UNIVERSITE

DE GENEVE Archive ouverte UNIGE

https://archive-ouverte.unige.ch

Article scientifique 1996 Published version

This is the published version of the publication, made available in accordance with the publisher’s policy.

Auderset, Guy Leon; Moncousin, Charles; O'Rourke, Jane; Morré, D. James

How to cite

AUDERSET, Guy Leon et al. Stimulation of Root Formation by Thiol Compounds. In: HortScience, 1996,
vol. 31, n° 2, p. 240-243. doi: 10.21273/HORTSCI.31.2.240

This publication URL:  https://archive-ouverte.unige.ch/unige:137030
Publication DOI: 10.21273/HORTSCI.31.2.240

© The author(s). This work is licensed under a Other Open Access license
https://www.unige.ch/biblio/aou/fr/guide/info/references/licences/


https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch/unige:137030
https://doi.org/10.21273/HORTSCI.31.2.240
https://www.unige.ch/biblio/aou/fr/guide/info/references/licences/

GROWTH REGULATORS

HortScience 31(2):240-242. 1996. with 100 inositol, 1 thiamine HCL, 0.5 nico-
tinicacid, 0.5 pyridoxine HCL, the plantgrowth
I I I regulators benzyladenine (1) and IAA (0.1),
Stimulation of Root Formation by Lo e o e e e 0 e
culture conditions were 24 to 26C with a 16-h

T h | O I CO m pO U n d S photoperiod at 7fmol-m2s PPF.

For the rooting phase, 2-cm-long shoots
Guy Auderset, Charles Moncousin, and Jane O'Rourke were harvested at the end of the proliferation

Ecole d’Ingénieurs, Centre de Lullier, CH - 1254 Jussy, Geneva, Switzer[ifff and were treated for 1 h withi auxin
see auxin shock) before transfer to a rooting

D. James Morré medium (identical to the multiplication me-
Department of Medicinal Chemistry, Purdue University, West Lafayef{g but without hormones) to initiate root-
IN 47907 ing. The thllol cpmpounds were prepared asep-
tically by filtration and were introduced with
Additional index words. Glycine max, Phaseolus aureas, Malus domestica, Hedera helixh€ concentrated molten agar rooting medium
just before solidification. After transfer, plants
Abstract Root formation in shoot cuttings of soybeanGlycine maxL. ‘Williams’),  were kept in darkness at 26C for 6 days and
mungbean Phaseolus aureadidlbg.), English ivy (Hedera helixL.), and apple (Malus then returned to the culture room. The auxin
xdomesticaBorkh. ‘Jork 9') was stimulated by dithiothreitol and reduced glutathione in  treatment and rooting were in glass jars.
the presence and absence of auxin (IAA) shock. In soybean, in the absence of auxin, root Rooting is expressed as the number of
formation was stimulated to about the same extent by glutathione alone as with auxinshoots per tuft producing >5 roots. Each treat-
alone. The roots induced by thiol compounds were longer than roots induced by auxinment was 22 tufts, and experiments were con-
shock and were completely normal in appearance. Roots produced with auxin shock alongjucted three times. Rooting was measured as
were short and exhibited characteristic auxin-induced deformations. With a combination the ratio of the number of roots produced per
treatment of auxin shock and thiol compounds, roots were more numerous than with either total number of shoots.
alone, somewhat longer than with auxin alone, and exhibited fewer of the usual deforma-  Rooting of English ivy cutting8uttings of
tions characteristic of roots grown in the presence of external auxins. The thiol compoundsEnglish ivy =15 c¢m long were collected in
also were beneficial for rootingMalus shoots propagated from callus in vitro. The thiol October. Treatments were exactly as for shoots
compounds were most beneficial with older cuttings where auxin shock was oftenof soybean and mungbean, except that rooting
insufficient to obtain roots. In shoots where rooting was stimulated by thiol agents, shootswas in 125-ml Erhlenmeyer flasks containing
grew more rapidly than in those where rooting was induced by auxin shock alone. These75 ml of solution, and the experiments were
findings suggest a use for thiol compounds alone or in combination with auxin shock tocontinued for 30 days.
induce differentiation of root primordia as well as for stimulation of root growth. Chemical Auxin shockThe auxin used was IAA. The
name used: indole-3-acetic acid (IAA). treatment with auxin involved dipping the
base of the cutting (2 to 3 mm) for 1 h in an
Induction of rooting is an important step intransferred to shell vials (10 ml) containing 5agarised (apple) or aqueous (soybean,
the propagation of woody and herbaceousl of aqueous rooting solution. Rooting wasnungbean, and English ivy) solution of 1m
plants from cuttings or shoots produced frongontinued in light [fluorescent, {0nokm2s?  IAA. The shoots then were rinsed and trans-
callus (Moncousin, 1992). The classic roophotosynthetic photon flux (PPF), 8-h lightferred directly to either agar (apple) or dis-
induction method is to use an auxin shock gberiod]for 7 to 10 days. All roots were countedilled water in shell vials (soybeans and
high concentrations of either IAA or otheron each ofthree to five cuttings in three experimungbean) or flasks (English ivy) containing
auxins. However, the roots formed frequentlynents. Results are meats> among experi- the test substances.
are stunted and malformed (Lane, 1978). Iments.
our report, we describe using the thiol com- Micropropagation and rooting of apple Results
pounds glutathione and dithiothreitol to in-shoots in culturePlants were from an apple
duce rooting in shoots of apple, mungbeampotstock (‘Jork 9’) obtained from B.  The number of roots formed by soybean
and soybean either alone or in combinatioKunneman (Lisse, The Netherlands) and werghoots was increased by adding thiol com-

with an auxin shock. already established in vitro before the start gbounds either in the absence or presence of
the experiments. _
Materials and Methods In the proliferation phase, plants wereTlable 2. Rooting of soybean shoots after 14 days

formed in tufts of shoots Vary|ng between 1 promoted by dithiothreitol and effects on root

Rooting of shoots of soybean andnd 3 cm long. To multiply plants, 0.5-cm__'ength.
mungbeanSeeds of soybean (‘Williams’) or apices were excised and transferred to fresh Roots
mungbean were soaked in water for severatedium. Apices were cultured in glass jar$uxin  Dithiothreitol  NoJ Length
hours, planted in moist vermiculite, and gereontaining 100 ml of medium and were covshock (nm) cutting (cmy
minated and grown in the greenhouse=f2r ered with Saran wrap (PVDC Dow Chemical - 0 13+ 1 25505
weeks. Shortly after the epicotyl was fullyMidland, Mich.). The multiplication medium + 0 19+ 3 0.45+ 0.05
extended, but before the expansion of the firstnd the culture room conditions were the same 0.1 40+ 10 4.1+ 0.5
trifoliate leaf, shoots were harvested by cutas those described by Seingre et al. (1991}. 0.3 53+ 13 3.0£0.4

ting just above the roots. These shoots weithe medium contained MS mineral solutiorrResults are means of three experiments of 10 shoots
(macro- and microelements) (in Hiigr') eachtspamong experiments.
Received for publication 19 June 1995. Accepted

for publication 26 Oct. 1995. This study was com- . ) . . .
pleted as part of a European Economic Communiﬂ;able 1. Rooting of soybean shoots promoted by glutathione and dithiothreitol at @ffeml4 days in

Bridge-Cost 87 activity and received partial support the presence and absence of an auxin shocku(lAi for 1 h) and effects on shoot length.

frqm the Office Fé_déral de I'Education et c_ie 'Ia RoOtS/Shodt Shoot length (crm)
Science, Berne, Switzerland. The cost of publishin
this paper was defrayed in part by the payment @

hiol — Auxin + Auxin — Auxin + Auxin

page charges. Under postal regulations, this papgPne 153 28+ 1 10+ 2 5t 15

therefore must be hereby markadvertisement ©lutathione 22 2 45+ 6 12+ 3 12+ 2
solely to indicate this fact. Dithiothreitol 21+ 4 40+ 5 71 9+1

To whom reprint requests should be addressed. ZResults are means of 10 shoots in each of threetr@smong trials.
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auxin shock alone (Table 1). Comparisons
were at near optimum concentrations of re-
duced glutathione (Table 1) or dithiothreitol
(Tables 1 and 2). Mungbean (Fig. 1) and
soybean (Fig. 2) yielded an optimum curve in
the presence of auxin, with the most roots
produced at 0.1 mfor glutathione and atl

mw for dithiothreitol.

In the absence of auxin, overall rooting of
mungbean shoots was less, and no clear opti-
mum was present (Fig. 1). However for soy-
bean shoots, rooting in the absence of auxin
shock appeared to be stimulated at about the
same concentrations of dithiothreitol and glu-
tathione as in the presence of auxin shock (Fig.
2). Inthe presence of auxin shock, low concen-
trations of dithiothreitol (0.1 to 0.05wm ap-
pear to inhibit rooting of mungbean shoots
(Fig. 1).

The appearance of the roots formed in the
presence of the thiol compounds differed from
those formed in their absence. In the presence
of reduced glutathione (Fig. 3 b and e) or
dithiothreitol (Fig. 3 ¢ and f), there were more
roots, and they generally were longer and less
deformed than the roots of comparable control
shoots treated in the presence of auxin shock
alone (Fig. 3d, Table 2). Additionally, roots
formed higher on the stem, especially with
dithiothreitol (compare Fig. 3 b with a and e
with d).

ROOTS PER CUTTING
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Not only were the number, length, andsig. 1. Rooting of mungbean shoots in the presence (—B)-er absence (——s,) of 2 mv auxin (2 h)

quality of roots formed in the presence of
auxin shockimproved by the thiol compounds,
but reduced glutathione and dithiothreitol also
enhanced shoot elongation in combination with
auxin shock (Table 1). With auxin shock alone,
shoot elongation was reduced $§0%. At
optimum concentrations of glutathione and
dithiothreitol for rooting, shoot growth in the
presence of auxin was restored to about the
levels in the absence of auxin.

With Maluscuttings growing in agar, thiol
compounds also induced rooting with about
the same dose relationships as for soybean and
mungbean. For dithiothreitol, an optimum
curve was obtained, with the greatest enhance-
ment of rooting at0.25 mu (Fig. 4). With
reduced glutathione, optimum rooting enhance-
ment was achieved &0.075 nm (Table 3).

With Maluscuttings, effects on root length
and quality in combination with auxin shock
was more evident with thiol compounds than
were effects on the number of root primordia
(Fig. 5). Roots formed in the presence of auxin
shock together with dithiothreitol (Fig. 5b) or
reduced glutathione (Fig. 5d) were longer and
less deformed than those formed following
auxin shock alone (Fig. 5a). As with soybean
(Fig. 3), shoots formed with auxin shock plus
reduced glutathione or dithiothreitol appeared
more robust with longer leaf petioles and more
fully expanded leaves (Fig. 5 b and d) com-
pared with auxin shock alone (Fig. 5a). With
Malus, dithiothreitol generally was superior to
reduced glutathione as a rooting enhancer in
combination with auxin shock. Neither
dithiothreitol alone (Fig. 5c) nor reduced glu-
tathione alone (Fig. 5e) was effective as a root

(DTT).

ROOTS PER CUTTING
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inducer withMalus in the absence of auxin Fig. 2. Rooting of soybean shoots in the presence (—33-ar absence (—s,) of 2 muv auxin (2 h) as

shock.
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a function of thiol compoundsA] Glutathione (GSH) andB| dithiothreitol (DTT).
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Fig. 3. Appearance of rooted soybean cuttings ingk€ @ibsence ordf) presence of 2 mauxin (2 h).
(a, d) No thiol compound,if, €) 0.1 mv glutathione (GSH), ana,(f) 1 mw dithiothreitol (DTT). Scale

bar =5 cm.
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Fig. 4. Rooting oMalus xdomesticdJork 9’ cuttings in response to dithiothreitol.
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Results forHedera cuttings (Table 4)
showed a response to dithiothreitol plus auxin
shock similar to that observed wittalus Not
only was the number of roots per cutting about
doubled, but the number of cuttings producing
no roots was reduced froa30% to<10% by
supplementing auxin shock with either 0.1 or
0.3 mm dithiothreitol.

Discussion

There have been few studies related to the
ability of thiol compounds, such as glutathione
and dithiothreitol, to influence differentiation
in plants. Such reagents, which modify thiol
groups, have been used extensively to probe
the potential role of these substances in main-
taining the structure and function of numerous
hormone and neurotransmitter receptors
(Aronstam et al., 1978; Bottari et al., 1979;
Falcone and Aharony, 1990; Larsen et al.,
1981; Pavo and Fahrenholz, 1990; Sidhu et al.,
1986; Suen et al., 1980), but similar studies
have not been performed with plants.

The effectiveness of thiol compounds to
induce rooting of soybean shoots was compa-
rable to that of the classical root induction
treatment using auxin shock. With soybean,
mungbean, and apple, the thiol compounds
dithiothreitol and glutathione were less active
alone but were strongly interactive with an
auxin shock in promoting root growth. With
the combination of dithiothreitol or glutathione
plus auxin shock, the number of root primor-
dia formed increased compared to auxin shock
alone. Additionally, the roots induced by thiol
compounds alone or together with auxin shock
were generally longer and healthier than those
induced by auxin shock alone.

The finding that the formation of root pri-
mordia is promoted by thiol compounds, ei-
ther in the presence or absence of auxin shock,
appearsto be new. Lis-Balchin (1989) showed
promotion and inhibition of adventitious root
formation inPelargoniumby natural antioxi-
dants (vitamins C and E) or synthetic food
antioxidants mixed with gallic acids. Standardi
and Romani’s (1990) paper dealing vitalus
and the rooting process reported millimolar
concentrations of glutathione where rooting
was inhibited.

Using thiol compounds, and especially
dithiothreitol, to enhance root formation in
combination with auxin shock may have prac-
tical application in commercial plant propaga-
tion involving potentially difficult-to-root spe-

Table 3. Response of rootirngalus xdomestica
seedlings (‘Jork 9’) to reduced glutathione 14
days after auxin shock.

Reduced Roots/
glutathione Rooting plant
(nw) (%) (no.)
0.0 (control) 55a 2.26a
0.025 70 a 247 a
0.050 77 a 459b
0.075 87b 483b
0.100 67 a 314 a

zDunnett’s test aP < 0.05. Means followed by an
“a” do not differ from controls.
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Table 4. Rooting dflederacuttings after 1 month as
influenced by dithiothreitol (DTT) and auxin

shock.
Cuttings
DTT Roots/cutting  with no
Treatment () (no.y roots (%]}
Control
(wateronly) O 2t1 33
Auxin shock 0 52 30
0.1 13+ 9 10
0.3 13+ 0 0

?Results are means of replicated determinations of
; =1 I . - six to nine cuttings per treatmenimean average
e ii:"“-' . I|- oy ' deviations between the means.
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