh/cm 
respectively. It could be observed that, the three types of root segments O.P. had a slight narrow range 
between them. Adding up, the overall means of O.P. for brownish roots to the white roots was 1.015, 
thus indicates that the three types of root segments O.P. mentioned made quite equal contribution in 
the supply of water to the areal parts of the banana plant. In the same line Kramer, (1959) cleared that, 
absorption of water and salts is not limited to young parts for roots with secondary growth and 
peridermis have been shown to be capable of absorbing considerable amount of water. 
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The banana plant, as described by Robinson,(1996) and several authors differs considerably from the 
majority of horticultural plants, it is botanically considered as an herb without woody tissue, have a 
short life cycle in less than one year upon fruiting terminates the plant’s life and it is propagated from 
a fleshy rhizome. Adding to this, the banana roots are fleshy, limber, rope like, cylindrical, relatively 
straight, and of uniform diameter over their whole length.      

In the light of the present study it appears quite logical that the whole banana root system with 
its three segments; the white apical root segments, the intermediate creamy root segments and the 
distal oldest brownish root segments contribute in exchanging cations.  in addition, the three types of 
root segments osmotic pressure made quite equal role in the supply of water to the aerial parts of the 
plant.  Furthermore, the effectiveness of banana plants uptake potential depends on the number of 
primary roots, its system of secondary and tertiary roots development and the vigor of the root 
extension through the soil.  Price,  (1995) referring to Wardlow, (1961)  added that, the root system of 
banana and plantain is one of widely spreading and abundantly branching shallow roots  giving rise to 
a dense mat typical of monocotyledons . 

 

 

 

Fig. 3 and 4: After soil excavation, banana main roots are shown growing directly from the corm, 
having abundance of hairy roots along their length. The main root tips are soft and easily broken. 
Behind this dead region, branch roots smaller in diameter are found in a cluster and assuming its 
general direction (Belatus, 1991 .)  
This was in agreement with what was described earlier by Fawcett, 1913; and Acqaron, 1930. 
 

It can be summarized that, the current review may possibly be taken in to consideration for 
future studies, which may be helpful in coming up with specific recommendation to assist the 
agriculturalist in order to regulate various cultural operations including; placement of fertilizers in and 
between the rows, irrigation techniques as well as fixing the plant density in the field.    

Note: Robinson, (1996) cleared that,   the term “primary root” usually refers to the tape root 
which is derived from the radical of an embryo.  In banana, roots arising from the rhizome are 
adventitious. Therefore, in this description, the term “primary roots “actually refers to first –order 
adventitious roots and “secondary roots”   to second – order adventitious roots.   
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