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ABSTRACT 

This study investigated the progressive histological changes of adventitious root formation (ARF) occurring during 
different phases of ARF at the base of mung bean (Vigna radiata L. cv. 105) hypocotyls explants. Three phases of 
adventitious root formation process were identified; induction period (0-24 h), initiation (24-72 h) and expression (after 
72 h). The lower peroxidase activity during the induction (0-24 h) corresponded with the first peak of the IAA at 24 h 
which indicated termination of the induction phase. A peak of peroxidase activity with low IAA levels at 72 h signaled the 
termination of initiation phase. After 72 h, peroxidase activity declined and IAA levels increased slowly and this was 
characterized as the expression phase. The anatomical changes were observed from 0-120 h at the intervals of 24h which 
could be distinguished from one another under the light microscope. During 0-24 h (induction phase), there were some 
discernible changes in the size of vacuoles only. During 24-48 h (early initiation phase) from the time of excision, there 
appeared denser nuclei and nucleoli in certain cells of cambial zone detectable under the light microscope. The 
Meristemization   and commencement of cell division occurs immediately following this phase during 48-72 h (late 
initiation phase). From 72 h onwards, i.e., in the expression phase, the rupture of endodermis and the penetration of the 
root initials into the cortex took place. The formation of root primordia requires relatively a prolonged duration of time 
(96 h- onwards) and these primordia grow in dimension and became ready to emerge out during this time. The vascular 
connections, which were densely stained between root and shoot, were completed within 120h. 
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INTRODUCTION 
 Meristemization   is the fundamental basis of ARF at the base of stem cuttings [1, 2]. But the exact nature 
and interrelationship of subcellular activities of different substances and factors governing ARF is still not 
clearly understood.  Although, numerous studies have been carried out on such governing factors [3-6]. 
Beakbane [7], Edwards and Thomas [8] suggested that the presence of sclerenchyma layer might act as a 
physiological barrier to adventitious root initiation. In some instances, a developing primordium was 
found to bend at right angles before emerging through gaps in the sclerenchyma sheath. Similar 
observations were made in Chrysanthemum sp. [9] and Coffea robusta L. [10], where root primordia grew 
down inside the fiber sheath and emerged through the base of the cutting. 
Amissah et al. [11] observed that in Quercus bicolor cuttings had a significantly higher percentage gap in 
sclerenchymatous sheath compared with cutting of Q. macrocarpa , where the percentage gap was 
significantly low and coincided with the low percentage rooting. Doud and Carlson [12] also observed a 
negative correlation between the percentage of sclerification and rooting in Malus sp. root stocks. 
In contrast, Davies et al. [13] were unable to find a relationship between the presence of a sclerenchyma 
sheath and root formation in mature and juvenile leaf bud cuttings of Ficus pumila L. They concluded that 
the differences in rooting capabilities were more related to the case of root initiation rather than 
restrictions by the sclerenchyma tissue. 
Girouard, [14] found that the anatomical process of root initiation is quite different in juvenile and mature 
cuttings. He observed that ray parenchyma was involved in formation of root initial cells. Esau (1960), 
[15] found that root tissues begin to differentiate as the root primordia gradually penetrate the cortex. 
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One objective of this study was to investigate the histological changes in the internal tissue organization 
during the progress of ARF in mung bean hypocolyl explants at interval of 24 h. 
 
MATERIALS AND METHODS 
Preparation of plant samples 
Mung bean (Vigna radiata L. cv. 105) seedlings were grown in sand in a controlled growth room with 16 h 
photoperiod at 222 µmole m-2 s-1 intensity (400-700 nm) for 7 days. The hypocotyls of 7day old seedlings 
were excised 3 cm below the colyledonary node, the cotyledons were removed, and the resulting cuttings 
consisting of hypocolyl and the intact epicolyl, with a pair of primary leaves were used in rooting 
experiments reported here. Freshly prepared hypocotyl cuttings were put into 50 ml glass beakers 
containing 30 ml distilled water that covered the entire hypocotyl. 
Seven day old seedlings were excised 3 cm below the colyledonary node, and the explants were allowed 
to form adventitious roots under growth chamber (26±10C  temperature, 16 h photoperiod and 80% RH) 
for one to five days. The explants were allowed to form adventitious roots. The endogenous levels of free 
indole-3-acetic acid (IAA), peroxidase activity were analyzed from the hypocotyl region of cuttings from 
0-5 day after excision at intervals of 24h. 
During the experiments, basal 1cm isolated region of hypocotyl explants were fixed in 1:3 aceto-alcohol 
for 0 to 5 day after excision of seedlings. Serial transverse sections were prepared and stained with 1% 
saffranin in 50% ethanol. Progressive histological changes in these serial sections during 
remeristamization of the internal tissue regions were examined under light microscope at intervals of 24 
h for the period of 5 d. 
Fluorimetric Determination of free IAA content in Mung bean Cuttings:  
A  more  specific  fluorimetric  assay  method  based  on  the reaction  of  IAA  with  acetic  anhydride  in  
the  presence  of perchloric acid as a catalyst, to form the fluorescent tricyclic derivative 2-methyl indole-
α-pyrone, [16] was standardized. The assay conditions were standardized using the hypocotyl of  Vigna  
radiata  L.  cv.  105.  For  IAA  extraction  1  gm  of hypocotyl tissue was collected randomly from 12 
hypocotyls from 0-5 day after excision of  seedlings and was extracted following  the  method  of  Knegt  
and  Bruinsma, [17] and slightly modified  by  Nag  et  al., [18]. 
Extraction and Assay of Peroxidase (POX): 
Peroxidase activity was measured according to the method of Kar and Mishra, [19] using pyrogallol as the 
substrate. The activity  of  the  enzyme  (Enzyme  Unit  i.e.  E.U.)  was calculated as ΔA×TV/t×v, where ΔA 
is the absorbance of sample  after  incubation  minus  absorption  at  zero  time control.  TV  is  the  total  
volume  of  the  filtrate,  t  is  the  time (min)  of  incubation  with  substrate,  and  v  is  the  volume  of 
filtrate actually taken for incubation [20]. The enzyme activity was expressed in terms of E.U. mg-1protein 
min-1. 
One of the objectives of the present study is to follow the progressive histochemical changes of ARF 
occurring during the different phases (induction, initiation and expression) of ARF at the base of mung 
bean hypocolyl explants. 
 
RESULT AND DISCUSSION  
The  present  study  shows  that the  endogenous  content  of  free  IAA  in  control  cuttings  of mung  bean  
hypocotyls  increased  during  the  first  24  h  and then decreased up to 48 h during adventitious root 
formation (Figure No. 1). After that, free IAA levels increased slowly up to 96 h and decreased thereafter.  
On  the  other  hand, peroxidase showed lower activity during 0-48 h but a peak of peroxidase activity 
occurred at 72 h which corresponded to  a  decreased  level  of  free  IAA.  After 72 h, peroxidase activity 
declined in control cuttings. 
Increasing endogenous free IAA levels always occur in the inductive phase of rooting (0-24 h) with first 
peak of free IAA terminating the inductive phase and signaling the beginning of the initiation phase. A 
gradual  increase (from 72  h)  in  free  IAA  content,  reaching  a  peak  at  96  h  and declining thereafter, 
designates the expression phase. 
The  present  study further corroborates the different rooting phases described by  Gaspar  and  his  
coworkers, [21,22] and  Nag  and  her coworkers  [18]  based  on  endogenous  IAA  levels  and  POX 
activities. 
The anatomical changes were observed from 0-120 h at intervals of 24 h which could be distinguished 
from one another under the light microscope. At 0h, (Plate-1), the cuttings exhibit the normal 
organization of the epidermis, cortex, endodermis and collateral vascular bundles.  Vascular bundles were 
remaining around the pith. There was a cambial zone of 2-3 layers with flattened and vacuolated cells in 
between xylem and phloem.  At 24 h, cytoplasm, nuclei and nucleoli become denser in the region in 
between vascular bundles, i.e., in certain cells of cambial zone (Plate-2). At 48h, an initiation of root 
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initials in between vascular bundles took place (Plate-3). Mitosis with periclinal divisions could be 
observed in cambial cells and their derivatives at this time. The progressively dedifferentiating cells thus 
exhibited prominent nuclei, strongly stained cytoplasm and reduced vacuoles. Observations made by 72 h 
could be seen in Plate-4 which revealed that the number of dedifferentiating cells, due to the high mitotic 
activity, considerably increased. Numerous periclinal divisions were observed at this stage along with 
some oblique and anticlinal divisions of cells located not only in the cambial zone, but also in the 
outermost layers of phloematic region. Plate-4 also shows that this meristamatic clusters appeared as 
dome shaped root primordial cells that pushed through the endodermal ring to reach the cortex. At 96 h 
(Plate-5) this cluster of primordial cells with an apex further extended up to the cortex with 
differentiation into procambium and ground meristem. Plate-6 shows that at 120 h the apical meristem 
formed a root cap consisting of 2-3 layers of cells that were less dense than the cells located centrally. The 
differentiation of tracheary elements that were oriented perpendicular to the vascular system of the stem 
was observed at this stage followed by the emergence of the first adventitious roots at the surface of 
cutting at 120 h (Plate-6). 
The above phases were further characterized by histological changes occurring during the progress of 
rooting. The study of histological changes during different phases of ARF in mung bean explants clearly 
established the occurrence of distinct histologically differentiable stages with the progress of 
development of root of primordia (0-120 h) at the base of cuttings (Plate 1-6). Thus, during 0-24 h 
(induction phase), there were some discernible changes in the size of vacuoles only. During 24-48 h (early 
initiation phase) from the time of excision, there appeared denser nuclei and nucleoli in certain cells of 
cambial zone detectable under light microscope. This type of changes was also found by other workers 
during such preparatory phase prior to meristamatic division, [23-26]. The meristematization and 
commencement of cell division occurs immediately following the phase during 48-72 h (late initiation 
phase). This stage coincided with the ‘just disorganization stage’ termed by Sircar, [23]. From 72 h 
onwards, i.e., in the expression phase, the rupture of the endodermis and the penetration of the root 
initials into the cortex took place, which appeared to be the identical with the ‘endodermis rupture stage’ 
of Carlson, [27]. The formation root primordia requires relatively a prolonged duration of time (96 h 
onwards) and these primordia grow in dimension and become ready to emerge out during this time. The 
vascular connections, which were densely stained between root and shoot, were completed within 120 h. 
This feature is also supported by the observations of others during root emergence, [24, 28]. The concept 
of relating anatomical changes with different biochemically determined phases during ARF has not been 
much discussed in the literature. Sircar, [23] divided the process of development of adventitious roots in 
stem cuttings into five stages. Mullins, [29] has described the entire rooting process to be covered by the 
phenomenon of induction, initiation and emergence process. On the other hand, Jasik and De Klerk, [24] 
have clearly revealed that the rooting process is characterized by three phases, such as dedifferentiation 
phase (0-24h), induction phase (24-96h) and out growth phase (96-onwards). However, the present 
study with mung bean explants based on the changes in biochemical markers and histological changes, 
clearly established three different phases of adventitious root formation, which are in full agreement with 
the observations of Gaspar group, [21, 22] working with grapevine explants in cultures.  

 
Figure No. 1: Phases and durations of adventitious root formation based on endogenous IAA levels and 

peroxidase in mung bean cuttings. 
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