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Abstract 

Present review is focussed on investigation of biochemical changes that occur during 

adventitious rooting in plants. Three different in vitro rooting phases namely induction, 

initiation and elongation are found to be marked with characteristic changes in carbohydrate, 

protein, peroxidase, ascorbate peroxidases, phenolic content of the plants. 

 

Introduction 

The Adventitious rooting involves the change in cell developmental process for the formation 

of root primordial that originates from morphogenetic pathway taking place in the shoot cells. 

This change leads to de novo rooting and a series of metabolic changes during different 

phases (induction, initiation and emergence) of root primordium formation (Batish et al., 

2008). The process of adventitious root formation comprise of redifferentiation in which pre-

determined cells changes from their morphogenic identity to act as mother cells for formation 

of root primordia (Aeschbachger et al., 1994). Rooting is amongst the three main routes of 

organ regeneration (other ones being somatic embryogenesis and shoot formation). During 

the rooting process, cells have ability to get back to meristematic stage after undergoing an 

apparent reversal of differentiation. Therefore adventitious rooting is used for vegetative 

propagation that are either selected from natural population or are found in breeding 

programmes. Efficient rooting treatment results in high quality root system and higher shoot 

to root ratio. Efficient root systems also recognized by the performance of plant after 

plantation in soil (De Klerk et al., 1997). 

 

Adventitious roots developed by certain plant stems are of great economic importance, for 

instance, redwood trees develop adventitious buds at their lower trunk and their small pieces 

are sold as redwood burls. On the other hand, adventitious root formation also has importance 

in some difficult to root plant species. As adventitious buds often originate when stem gets 

wounded and replaces the lost branches.  
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Many biochemical and physiological changes occur during different phases of            

adventitious rooting. The mechanism of lignification in the cell wall, catalyzed by specific 

peroxidases also occur during rooting (Sato et al., 1993). Further, knowledge of 

morphological and biochemical changes related to induction of roots and its formation may 

help in improving rooting procedures, which has possibility to reduce losses of production, 

specifically towards its final steps. Hence, it would be beneficial to identify or recognize 

reliable biochemical markers with respect to rooting, which can be commercially applicable 

for in vitro systems (Schwambach et al., 2008). Many internal and external factors influence 

adventitious root formation from the stem cuttings such as its genotype, types of cuttings, 

endogenous factors linked to cuttings, stock plants and time of collection. They act as signals 

which are capable of inducing a group of cells to redefine their fate (Li and Xue, 2010). 

 

In vitro studies on rooting are now widely carried out to understand the rooting mechanism 

and role of various biochemical factors such as antioxidant enzymes, plant growth hormones 

in rooting process of economically important plants (De Klerk et al., 1999). 

 

Biochemical assays on adventitious rooting 

Formation of adventitious roots is a multicellular process that reactivates the cell division in 

cells that are not directly involved in root meristemoids formation (Altamura, 1996).  In vivo 

studies have been carried out to differentiate the successive phases of adventitious root 

formation and its regulation (Freidman et al., 1985; Jarvis, 1986; Erikson, 1974). Phases of 

formation of adventitious rooting is based on histology (Sircar and Chatterjee, 1973; Jasik 

and Klerk, 1997) and on physiology (Gasper et al., 1994; Erikson, 1974; Friedman et al., 

1985; De klerk et al., 1999; Moncousin and Gasper, 1983; Kevers et al., 1997). The 

mechanism of rooting involves cytological processes for the estimation of physiological 

status of cells in the process of formation of root primordium (Molnar and Lacroix, 1972). 

For example, this method have already been used to study development of adventitious roots 

in apple microcuttings (Zhou et al., 1992; Hicks, 1987). 

 

Carbohydrates are the key components of the plant that supply energy to the plant (Kozai, 

1991). Once the adventitious rooting mechanism is initiated, it requires energy to sustain cell 

division at root generation site (Ahkami et al., 2009, Okoro and Grace, 1976; Veierskov, 

1988; Haissig, 1984). In tissue culture, sucrose is generally used as a carbohydrate source 
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because it is only translocatable sugars in angiosperms (Zimmermann and Zeigler, 1975; 

Smith et al., 1995). 

 

Sucrose is mostly used for in vitro evaluations due to high solubility in water. Sugar act as a 

signal molecules to influence metabolic activity, photosynthesis and respiration (Rolland et 

al., 2002). It represses the transcription of photosynthetic genes. It also interacts with 

ethylene signalling and abscisic acid (Leon and Sheen, 2003). Sucrose or its monosaccharides 

glucose and fructose are used for cell differentiation and cell growth in root formation. In 

general, frequency of regeneration increases with increase in sugar concentration until an 

optimum level is achieved and reduces at its higher concentration. High ratio of C/N of 

cutting enhance rooting but do not exactly predict the frequency of rooting response. Various 

carbon sources like glucose, sucrose, mannitol, fructose, maltose and sorbitol also influence 

rooting in microshoots (Correa et al., 2005). Thompson and Thorpe (1987) said that sucrose 

may not be necessarily an apt carbon source for plant regeneration and somatic 

embryogenesis induction, but it is an important molecule in rooting of cuttings.  

 

Since biochemical reactions continuously takes place in the living organism, they constantly 

produce reactive oxygen species (ROS) such as super oxide radicals, hydrogen peroxide and 

singlet oxygen (Inze, D and Van Montagu, 1995). The ROS produced gets utilized in 

metabolic processes like cell senescence, lignin formation and flowering (Mehlhorn, M.korth, 

1996) but their overproduction can harm cellular components like proteins, DNA and lipids 

(Pellinen, RI, Palva, 2002). The plants have their natural defense mechanism to control ROS, 

which can be enzymatic or non enzymatic. Enzymatic mechanism involves enzymes like 

ascorbate peroxidise (APx), peroxidase, catalase etc. Catalase in peroxisomes and APx in 

chloroplasts and cytosol are key enzymes for hydrogen peroxide scavenging (Willkens et al., 

1995; Davletova et al., 2005) 

 

Ascorbic acid is an important component of antioxidant system of plant known for reduction 

of hydrogen peroxide to water in presence of APx (a heme containing protein) which uses 

ascorbate as electron donor (Noctor and Foyer, 1998; Shigeoka et al., 2002). It helps in 

growth of plant and its development (Arrigoni, 1994; Navas et al., 1994; Arrigoni et al., 

1997; Potters et al., 2000). Ascorbic acid serves as a co-factor for enzymes that helps in the 

synthesis of ethylene, gibberellins and abscisic acid (John and Prescott, 1996; Arrigoni and 

De Tullio, 2000; Qin and Zeevaart, 1999). It plays role in plant cell elongation (Gonzales et 
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al., 1994; Kato and Esaka, 1999 ) and is required for cell cycle progression in meristems 

(Liso et al., 1984; De Tullio et al., 1999). Kerk and Feldman, 1995 reported that ascorbic acid 

facilitates quiescent cells for division, after 48 hours of incubation. It was also found that 

ascorbic acid is present in less amount in dormant regions of root meristems which results in 

their low proliferation rate whereas it is rich in distal and proximal regions of meristems, 

resulting in their active proliferation.  

 

Ascorbic acid is used as substrate by enzyme APx. Ascorbate peroxidase regulates 

meristematic activity (De Gara et al., 1996). This enzyme produces ascorbate free radical that 

facilitates cell cycle process and involved in dormancy regulation (De cabo et al., 1996; 

Hidalgo et al., 1989). High levels of ascorbic acid and APx activity are characteristic features 

of actively dividing cells whereas low APx activity has been observed during differentiation  

(De Gara et al., 1996; Pinto et al., 2000). APx also plays a role in cell division because of 

effects on hydrogen peroxide availability for other enzymes like peroxidases and also on 

ascorbate availability for prolyl-hydroxylase (De Tullio et al., 1999).  

 

Several other studies have shown that root formation is significantly affected by changes in 

phenolic compounds, protein and sugar content (Kaur et al., 2002; Sivaci and Yalcim, 2007; 

Satish et al., 2008; Kevresan et al., 2007). It has been suggested that IAA-oxidase and 

peroxidase combined activity (as stimulators or inhibitors) can control levels of phenols 

(Gasper et al., 1992; Pal, 1990; De Klerk et al., 1999). Further it has been found that phenols 

would not directly help in rooting but is involved due to changes in IAA-oxidase activity 

(Gasper et al., 1992). Also, there is an inverse relation between peroxidases and phenolic 

compounds during process of rooting (Gasper et al., 1992; Moncousin, 1986). Phenolic 

compounds also serve as the substrates for peroxidases enzymes. Peroxidase facilitated 

oxidation of auxins is prevented by phenolic compounds (Racchi et al., 2001). Moreover, 

stimulatory or inhibitory effect of exogenous phenols depends on its application during 

different stages of rooting and also on the phase through which the explant or microshoot is 

undergoing (Berthon et al., 1990, 1993).  

 

Many researchers have noticed that peroxidase activity and IAA content or elongation growth 

are inversely related where the peroxidase activity effects IAA metabolism (Chanda and 

Singh, 1997; Jupe and scott, 1989; Mato and Vieitez, 1986). Peroxidases are known to be 

involved in rooting where it occurs when the microshoots have reached a particular peak of 
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activity (Gasper et al., 1992). They serve as the marker for initial two phases of rooting in 

plants (Rout et al., 1999; Syros et al., 2004; Kaveresen et al., 2007). Primary cell wall gets 

stiffened due to peroxidases (Fry, 1986). Cell wall lignifications, may occur during rooting, 

that is catalyzed by specific peroxidase (Sato et al., 1993). They also synthesize suberin 

(Chao et al., 2001). 

 

Conclusion 

Carbohydrates, mainly sucrose is the primary energy source for the plants and the 

requirement increases as the rooting stages proceeds. Reactive oxygen species has been 

observed to have negative impact in the growth of roots. Ascorbic acid has a role in 

promoting and enhancing meristems. It acts a co-factor for various enzymes and also 

scavenges hydrogen peroxide in plants which otherwise can lead to loss of roots. Also, there 

is a direct relation of phenolic compounds with IAA Oxidase whereas it has an inverse 

relationship with peroxidises. 
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