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Abstract

Root failure is a key limiting factor in Gnetum spp. domestication and pro-
duction of plants materials for farming. To overcome, root failure in Gnetum
spp. may depend on adequate strategies set up and understanding of bio-
chemical markers controlling the rooting process. The present work is prin-
cipally based on phenolic compounds contents, peroxidasic and polyphenol
oxidasic activities during rooting of cuttings (pretreated with IBA, ANA and
IAA) at induction, initiation and expression phases of roots formation in
Gnetum africanum Welw. and G. buchholzianum Engl. The study revealed
that cuttings pretreated with IBA (150 mg/l) were more effective than TAA
and NAA. Phenolic compounds analysis revealed that cuttings pretreated
with IBA exhibited high phenolic compound contents at initiation and ex-
pression phases for both Gnetum species. Indicating that IBA pretreatment
promotes phenolic compounds synthesis and accumulation necessary for
roots differentiation. Enzyme contents appear to be high during the initiation
stage for both species when they are pretreated with IBA (150 mg/l).
Peroxidasic and Polyphenol oxidasic activities evolved on the synchroneous
maner. This allows us to know that the implication of these enzymes in the
rooting process is fundamental makers.
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1. Introduction

Gnetum spp. is a gymnosperm creeping plant found natively throughout the
humid tropical forests areas of Africa countries: Angola (12°30" S 18°30" E),
Cameroon (3°52" N 11°31" E), Central African Republic (7° N 21° E), Demo-
cratic Republic of Congo (4°31" N 15°32" S), Gabon (1° N 11°45" E) and Nigeria
(10° N 8° E) [1] [2]. In these African countries, Gnetum spp. bears various
common names: Angola (KoKo), Cameroon (okok, Eru, m’fumbua, or fumbua),
Central African Republic (KoKo), Congo (KoKo), Democratic Republic of Con-
go (m’fumbua or fumbua), Gabon (KoKo) and Nigeria (ukase or afang) [3].

Nutritionally, Gnetum spp. increases overall food security of rural households.
Content of amino acids found in Gnetum spp. is similar to the recommended
levels by the FAO. It has also been found that the levels of iodine are also high in
the Gnetum spp. Fibers average level is approximately 33.4 g/100 g of dried
Gnetum spp. leaves, while recommended daily intake of fibers is 30 g.

Medicinally, Gnetum spp. has been noted as an anti-inflammatory, anticarci-
nogenic and antioxidant and good source of protein and has a high content of
essential and non-essential amino acids.

Economically, Gnetum spp. can be used as a means to maintain a supplemen-
tal income for rural farmers.

Due to its nutritional, medicinal and economical importance, Gnetum spp. is
over-harvested. To insure the conservation of this crop and to manage the
growing demand, it was planned to domesticate it using root cuttings to produce
planting material intended for agricultural holdings. Root cutting is a vegetative
and clonal propagation method with advantage of capturing all the genetic supe-
riority without involving any gene segregation [4]. Vegetative propagation is
widely used in agriculture, horticulture and forestry for domestication, produc-
tion of planting materials and multiplying interesting plants [5]. However,
adventitious root formation is a key step in root cuttings process in horticulture,
agriculture and forestry [6].

Unfortunately, root fajlure of cuttings limits the domestication and produc-
tion of Gnetum spp. planting material. Roots formation is one of the three main
routes of organogenesis (along with shoot formation and somatic embryogene-
sis) where cells undergo an apparent reversal of differentiation and again be-
come meristematic prior to differentiation. The rooting capacity of cuttings
highly depends on keys factors which include genetic profile (species, genotype),
hormonal pool and enzymatic status. Hence, tackle cuttings roots failure in
Gnetum spp. is express through exogenous plant hormones, pretreatment and
morphogenesis related-enzymes (such as peroxidase and polyphenol oxidase)
status will bring new in the improvement of Gnetum spp. domestication and
production of useful planting materials through roots cuttings.

Adventitious roots differentiation occurs in three recognized successive phas-
es named induction, initiation and expression [7]. Auxins have been reported to

be involved in adventitious roots formation as they are implicated in the inter-
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dependent physiological phases of rooting process [8] [9]. Some authors [10]
reported that the effectiveness of auxin application on rooting potential of cut-
tings is optimal dependently of the adventitious root formation phases. These
data may insinuate that auxin profile and pool are a key factor in rooting cutting
induction, initiation and expression. It has been reported that adequate auxin
synthesis (availability) enhances root formation [11]. Reversely, auxin catabol-
ism (degradation) did not promote rooting. Auxin oxidation is a useful process
affecting auxin profile and pool in plant.

Hence, it can be hypothesized that, rooting failure in plant (including Gnetum
spp.) could be correlated with physiological or biochemical causes linked to
auxin profile, pool and status in plant. Auxin oxidation may stand as controlling
factor of auxin profile, pool and status in plant; thus, affecting adventives roots
of cuttings.

Investigations on adventitious root formation reported the influence of oxida-
tive enzymes peroxidases and polyphenol oxidases [12] [13]. However, in this
field, little or nothing is known about the biochemical events underlying rooting
cutting in Gnetum spp. Therefore, the present work studies the influence of ex-
ogenous auxin pretreatment on phenolic compounds contents, peroxidase and

polyphenol oxidase activities associated with roots differentiation in Gnetum spp.

2. Materials and Methods
2.1. Plant Material

Plant material made of creepers from Gnetum africanum and Gnetum buchho-
Izianum were harvested early in the morning (6 am) at Ekona (South-West Re-
gion, Cameroon) bush “Black bush”, saved in room temperature in water and
transferred in the laboratory. After morphological identification of each species,
cuttings of 7 cm length were collected from creepers. The surface of cuttings

leaves was reduced in order to minimize cutting leaf transpiration.

2.2. Experiment Design: Soaking Media and Time

Pretreatment or soaking media were defined using medium of [14], mineral salts
complex supplemented (or not) with variable concentrations of auxins (IAA,
IBA and NAA) used as regulatory factors. The pH of all pretreatment media was
adjusted (with KOH or HCl 0.1 M solution) to 5.8 prior to cuttings treatment

For each independent experiment, cuttings were soaked for variable periods
(1, 6, 12 and 15 hours) prior to culture. Additionally, variable concentrations of
IAA, IBA and NAA were screened. The most effective soaking time (12 hours)
was combined to the most effective IAA, IBA and NAA concentrations to study
the influence of exogenous auxin pretreatment on phenolic compounds con-
tents, peroxidase and polyphenol oxidase activities during roots differentiation
in Gnetum spp. Therefore, culture media for the present investigation were de-
fined with MS mineral salts complex combined (or not) to IAA (150 mg/1), IBA
(150 mg/1) and NAA (100 mg/l) (Table 1).
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Table 1. Cutting soaking media.

Gnetum spp. MS (g/l) IAA (mg/l) IBA (mg/l) NAA (mg/l)

0 0 0 0
2.185 0 0 0
G. africanum 2.185 150 0 0
2.185 0 150 0

2.185 0 0 100
0 0 0 0
2.185 0 0 0
G. buchholzianum 2.185 150 0 0
2.185 0 150 0

2.185 0 0 100

Cuttings from creepers of each Gnetum spp. species were subdivided into five
sets of 20 cuttings. One set (not soaked) was used as negative control; another set
(soaked in MS solution) was used as positive control. The three others sets
(soaked in MS solution supplemented with 150 mg/l IAA, 150 mg/l IBA or 100
mg/l NAA) were used as test (Table 1).

2.3. Culture Monitoring

Soaked and not soaked cuttings were randomly cultured into a propagator.
After culture, cuttings were watered daily at 6 am with the same quantity (12
liters) of tape water for eight weeks. Five independent experiments were con-
ducted for all soaking media and for both Gnetum spp. species (G. africanum
and G. buchholzianum).

Besides, watering cultures cuttings were collected, 5 (induction phase), 12 (in-
itiation phase) and 20 (expression phase) days after culture in the propagator.

The basal part of the collected cuttings was used for biochemical investigations.

2.4. Biochemical Analysis

2.4.1. Phenolic Compounds Extraction and Quantification
Phenolic compounds were extracted from fresh basal parts (with or without
roots) of Gnetum spp. cuttings following the adapted method of [15]. In brief,
0.2 g of biological material was ground and homogenized in 1.4 ml acetone
(80 % at 25°C) and centrifuge (6000 g, 20 min, room temperature). Super rea-
gents (phenolic compounds crude extracts) were collected in 1.5 ml microtubes
and stored at —20°C.

Phenolic compounds contents were estimated with the Folin Ciocalteu rea-
gent at 750 nm according to the procedure of [16]. In summary, successively, 2
ml of distilled water, 100 pl of phenolic compounds crude extract, 200 ul Folin

Ciocalteu reagent and 0.5 ml of Na,CO, (20%) were mixed, homogenized and
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incubated for 20 min (40°C). After incubation, the optical density was read at
725 nm against a blank where phenolic compounds crude extract was replaced
with equal volume of acetone 80 %.

Phenolic compounds contents were determined by reference to standards es-
tablished with pure analytical grade chlorogenic acid and expressed on a fresh
weight basis (ug/g of FW).

2.4.2. Polyphenol oxidase and Peroxidase Extraction

The protein content was determined by the method of Bradford using bovine
serum albumin (BSA) as a blank [17]. Polyphenol oxidase and peroxidase were
extracted using the adapted method of [18]. Briefly, approximately 1 g of fresh
basal parts (with or without roots) of Gnetum spp. cuttings were ground and
homogenized in mortar containing 10 ml potassium phosphate buffer (50 mM,
pH 6.0). The homogenate was subsequently centrifuged (6000 g, 30 min at 4°C)
and the supernatant was collected. The pellet was re-suspended in the same buf-
fer centrifuged under the same conditions as previously. The second supernatant
was added to the first to obtain peroxidase and polyphenol oxidase fresh prepa-
ration extract (in 1.5 ml microtubes and stored at —20°C) which were used for

polyphenol oxidasic and peroxidasic activity assays.

2.4.3. Polyphenol oxidase and Peroxidase Activities

1) Polyphenol oxidase activity

Polyphenol oxidase (PPO) activity was determined by measuring the increase
in absorbance at 330 nm using method of [19]. The reaction mixture incubated
at 25°C was made of 2.7 ml of phosphate buffer (1/15 M, pH 6.1) and 0.3 ml
cathecol (10 mM). The reaction was initiated by adding 40 ul of enzymatic ex-
tract. The enzyme activity was monitored through change of optical density at
330 nm after 30 s. PPO activity was expressed in UE per ug of proteins content.

2) Peroxidase activity

Peroxidase (POD) activity was determined using method of [20]. Guaiacol
transformation was followed at 420 nm. A volume (5 ml) of the reaction mixture
(1 Vof0.2% H,0, 2 V of 1% guaiacol; 5 V of 1/15 M phosphate buffer pH 6)
was added to 10 ul of enzymatic extract. The enzyme activity was evaluated by
monitoring optical density change at 420 nm. Peroxidase activity was expressed

in UE per g of proteins contents.

2.5. Data Analysis

The data obtained were represented as the mean * standard deviation (SD) of at
least three independent experiments. All the statistical analyses were conducted
using SPSS 20.0 software (SPSS, Inc., Chicago, IL, USA). The one-way analysis of
variance (ANOVA) with Student-Newman-Keuls tests was used to compare dif-
ferences between treatment means when significant F values were observed at p
<0.05.
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3. Results

3.1. Two Species of Gnetum (spp.) Plants Obtained from Rooted
Cuttings

Seedlings of Gnetum spp were regenerated from cuttings in pots on a substrate
made of topsoil. After four months of planting, seedlings of about 15 cm were

obtained for both species of Gnetum spp. (Figure 1).

3.2. Influence of Auxins on Roots Cuttings

Auxins pretreatment promoted rooting rate of cuttings up to a limit threshold in
G. africanum and G. buchholzianum. Hence, in G. africanum, peaks of percentage
of rooting were obtained with 100 mg/l IAA (77.33 + 2.46), 150 mg/1 IBA (66.20
+ 3.85) and 150 mg/l NAA (61.17 + 4.09) (Figure 2). In G. buchholzianum
peaks of percentage of rooting were observed with 100 mg/l IBA (95.33 £ 1.71),
and TAA (88.33 + 2.18), and 150 mg/l NAA (88.66 + 2.37) (Figure 3).

The monitoring of number of roots per cutting showed the best number of
roots per cutting with 150 mg/l IBA (8 = 1.2), IAA (6.8 £ 0.5) and NAA (5.6 £
0.5) in G. africanum and 150 mg/1 IBA (4.9 * 0.4) and 200 mg/l IAA (4.1 + 0.8)
and NAA (4.6 £ 0.5) G. buchholzianum (Figure 4 and Figure 5). The combina-
tion of percentage of cutting rooting and number of roots per cutting indicated
that 150 mg/l IBA and IAA and 100 mg/l NAA are best in rooting for both spe-
cies. These auxins concentrations were therefore used to monitor phenolic
compounds contents, peroxidase and polyphenol oxidase activities at different

phase of rooting in G. africanum and G. buchholzianum.

3.3. Influence of Exogenous Auxins, Pretreatment on Phenolic
Compounds Contents

Phenolic compounds analysis showed that the content of these secondary meta-
bolites increase from induction to expression phases independently to auxins
treatment. However, at a giving phase, phenolic compounds contents were lower
in untreated cuttings than that treated with auxin indicating that auxins treat-
ments promote phenolic compounds synthesis in G. africanum and G.
buchholzianum. Additionally, at induction phase, there was no significant dif-

ference in phenolic compounds contents between cuttings treated with auxins and

Figure 1. Plants of G. afircanum (a) and G. buchholzianum (b) (Bar = 1 cm).
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Figure 2. Effect of auxins treatment on percentage of cutting rooting in Gne-
tum africanum.
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Figure 3. Effect of auxins treatment on percentage of cutting rooting in Gne-
tum buchholzianum.

untreated cuttings. Significant difference in phenolic compounds contents was
observed between cuttings treated with auxins and untreated cuttings at initia-
tion and expression phases in G. buchholzianum (Figure 6). In G. africanum,
the difference in phenolic compounds contents between cuttings treated with
auxins and untreated cuttings appeared from induction to expression phases
(Figure 7).

3.4. Influence of Exogenous Auxins, Pre-Treatment on
Polyphenol oxidase and Peroxidase Activities

Analysis of polyphenol oxidase contents showed a significant difference in the

induction phase due to the function of auxin treatments of both species. During this
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Figure 4. Effect of auxins treatment on number roots/cutting in Gnetum

africanum.
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Figure 5. Effect of auxins treatment on number roots/cutting in Gnetum
buchholzianum.

phase, polyphenol oxidase contents were high in treated cuttings and weak in
untreated cuttings in both species (Figure 8 and Figure 9). During the initiation
phase, the polyphenol oxidase contents in treated cuttings were always higher
than the polyphenol oxidase contents in untreated cuttings of both species.
However, these contents decrease gradually from the induction phase to the ini-
tiation phase in treated cuttings, where as in untreated cuttings, these contents
remain constant in G. buchholzianum (Figure 8). In contrast, in G. africanum,
polyphenol oxidase contents increase progressively in treated cuttings and de-
cline progressively in untreated cuttings from the induction phase to the initia-
tion phase (Figure 9). From the initiation phase to the expression phase, a

gradual increase in polyphenol oxidase contents was observed in untreated
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Figure 6. Evolution of phenolic compounds contents during rooting in G. buch-
holzianum.
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Figure 7. Evolution of phenolic compounds contents during rooting in G. afri-
canum.

cuttings as well as in treated cuttings in G. buchholzianum (Figure 8). However,
these contents were still higher in treated cuttings than in untreated cuttings.
On the other hand, in G. africanum, a gradual decline in the contents of
polyphenol oxidases from the initiation phase to the expression phase in the
treated cuttings was observed while a gradual increase of these contents was ob-
served from the phase of initiation to the phase of expression in untreated cut-
tings (Figure 9). Otherwise, analysis of peroxidase contents also showed a sig-
nificant difference in the induction phase as a function of auxin treatments in
both species. During this phase, peroxidase contents were also high in treated
cuttings and weak in untreated cuttings in both species (Figure 10 and Figure
11). During all the different phases, peroxidase contents in treated cuttings were
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Figure 8. Variation of polyphenol oxidasic activity against roots formation
phases in G. buchholzianum.
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Figure 9. Variation of polyphenol oxidasic activity against roots formation
phases in G. africanum.

always higher than the peroxidase contents in untreated cuttings in both species
(Figure 10 and Figure 11). However, the analysis showed a gradual decline of
these contents in induction phase in both treated and untreated cuttings in G.
buchholzianum (Figure 10). On the other hand, in the G. africanum species,
there has been a progressive decrease in the contents of peroxidases from the
induction phase to the initiation phase and a gradual increase in these contents
of the initiation phase to the expression phase (Figure 11). In view of the results
obtained, the soluble proteins are also involved in the formation of adventitious

roots.

3.5. Cellular Modification Bases on Cuttings during the Induction,
Initiation and Expression Phases

The cross-sectional aspects of cuttings bases were observed during the induction,

initiation and expression phases under an optical microscope (10 X). The
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Figure 10. Variation of peroxidasic activity against roots formation phases
in G. buchholzianum.
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Figure 11. Variation of peroxidasic activity against roots formation phases
in G africanum.

results showed a gradual intensification of cell division over time. This intensifi-
cation was shown to be super imposable to the initiation and expression induc-

tion phases during rhizogenesis in Gnetum (spp.) (Figure 12).

4. Discussion

The results obtained show that the use of auxins promotes the rooting of cut-
tings of Gnetum species regardless of the type of auxin used for the
pre-treatment. These results are similar to those obtained by [21], who showed
that the rooting of cuttings treated with auxins is much better than the rooting
of untreated cuttings during the study of the rooting of jojoba cuttings. These

results are also similar to those obtained by [22], who showed that semi-woody
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Induction phase Initiation phase Expression phase

Figure 12. Different Profiles of cellular divisions: induction phase (a), initiation phase (b)
and expression phase (c) in an optic microscope (10 X) (Bar = 1 cm).

cuttings pretreated with indole butyric acid (IBA), had the best rooting rates
compared to the rooting rate of untreated cuttings. On the other hand, our re-
sults are different from those obtained by [23] Bodjrenou et al, 2018 who
showed that NAA and IBA are ineffective in the rhizogenesis of Pterocarpus
erinaceus. Identical behavior is reported in Lovoa trichilioides [24] and Dacryo-
des edulis [25]. These authors showed that different concentrations of IBA. (0;
50; 100; 150 and 200 pg) or different types of hormones (NAA, NAA + IBA,
IBA) did not have a significant effect on the rooting of stem cuttings of Meli-
aceae and Burseraceae respectively. The results show that among the auxins used
(IBA, TAA and NAA), IBA treatment provides better rooting rates, followed by
IAA, then NAA respectively on cuttings. These results are similar to those ob-
tained by [26] and [21] in the study of rhizogenesis of semi-woody cuttings of
Simmondsia chinensis. These results do not take into consideration the types of
substrates used because [27] showed that the typical substrate factor significantly
influences the rate of rooting in the study of Cola acuminata cuttings.

Analysis of results also shows an increase in the content of phenolic com-
pounds in treatments where rooting is important. This content intensifies at the
initiation phase in G. africanum and the expression phase in G. buchholzianum
for almost all treatments. These results are similar to those obtained by [28] who
showed that phenolic compounds would be involved in rooting during the study
of adventitious root formation. These results suggest that phenolic compounds
would protect auxins against enzymes that destroy their structure or modify
them, making them more available in the cell. This would result in the free dif-
fusion of auxin molecules across the cell membrane without interaction with
other molecules. For this purpose, the phenolic compounds prevent the TAA
conjugation, increase its free quantity and increase the rooting of the plants by
regulating by inhibition, the exaggerated decarboxylation of the IAA especially
in case of injury of the plants. The main phenolic compounds involved are or-
tho- and para-diphenols, as well as methyl tri-phenols [28]. NAA is not decar-
boxylated and is activated by conjugation in contrast to IAA which is decar-

boxylated and conjugated. Therefore a high concentration of IAA is lowered by
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the phenolic compounds. The strong decarboxylation is observed from the first
days of the cuttings in the culture medium. Tri-phenols, O-diphenols and M-
diphenols reduce the decarboxylation of IAA, thus promoting cell division and
hence root set up. Monophenols have been suggested as IAA oxidase cofactors
and because of this, increase the decarboxylation of IAA. Coumarin acid has no
similar effect but mono-phenolic salicylic acid increases the decarboxylation of
IAA [28]. Some studies have shown that certain phenolic compounds (chloro-
genic acid, caffeic acid, catechol gallic acid and ferulic acid) play a role of rooting
cofactors, especially as protectors of IAA against oxidation. They are recognized
as competitive substrates for IAA-oxidase [29].

Moreover, the results show a high content of peroxidases and polyphenol
oxidases during the different phases of rhizogenesis for the treatment with the
best results of rhizogenesis. These results could be explained by the fact that the
genes of the proteins involved in root differentiation would be activated during
these phases. This quantity of protein synthesis is thus proportional to the con-
trol of multiple divisions and cellular interactions involved. Some authors [30]
reported through their work on mussel cuttings that the total protein content
increased very slightly during the first phase of root development. Similar results
were obtained with polyphenol oxidases in Gnetum africanum. On the other
hand, the different results were obtained with these polyphenol oxidases in the
species Gnetum buchholzianum and with the peroxidases in the two species. The
content of polyphenol oxidases was found to be high at the initiation stage in the
Gnetum africanum species at initiation phase. These results show that the pro-
tein content will vary according to the type of proteins and the genotype of the
species during the different stages of rooting. However, these auxins intervent in
the synthesis of proteins already present in the plant. Other authors [31] showed
that enzyme content begins to increase in IBA treatment in Pinus radiata during
the first day but intensifies at 7 days. These results are similar to the results ob-
tained during rhizogenesis in Gnetum (spp.). This trend would be proportional
to the amount of RNA, suggesting that high enzyme synthesis is preceded by the
synthesis of mismatched RN As. Many authors [30] noted an increase in soluble
enzyme content in the first phase of root formation. These results suggest that
enzymes that are likely to participate in rooting are mostly synthesized during
this period. Nevertheless, there is a low enzyme synthesis at the expression phase
for the treatments whose results are better, would mean that these enzymes are
at the end of their activity, leading directly to the appearance of the roots.

Overall, enzymatic activities showed significant variation in cuttings treated
with auxin compared to control in both species of Gnetum. Thus, exogenous
auxin supplementation enhances polyphenol oxidase and peroxidase activities in
individuals under stress caused by the injury. The considerable decrease in per-
oxidase in both species may be related to the detoxification of the cell by this
enzyme at the induction and initiation phases. This detoxification is focused on

the oxidation of certain substrates such as auxin. The purpose of this detoxifica-
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tion is to eliminate reactive oxygen species caused by wounds on cuttings frag-
ments such as [32] describes it in the case of stress caused by exogenous phenolic
compounds. However, at the root emergence phase, auxin becomes inhibitory to
the synthesis of this enzyme. There is a close correlation between this variation
and the establishment of roots and this in relation to the type of plant. More-
over, [33] reported the same observations on Olea europaea, concluding that the
decrease in peroxidase activity at the initiation phase was associated with the
ability of some plant species to generate roots. A slight increase in the activity of
this enzyme in the expression phase for control and auxin treatment in G
africanum is thought to be related to the genetic factors of the species. Regarding
polyphenol oxidases, the results showed a decrease in activity at the expression
phase in Gnetum africanum and an increase in activity at the expression phase
in Gnetum buchholzianum for all treatments. These results could be explained
by the fact that there would be a negative feedback control, inhibiting the syn-
thesis of this enzyme in the species in order to preserve a considerable stock of
phenolic compounds necessary for the cellular reconstitution in Gnetum afri-
canum. Increasing the content of peroxidases or polyphenol oxidases during the
expression phase in a particular species would result in the need for a large
amount of these enzymes for the oxidative phenomena necessary for rooting. In
addition, [33] have shown the action of polyphenol oxidases in the formation of
the IAA-phenol complex from IAA. This molecule is a cofactor for the forma-
tion of adventitious roots and their development. The activity of peroxidases and
polyphenol oxidases evolving almost in the same direction is contrary to the re-
sults obtained by [33] who showed that the peroxidases and polyphenol oxidases
varied inversely, which coincides with the mitotic dynamism that governs the
formation of meristems. There are intrinsic factors such as the genetic factors

that would influence these different activities for root formation.

5. Conclusion

The results obtained showed that the auxins treatments and particularly the IBA
improve the rooting rate of cuttings in Gnetum africanum and Gnetum buchho-
Izianum. At the end of the results obtained, treatment with IBA at 150 mg/1 gives
the best rooting rate in both species of Gnetum. Moreover, biochemical markers,
in this case, the phenolic compounds as well as soluble peroxidases and polyphenol
oxidases have shown their involvement in rooting in these two species of Gne-
tum. Phenolic compounds as well as peroxidases and polyphenol oxidases
would, therefore, be good biochemical markers directly involved in the control
of root formation in Gnetum (spp.).
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