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ABSTRACT 
The initiation and subsequent emergence of lateral roots as secondary roots have been 

examined in attached and excised roots of Phaseolus vulgaris grown in the absence or presence of 
indol-3-yl acetic acid (IAA). Treatments with high concentrations of IAA affected the point at 
which lateral emergence took place along the primary root. In addition, IAA treatments promoted 
lateral root emergence from cultured roots of P. vulgaris, which were 1-cm long at the time of 
excision ; such roots never formed in similar primaries grown in the absence of IAA. No 
correlation was found between proliferative activity in the meristem at the apex of primary or the 
rate of root elongation on the one hand and either the number of primordia initiated, or the 
number of laterals produced, per centimetre of primary, on the other hand. 

Introduction 

The development of all roots is similar in that they appear to undergo identical 
changes from their initiation until maturation [ 1]. Primary and lateral root apical 
meristems, both originate from the division of a relatively small number of cells, increase 
in size and ceJl number over on interval of several days and complete their development 
which involve ceJl proliferation and elongation following the growth of lateral through 
the tissues of primary root [2]. In both gynmosperms and angiosperms, branch roots are 
commonly initiated in the pericycle of the parent root [3, 4]. In lower vascular plants, 
and in some higher ones, the endodermis of the parent root also takes part in the 
formation of the primordium of lateral. 

The pericyclic origin of most laterals places them in close juxtaposition with the 
conducting tissues of the parent root [3, 5, 6, 7, 8]. In diarch roots primordia usuaJly 
occur between the xylem and phloem, intriarch and tetrarch roots in positions opposite to 
the protoxylem, and in many polyarch roots opposite to the protophloem [4, 9]. 

Cell division is then initiated in a group of pericyclic, and sometimes other ceJls 
of the parent root. These cells undergo periclinal and anticlinal divisions [3, 4, 5, 6], as a 
result, developing primordia increase in size and cell number. These increases are 
accompanied by changes in the organization of the meristem itself and in the kinetics of 
cell proliferation of the dividing cells [I, 2]. 

During the initiation of lateral root primordia in P. vulgaris, several changes take 
place in the cytoplasm and waJls of a few pericycle ceJls as well as in those parenchyma 
cells lying close to the xylem poles. Such changes include an increase in the basophilic 
nature of the cytoplasm and increase in cytoplasmic and nuclear volume [1 0, 11]. 

In addition to sucrose, other factors including auxins, such as IAA , involve in the 
initiation and development of primordia. The transport of this hormone in roots is mainly 
acropetal, that is toward the tip of the root, and it is probable that its supply to the root 
apex is primarily from the shoot [12]. 

Exposure of excised roots of P. vulgaris to IAA for example indirectly facilitates 
lateral emergence by partiaJly inhibiting meristematic activity in the root apex [13] . 

The effects of IAA on the various stages of lateral root development in 
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P. vulgaris are also examined because considerable amount of information is available 
concerning the effect of IAA on lateral root initiation and emergence in dicotyledons [ 14, 
15]. The results of these investigations were then correlated with the changes took place 
in the proliferative activity in the primary root apical meristem following excision. IAA 
being used as a tool to suppress such activity for extended periods of time. 

Materials And Methods 

Seeds of Phaseolus vulgaris L. Local variety were surface sterilized for 5 min in 
a 6 percent aqueous solution of sodium hypochlorite, washed several times in sterile 
distilled water and then scattered over surface of moist vermiculate or filter papers that 
had been autoclaved for 15 min at 103 KNm-2 and temperature of (121 ° C), and 
germinated in dark at 20° C. 

Seedlings, which were kept as intact plants, were removed from the vermiculate 
in which they had been germinated 6d after the start of imbibition, washed and grown in 
aerated distilled water or 10-5 M solution of IAA ; each solution was changed at 48h 
intervals. Ten 1 em root apical segment were excised into 150ml flask containing 50ml 
of White's (1943) [16] medium supplemented with 2% sucrose or 2% sucrose and 10-5 M 
IAA. After 72h following the onset of soaking, the pH of the medium was adjusted to 4.7 
before autoclaving. 

IAA being sterilized by Millipore filtration before being added to the autoclaved 
culture medium. The flasks were placed on an orbital shaker (60 cycles min1

) and the 
roots allowed to grow on. Twenty roots from each treatment were fixed at 24h intervals 
over the initial 6d culture period, the fixative being 3:1(VN) absolute ethanol: glacial 
acetic acid. Each batch of roots was later hydrolysed in 1M HCI at 60° C for 6 min and 
then stained with feulgen. Measurements were made of the length of each primary root 
along with counts of the total numbers of emerged laterals and primordia [ 17]. Primordia 
were identified as densely staining clusters of cells under dissecting microscope at a 
magnification of X40. 

Two additional experiments were carried out to investigate the changes took 
place in proliferative activity in the meristem at the apex of both excised and attached 
roots. Mitotic with time following the start of exposure to lAA 10-5 M). Fixations were 
made at 24h intervals up to 144h after experiment began. 

Squash preparation were then made of the feulgen-stained apical millimetre of each of 
these roots. Mitotic index (MI), and the percentage frequency of cells in mitosis were 
determined by scoring 1000 cells from each of three slides for each fixation. 

In the second experiment, cell doubling time (T d) was calculated from the rate of 
accumulation of cell in metaphase in the root apical millimetre at intervals following the 
start of treatment with IAA. Control and IAA-treated attached roots were exposed to 
0.025% solution of colchicine 72-75h after the commencement of auxin treatment. 
Exposure of the excised root to colchicine was effected by injecting 1ml of a 1.25% 
solution of colchicine into 49ml of the control and IAA containing culture media, to give 
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a final concentration of 0.025%, 8-llh or 72-75h following the start of culture. Control 
and IAA-treated roots were fixed at 30 min intervals over each 3h period of exposure to 
colchicine. The number of cells in interphase and in the various stages of mitosis was 
later determined by scoring 1000 cells from squash preparation of the apical millimetre of 
each of three feulgen-stained roots at each fixation time for each batch of primaries. 

These conditions applied between 2 and 3h following the start of exposure to 
colchicine in each batch of roots could be determined as: 

Td = 1n
2 

[18] 
c 

Statistical Tests 
Comparison of mitotic index or numbers of primordia or lateral roots were made 

using t-test, while the statistical significance of each linear regression equation was 
determined using correlation coefficient and the appropriate statistical tables. The 5 per 
cent level was held to be significant. 

Results And Discussion 

The total number of primordia and lateral roots produced per centimetre of 
primary was always greater in the IAA-treated roots than in the corresponding controls 
(Figures 1B, 2B). IAA treatment stimulated primordium inception in roots of P. vulgaris. 
This results is in agreement with reports in the literature concerning the effects of IAA on 
the initiation of primordia in both attached and excised roots of dicotyledons [19, 20, 21]. 

The total number of primordia and laterals produced per centimetre of primary 
increased over the initial 2-3d of culture (Figures 1B, 2B). It is evident that the amount 
of 1AA synthesized by the excised controls was sufficient for anlage inception to take 
place at a rate comparable to that found in the corresponding attached roots (Figures lB, 
2B)> In the 1AA-treated attached root, for example, this number significantly increased 
between day 1 and 3 after treatment (p < 0.001) and then stayed constant (p>0.05; Figure 
1B). Similar increases were found 1-2d and 1-3d after culture began in the control and 
IAA-treated excised roots respectively (p<0.001). Following this, the total number of 
primordia and laterals produced per centimetre of primary remained fairly constant 
(p>0.05; Figure. 2B). These increases may reflect one aspect of the recovery of root 
growth, following the shock of excision in case of cultured roots [1, 22], and also 
following transfer from growth in vermiculate to growth in liquid medium incase of 
attach roots; being markedly affected by the conditions under which they are grown [23]. 

Root excision resulted in a marked reduction in the rate of excision growth 
(Figures 1A, 2A). Thus elongation took place at a significantly slower rate in both the 
control) (0.66 em/d) and IAA-treated (0.12 em/d) excised root than in the corresponding 
attached primaries (1.46 and 0.60 em/d). However, the total number of primordial and 
lateral roots produced per centimetre of primary was similar (p > 0.05) in the excised 
controls and attached roots, at each time of fixation. A result similar to that found for 
IAA-treatment in excised and attach roots of Pisum sativum [17]. Short treatments of 
Vicia faba roots with IAA also led to extensive primordium formation through the 
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primaries [24].The pattern of increase in lateral number per centimetre of primary was 
examined in the attached roots in more detail by studying the changes took place at 
successive fixation times (Figure. 1B). This number of laterals increased significantly 2-
3d and 2-4d following the start of treatment in the control and IAA-treated attached roots 
respectively (p<0.001), but not between any of the subsequent fixation time (p>0.05; Fig. 
lB). 

In IAA-treated excised roots MI decreased to level significantly lower than that 
obtained at the time of excision by 4h and it stayed low for the following 92h (p < 0.001-
0.05; Table 1). By 120-144h, MI in these roots returned to values statistically similar to 
those of the excised controls (Table 1: p > 0.05). MI reflects the rate of cell formation in 
the apical meristem [25]. Similar results were found when IAA-induced stimulation of 
primordium and lateral initiation in excised and attached roots of Pisum sativum and Zea 
mays [17]. 

Table (1): Mitotic index in the apical millimetre of attached and excised roots in 
the presence and absence of 10"5 M IAA. 

0 5.50±0.20 5.10 ± 0.30 

4 5.30± 0.60 4.50± 0.40 3.01 ± 0.50 1.09 ± 0.60 

8 6.59 ± 1.10 2.42 ± 0.75 2.25 ±0.10 0.65 ± 0.10 

12 5.88 ± 1.20 2.88 ±0.73 4.90±0.61 1.90 ± 0.50 

24 6.10±0.50 2.83 ± 0.12 4.89 ±0.85 2.30± 0.30 

48 5.90±0.80 4.10 ±0.21 5.85 ±0.80 1.80 ± 0.08 

72 5.80±0.90 5.20±0.70 5.08 ± 0.61 2.80±0.10 

96 5.88 ± 1.01 4.70± 0.62 7.20±0.65 2.09±0.90 

120 6.20 ± 0.19 5.83 ±0.65 4.80 ±0.59 3.10±0.95 

144 5.70±0.30 4.85 ± 0.11 6.60±0.90 5.30±0.60 

Values are means ± SE 
*Cultured in white's (1943) medium supplemented with 2% sucrose. 

Some 8-llh following excision, Tct in the apical meristem ofthe cultured control 
roots ( 42.0h) was much longer than the value obtained for the untreated attached ones 
(17 .2h). However, by 72-75h there was little difference in Td between the attached 
(17 .2h) and excised (23.0h) control roots Td in the IAA-treated attached roots (21.5h) 
was similar to the value obtained for the corresponding controls (17 .2h), 72-75h after 
treatment began. Exposure of the excised roots to IAA, however, resulted in longer 
values for Td between 8 and 11h (80.2h) and between 72 and 75h (99.0h) following the 
onset of treatment compared with the values obtained for the excised controls ( 42.0h) and 
23.0h respectively). 
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It has been concluded that one or more inhibitors to lateral root emergence 
originate in the root apex and the results of the experiments reported in the present work 
suggest that such inhibitors are produced by the actively proliferating cells in the apical 
meristem of the primary root and not in the apex as a whole. 
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