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ABSTRACT

This work was carried out to clucidate effects of endogenous and exogenous IAA transport
on adventitious root formation in Phaseolus vulgaris hypocotyl cuttings. For inverted or normal
incubation in distilled water, the adventitious root is always formed at the morphological base
but not at the morphological apex. For inverted incubation, in both distilled water and certain
chemical solution, the root formation is retarded more at the first stage (0-24 hr) than at the
second stage (24-48 hr). When p-chlorophenoxyisobutyric acid (PCIB) was applicd to the
cuttings at the first stage, the root formation was inhibited more than at the second stage
Treatment of 2,3,5-trilodobenzoic acid (TIBA)markedly inhibited the adventitious root forma-
tion in Phaseolus vulgaris hypocotyl cutrings. This inhibition influenced the root according to
the applied stage and period. Therefore, the root formation i more related to the stage of root
primordium formation than to the stage of root elongation from the primordium. Inhibition of
auxin transport or action by TIBA or PCIB could also be reversed when hypocotyl cuttings

are incubated in ¢xogenously applied TAA solution.
INTRODUCTION

The formation of adventitious root primordia is regulated by plant hormone such as auxin
(Went 1934; Went and Thimann 1937). Auxins accumulated in the rooting zone induced the
adventitious root formation (Altman and Wareing 1975; Fricdman et al. 1979; Jarvis and Booth
1981). Furthermore, the adventitious root formation is related to polar transport of “rooting
substances” (Pricstly and Swingle 1929). Recently the role of polar transport of cxogenous [AA
(indolc-3-acetic acid) was proved by Greenwood and Goldsmith (1970).

It was reported that IAA treatment accelerated root formarion of Azuki-bean more at the
second stage (24-48 hr)(Shibacka 1971). On the other hand, there were reports that IAA

treatment to the cuttings of pea at the first stage were more effective (Eriksen and Mohammed
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1974; Fabijan et al. 1981). These above reports are from the studics on exogenous auxin
treatment (Eriksen and Mohammed 1974; Fabijan et al. 1981; Shibacka 1971). However the
effect of endogenous auxin transport on adventitious root formation was rarcly reported.
The basipetal polar transport of auxin is reduced in the case of the inverted cuttings
compared to the normal cuttings. In general, it is thought that the basipetal auxin transport in
the normal incubation is far superior to the acropetal transport by the gravity (Nagivi and
Gordon 1965; Leopold and Hall 1966; Little and Goldsmith 1967; Goldsmith 1982; Wright
1981). In addition, the content of endogenous auxin accumulated in the root forming zone
depends on the direction of incubation. In the present study, we will cxamine the relation
between the adventitious root formation and endogenous auxin in the cuttings incubated both

in the normal and inverted direction.
MATERIALS and METHODS

Plant material Sceds of Phaseolus vulgaris L., kidney bean were soaked in gauze, moistened
with distilled water for 24 hr and then secds appearing 2 mm-long root were sown in clean
fine sand, inside stainless steel trays (15X20X5 c¢m?). Seedlings were raised in a controlled
growth chamber at 25+ 1, 16 hr photoperiod supplied by cool white fluorescent light of 1900
lux. Hypocotyl was cut at the point of 40 mm from the cotyledonary node of 6-day-old
seedlings (Fig. 1,A).
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Fig. 1. Diagram of kidney bean seedling used in the experiment(A) and adventitious root formation on hypocotyl
cuttings treated with test solution (B). FL : first leaves, EP: epicotyl, C :cotyledon, R: root,
HP : hypocotyl, ADR : adventitious root.
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Rooting experiment  Five freshly prepared hypocotyl cuttings were incubated in glass vials
containing 5 ml of test solution with the depth of 25 mm. Test solution(1X107*M IAA or
PCIB) and distilled water were prepared for the incubation of cuttings.

Bach vial with five cuttings werc placed in a perri-dish (# 90mm) in the incubator under
fluorescent lamp (16 hr photoperiod) at 25+1C for six days. The hypocotyl cuttings were
washed with tap water and rinsed with glass distilled water every 24 hr. The tops of the glass
vials were not covered. In order to examine the effect of the endogenous IAA for rooting, the
hypocotyl cuttings were incubated in a morphologically inverted or in a normal dircction in
distilled water. The hypocotyl cuttings were ringed with lanolin paste of 20 mm width. The
lanolin pastc contained 1% (w/w) TIBA.

Ten mg of TIBA was solved in 1 ml of absolute ethyl alcohol and then mixed with 1 g of
lanolin at 50°C for 24hr. The ethyl alcohol was removed by heating the mixture in a water
bath (Iwami and Masuda 1976). After a week of incubarion, the adventitious roots were

counted with the naked eye (Fig. 1.B).
RESULT

Whether normal or inverted incubation the adventitious root formation was always shown
only around the morphological basc.

The average number of adventitious roots were 2.30 in the normal incubation as a control.
The normal incubation for 168 hr after 12 hr inversion of the cuttings showed 67.39% of root
forming rate in comparison with the control. The inverted incubation of 24, 36, 48 hr showed
61.30%, 58.52% and 33.91% of the control respectively in the root formation. The result
showed 26.96% of the control in the case of the inverted incubation for the entire 168 hr. So it
was shown that root formation ratio decreased in proportion to inverted incubation time.
Inverted incubation for 12 hr (24-36 hr) followed by normal incubation for 36-168 hr resulted
in root forming rate of 81.62%. Inversion of the cuttings at the first 24 hr resulted in 56.52%,
while that at the second 24 hr showed 88.7% (Table 1). When the cuttings were incubated in
an inversed direction in 1AA solution for the first and second 24 hr. they showed 52.17%, and
43.48% rooting respectively. When the cuttings were invertedly incubated in IAA solution
after the first 24 hr under normal conditions, the result was 108.70%. On the other hand, the
cuttings that were incubated in distilled water the normal direction for the first 24 hr and
subscquently in IAA sclution in an inverted direction for the second 24 hr, produced 134.78%
rooting. PCIB treatment in the first stage was more inhibitory than the second stage (Table 3).

Application of lanolin paste containing 1% TIBA to the middle portion of the cuttings
caused inhibition of adventitious root formation (Table 4). TIBA treatment following distilled
water trcatment in the first 24 hr and 48 hr, showed 30.00%. and 89.57% rooting respectively.
Combination treatment with TIBA and TAA for the second 24 hr after distilled water treatment
of the first stage showed 71.30%. Treatment with lanolin paste containing TIBA for 24-168 hr
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Table 1. Effects of normal and inverted incubation on adventitious root formation in Phaseolus vulgaris
hypocotyl cuttings.

Treatment (hr) Number of roors*

Group 0-12 12-24 2436 3648 48-168 Mean £ S.E. (%)

2.300.12(100.00)
1.55+0.14(67.39)
1.30%0.10(56.52)
1.41 £0.12(61.30)
0.78+0.08(33.91)
0.62+0.12(26.96)
)
)

o=

1.360.08(59.13
1.90+0.18(82.61
1.87+0.10(81.30)
2.04%0.12(88.70)
1.30£0.14(56.52)
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* Avcrage of 50 cuttings with standard crror.

W ! incubated in inverted direction.
A Incubated in normal direction.

Table 2. Effect of TAA on adventitious root formation during the inverted or normal incubation in
Phaseolus vulgaris hypocotyl cuttings.

Group . o Treatmenc (hr) o __Number of roots®
024 2448 48168 Mean£S.E. (%)
1. N N IN 2.300.12(100.00)
2. A v v 1.20£0.06(52.17)
3, v a v 1.000.08(43.48)
4. A FAN AN 2.50£0.12(108.70)
A. JAN £ O 3.10£0.20(134.78)

* Average of 50 cuttings with standard error.
TAA was used ar 1 X107*M.
A C Incubation in morphologically normal direction.
W : Incubation in morphologically inverted direction.
¥ . Inccuubation in IAA solution m morphologically inverted direction.

Table 3. Effect of p-chlorophenoxyisobutyric aid (PCIB) on adventitious root formation in Phaseolus vul-
garis hypocotyl curtings.

Treatment (hr) Number of roots*
0-24 2448 48-168 Mean=S.E. (%)
H0 H:0 H.0 2.30£0.12(100.00)
PCIB H:0 H0 1.20%0.08(52.17)
H:0 PCIB H:0 1.40£0.12(60.87)
PCIB PCIB H:0 0,70£0.08(30.43)
PCIB+IAA H:0 H:0 1.5320.14(66.52)
H:0 PCIB+IAA H:0 1.67£0.12(72.61)
PCIB+IAA PCIB-+IAA H-Q) 2.00+0.14(86.96)

* Average of 20 cuttings with standard crror.
PCIB and IAA were used at 1X107'M.
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Table 4. Effcct of 2 3,5-triiodobenzoic acid (TIBA) on adventitious root formation in Phaseolus vulgaris
hypocotyl cuttings.

Group Treatment (hr) Number of roots™
024 2448 48-168 Mean=+S E. (%)

1. o o o 2.30£0.12(100.00)
2. A A A 0.37+0.06(16.09)
N A A A 0.690.03(30.00)
" A A A 2.06%0.12(89.57)
5 PaN A A 1.64+0.14(71.30)
6. N A Fs 1.55+0.10(67.39)

* Average of 60 cuttings with standard error.
> Treated with plain lanolin paste.

. Treated with glass distilled water.

- Treated with 1% TIBA in lanolin paste.
. Treated TIBA and IAA in lanolin paste.

2 e

after combination treatment with TIBA and IAA for the first 24 hr period showed 67.39%.
DISCUSSION

From the inhibition of adventitious root formation in the mverted incubation, we can deduce
that the endogenous auxin in the cuttings were accumulated in the basal part through basipetal
polar transport where it can induce the root primordium initiation.

Erikscn and Mohammed (1974) also reported that IAA promotes adventitious root formation
at the first atage. In sunflower the incubation of hypocotyl cuttings during the first 24 hr
period increases the adventitious root primordia (Fabijan et al. 1981) and root primordia
formation was promoted by an accumulation of endogenous IAA in hypocotyl during the first
stage (Wample and Reid 1979). Cho(1985) reported that endogenous and exogenous I[AA
accumnulation increased during the early stage im epicotyl cuttings of Azuki-bean rhrough a
quantitative analysis with high performance liquid chromatograhy (HPLC). It resembles the
present results in that basipetal auxin transport in iverted incubation of the segment decreased
by 50-70% for Avena sativa and 50% for Zea mays(Little and Goldsmith 1967).

The present experiment also agrees with the report that basipetal polar transport of the
endogenous auxin was retarded in inverted stem segments (Hertel and Leopold 1962; Wareing
and Phillips 1981). Thus the basipetal polar transport of the endogenous auxin is influenced by
gravity (Goldsmith 1982).

From the inhibitory effect of adventitious root formation in inverted incubation at the first
stage, it can be interpreted that the endogenous auxin accumulation is more effective in the
stage of root primordia initiation. Altman and Wareing (1975) also reported that auxin
accumulation followed by an accumulation of sugar at the rooting zone induced root

formation.
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. In the experiments with PCIB and TIBA, it was found that the adventitious root formation
was influenced by anxin more at the first stage than the later stage. However, Shibacka (1972)
reported that the late stage was more sensitive to auxin in root formation.

The TIBA treatment inhibits the basipetal transport of auxin (Hoad et al. 1971; Sievers and
Ladage 1973; Haissig 1974). When the internode of willow was, therefore, treated with TIBA,
cell division during adventitious root initiation was inhibitd by about 75% (Haissig 1970). And
when IAA level was low the root development was inhibited (Wample and Reid 1979). Fabijan
et al.(1981) also asserted that the ratio of the adventitious root formation decreascd by 24%
when treatment was done with 0.1% TIBA. Similar results were reported in corn coleoptiles
and tobacco stem segments by Niedergang and Skoog (1956). The present results in kidney
bean hypocotyl cuttings on adventitious root formation by TIBA were close to those in many
other plants. Adventitious root formation always occurred on the morphological base whether
the cuttings were incubated under normal or inverted conditions (Table 1,2). In the experiment
with the epicotyl cuttings of Azuki-bean, similar phenomena has occurred (unpublished data,
Cho). These rescmbles the results in willow stem cuttings and dendlion root segments (Pfeffer
1903; Warmke and Warmke 1950). On the other hand, Hoad ef al.(1971) reported that, in

willow segment, adventitious root formation occurred both on a morphological base and apex.
H 2
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