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Effect of exogenousindole butyric acid on root formation and
peroxidaseand indole-3-acetic acid oxidase activitiesand phenolic

contentsin date Palm offshoots
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Abstract. Exogenousindole butyric acid had a significant positive effect on the rooting response of date Palm (Phoenix
dactylifera L.) offshoots. IBA-treated offshoots rooted earlier and with a much higher frequency while untreated
offshoots rooted poorly, later, and tended to produce fewer roots. The effect of exogenous application of auxin was
also reflected in the metabolic changes in offshoots during the rooting process. Pox activity showed a minimum on
the sixth day and a maximum on the twelfth day after the root-inducing treatment. Changes of 1AA oxidase activity
showed a parallel time curve while phenolic contents and auxin protector levels showed an inverse trend. These
parameters changed slightly one week later in the untreated offshoots.
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I ntroduction

The rooting property of auxins and their importance in
plant propagation have been widely recognized for long
time (Thiman and Went, 1934). Hence, the necessity of ex-
ogenous auxin application to induce root formation in cut-
tings has been reported in many species e.g. sequoia
(Berthon et al., 1990), loblolly pine (Greenwood and Weir,
1994), juniper (Edson et a., 1996), almond (Caboni et al.,
1997) and Eucalyptus (Fett-Neto et al., 2001). Currently, in-
dole butyric acid (IBA) is the most widely used auxin to
stimulate the rooting process in cuttings because of: 1)
its high ability to promote root initiation (Weisman et al.,
1988) and 2) its weak toxicity and great stability in com-
parison to naphthal ene acetic acid and indole-3-acetic acid
(Blazich, 1988; Hartmann et al., 1990). Though auxins are
widely used in the induction of rooting, little is known
about their specific action or their interactions with other
endogenous compounds (Gaspar et al., 1997). Changesin
enzyme activities which regulate different biochemical
pathways e.g. protein, carbohydrates, nitrogen, and
phenolics, during the rooting process in cutting have been
investigated (Mato et al., 1988; Das et al., 1997; Druege et
al., 2000). Severd investigations have reported the involve-
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ment of peroxidase, IAA oxidase, and phenolicsin the pro-
cess of root formation in cuttings (Hahlbrock and
Grisebach, 1979; Mosella et al., 1980; Vaughn and Duke,
1984; Mayer, 1987; Gonzdez et al., 1991; Caboni et al., 1997,
Gaspar et d., 1997).

Date Palm multiplication by transplanting offshoots till
remains the best and most common method of reconsti-
tuting a destroyed palm grove. Its accomplishment was
however limited to offshoots that weigh 7 to 15 kg (Perreau-
Leroy, 1958; Toutain, 1972; Saaidi et al., 1979). In the last
few decades, the rooting ability of the date palm offshoot
has substantially improved using the misting system
(Saaidi, 1979; BenAbdelah, 1990; Qaddoury and Amssa,
2002). The present investigation was carried out to pro-
vide amore detailed insight into the relationship between
the auxin (IBA) treatment and changes of peroxidase and
IAA oxidase activities as well as endogenous phenolic
contents and auxin protector levelsin relation to rooting
response, in the offshoot of the high quality Moroccan
cultivar of date palm.

Materials and M ethods

Plant Material

Young offshoots, less than 2 kg, were collected from
the high quality Moroccan cultivar of date palm, Meghoul
(MJH), grown in the experimental station of the ORMVAT
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(Office Régiona de Mise en Valeur Agricole de Tafilallet).
External leaves were removed, and the bottoms of the off-
shoots were dipped for 5 min in IBA solutions at 15 mM,
25 mM, 35 mM, 50 mM and 75 mM. Offshoots were then
planted on peat and coarse sand (1/3: v/v) and kept in a
mist greenhouse. There were five treatments (including
control) with 30 offshoots each. ANOVA, using the
Statistica program (StatSoft, 1995), was performed on a per-
centage of rooted offshoots and the root number per off-
shoot among the treatments. The significance was tested
at the 5% level following the Newman-Keuls range test.

Subsequently, in a separate experiment, the best treat-
ment (25 mM IBA) was subjected to biochemical analysis.
Samples from the inner leaf of the IBA-treated and un-
treated offshoots of Mejhoul were collected every two
days during the first month after the root-inducing treat-
ment for biochemical analysis.

Enzyme Preparations and Assays

Tissues were ground in liquid nitrogen in a mortar and
homogenized in 100 mM potassium-phosphate (pH 6.1).
The homogenate was then centrifuged at 4°C for 15 min
at 10,000 rpm, and the supernatant was taken off. The pel-
let was re-suspended in potassium-phosphate buffer and
re-centrifuged under the same conditions as before, and
the new supernatent was added to the first.

Peroxidase assay. Peroxidase activity was determined
according to Baaziz (1989) by monitoring the formation of
tetra-guaiacol at 470 nm. The reaction mixture contained
2.5 ml 50 mM tris-malate buffer (pH 6) containing 50 mM
guaiecol, 88 mM H,O,, and 0.05 ml of extract. One unit of
enzyme activity corresponded to 0.1 per min variation in
absorbance at 470 nm, peroxidase activity was expressed
on afresh weight basis (unit g* f.w).

|AA oxidase assay. The reaction mixture consisted of
1/15 M potassium-phosphate buffer (pH 6) containing 100
uM MnCl,, 50 uM p-coumaric acid, 320 uM IAA (Sigma
Chemical), and 0.05 ml extract. Assays were conducted at
30°C for 1 h. The measurement of non-oxidized IAA was
carried out with Salkowski reagent (2 ml) at 535 nm after
60 min at 30°C, and the remaining IAA was calculated af -
ter Pilet and Chollet (1970). IAA oxidase activity was ex-
pressed in ug IAA destroyed after 1 h per milligram fresh
weight.

Assay of auxin protectors. The presence of enzymein-
hibitors (auxin protectors) was detected in the partially
purified enzyme extracts according to Mato and Vieitz
(1986). Five ml of extract were brought to 70% saturation
with ammonium sulfate and centrifuged at 27,000 g for 15
min at 4°C. The supernatant was discarded, and the pre-
cipitate was re-suspended in 5 ml of the same buffer. The
reaction mixture was the same as used for IAA oxidase ac-
tivity with addition of 3 pg/ml HRP (Sigma) (Stonier et al.,
1979).

Phenolic content. Phenolic compounds were extracted
from 0.2 g of fresh matter following Macheix’s (1974)
method, and their concentrations were estimated with the
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Folin Ciocalteu reagent at 750 nm. Concentrations were
determined by reference to standards established with pure
analytical grade chlorogenic acid and expressed on afresh
weight basis (ug.gt.f.w).

Results

Root formation in date palm offshoots was significantly
improved by IBA treatment (p < 0.001) while 86.3% of root-
ing was induced by 25 mM IBA (the highest percentage
among the treatments), only 55.9% of the untreated off-
shoots produced roots (Table 1). Furthermore, IBA treated
offshoots produced significantly (p < 0.001) more roots per
rooted offshoot. The maximum number of roots per off-
shoot (19.3) was observed for the treatment with 25 mM
IBA while untreated offshoots produced fewer roots (6.1)
per rooted offshoot (Table 1). Moreover, roots gppeared
by the 6"~7" week in the presence of IBA and after the
10" week in untreated offshoots.

The effect of IBA was also reflected in peroxidase and
IAA oxidase activities as well as endogenous phenolic
contents and auxin protector levels analysed during root
formation, in the treated and untreated offshoots. Peroxi-
dase activity decreased during the first 6 days after the
application of the root inducing treatment, steeply in-
creased and reached a peak on the twelfth day, and then
decreased again (Figure 1a). IAA oxidase activity showed
aparallel trend with a minimum on the fourth day and a
maximum on the fourteenth day (Figure 1b). In the un-
treated offshoot, peroxidase and | AA oxidase activities fol-
lowed the same variations but at a lower level and one
week later (Figure 1a, b). Phenolic contents steeply in-
creased immediately after IBA treatment, reached a peak
on day 6, and then sharply decreased in the IBA-treated
offshoots. In the control, phenolics gently increased over
the first two weeks and then decreased.

In the IBA-treated offshoots rooting was accompanied
by an increase in |AA protection until day 6, after which
protector levels declined (Figure 2a). In the untreated
offshoots, auxin protection decreased during the first 8
days, then steeply increased and reached a peak on the
fourteenth day, and then decreased again and remained low
(Figure 2b).

Table 1. Percent rooting and number of roots per rooted off-
shoots in relation to IBA treatment, in young offshoots of date
Palm transplanted in mist greenhouse. Mean + SE (n = 30).

Number of roots per

IBA (mM) Rooting percent rooted of fshoot
0 559 + 23 6.1 £ 03
15 688 = 24 81 £ 06
25 86.3 + 36 193 + 06
35 766 + 29 1385+ 0.7
50 705 = 43 131 £ 03
75 454 = 31 95 = 06
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Figure 1. Peroxidase (a) and IAA oxidase (b) activities and phe-
nolic contents (c), determined during the first month prior to
root gopearance, in IBA-treated (triangles) and untreated (rounds)
offshoots of date Palm cultured in mist greenhouse. Means +
SE (n = 30).

Discussion

There were clearly differences in rooting response be-
tween the IBA-treated and untreated offshoots of date
palm. In the presence of auxin, offshoots rooted earlier and
with amuch higher frequency. Untreated offshoots rooted
poorly, later, and tended to produce fewer roots. Our data
showed that rooting response in date Palm can be sub-
stentially improved by applying exogenous IBA, with re-
sults like that already observed in sequoia (Berthon et al.,
1990), loblolly pine (Greenwood and Weir, 1994), almond
(Caboni et d., 1997), and Eucalyptus (Fett-Neto et d ., 2001).

Changes of peroxidase and |AA oxidase activities as
well as phenolic contents and auxin protector levels were
analyzed during root formation, in offshoots treated with
and without IBA. In IBA-treated offshoots, root formation
was characterized by aclear declinein |AA oxidase activ-
ity on the fourth day and a marked increase on day 14.
Peroxidase activity underwent the same time-course curve
while phenolics changed inversely. These parameters re-
mained almost unchanged with a slight increase after one
week in the untreated offshoots. Data also show that IBA
treatment induced arise in the endogenous auxin protec-
tor level, which changed sharply and earlier in the IBA-
treated offshoots than in the untreated ones. The great
differences in rooting response and enzyme activities be-
tween |BA-treated and untreated offshoots is good evi-
dence of IBA’s efficiency in promoting rooting in date
Palm, a result also found in many other species
(Greenwood and Weir, 1994; Caboni et al., 1997; Fett-Neto
et al., 2001). Exogenous IBA may induce changesin en-
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Figure 2. Auxin protection activity of partially purified en-
zyme extracts from the inner leaves of young offshoots of date
Palm during rooting. Datain % inhibition of HRP (IAA oxidase)
activity.

zyme activities (peroxidase and |AA oxidase) and in their
effectors contents (phenolics) allowing the establishment
of the favourable endogenous hormone balance. It iswell
known that applied auxins induce modifications in their
own metabolism, mostly by conjugation, and in other hor-
mones such us cytokinins (Ribnicky et al., 1996; Gaspar
et al., 1997). The metabolism of the exogenously provided
auxin, especially its combination with phenolic compounds,
has been considered in relation to the promotion of ad-
ventitious rooting (Haissig, 1974; Weisman et al., 1988).
Thefall in IAA-oxidase activity and the rise in the endog-
enous auxin protector level indicate that auxin is neces-
sary for rooting induction, confirming previous results
(Quoirin et a., 1974; Vazquez and Mato, 1991; Liu et a.,
1996). While the period of higher enzyme activities and
weak auxin protector level probably correlated to the early
events of the initiation phase, it may be indicative of the
requirement for a reduction of endogenous auxin level to
bring about favorable hormonal balance (Berthon et al.,
1990; Moncousin, 1991; Blakesley et a., 1991; Tsalaet a.,
1996; Gaspar et al., 1997). It istherefore desirable to mea-
sure changes of the endogenous |AA level in relation to
kinetical changes of 1AA-oxidase and auxin protector lev-
els during the course of rooting, and this forms part of
our research currently in progress.
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