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ABSTRACT

The objective of this study was to evaluate the potential of rooting of podocarpos cuttings in function of the
number of leaves, concentrations of IBAd phytorregulators, application methods and cutting seBgomexperiments
were carried out under weaning conditions, in a factorial scheme containing 3 replicates of 15 cuttings, the first with 4
concentrations of IBA, 3 leaves at the cuttings and 2 seaBoese were removed August/2016 and January/2017,
prepared with 10 cm in length and immersed in solutions for 10 s. In the second experiment three types of phytoregulators
and 2 application forms were tested (slow and quick immersion). Cuttings were prepared in the same manner as in the
first experiment, maintaining 4 leaves. The bases of the cuttings were immersed for 10 s and 24 h in the solutions, then
taken to rootAfter 100 days of experimentation, it was concluded that cuttings collected in the summer had a higher
percentage of rooting, 4 leaves and IBA concentration should be maintained between 750 and’800ergist form
of application of phytoregulator is by rapid immersion.

Keywords: Podocarpus maophyllus(Thunb.) D. Don; landscaping; cutting; plant growth regulator

INTRODUCTION seedlings caused by geneticiahility. An alternative to

The podocarp is classified as a gymnospemqpe sexual multiplication is cutting (Farjon, 2010).

belonging to the family Podocarpaceae and to the genus The use of cutting as an alternative allows to obtain
Podocarpud ’'Hér. ex. Pers., being its specRsdocarpus  1arge quantity of seedlings from a single plant, in a short
macmophyllus (Thunb.) Sweet (synonynTaxus time, being a technique of low cost and easy execution.
macrophyllaThunb.) with center of origin in China and However it becomes unfeasible when the species presents
Japan (Lorenzi & Souza, 2013). The genus is widesprelflv genetic potential of rooting, resulting in few seedlings
in these countries, as well as in parts of Southesis;  (Fachinelloet al, 2005). In the work carried out by
being used in Japan as a bonsai and cultivated as a hebge@serrathet al (2007), the production of seedlings of
(Farjon, 2010). Is also popularly known as buddha pirfeodocarpus oleifoliusind Prumnopitys montanavas
and is widely used as an ornamental plant, characteriziitide from apical cuttings of young plants, since the use
a columnar shape little tree (Mondinal,, 2010). of medium cuttings of these species did not obtain desired
Subtropical frost tolerant plant and containmensuccess in rooting.
prunings for topiary purposes, its cultivation can be done Among the factors that may affect the rooting of
directly on the soil, preferably fertile and humid, with goodtuttings are the internal factors, such as the physiological
drainage, growing well in full sun or partial shade. Theondition of the mother plant and its age, type of cutting,
propagation is by seeds, howegviere is a dffculty in  time of year of picking, among othefss external factors,
obtaining it, besides the lack of uniformity in obtainingt is possible to mentionemperature, light, humidity
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substrate and conditioning of the branches before cuttinaelonging to the Experimental Station of Horticulture and
The position of the stem in the branch, its degree &frotected Culture of Unioest@ampudvarechal Candi-
lignification, quantity of reserves, type of substratedo Rondon (PR), under geographic coordinates of latitu-
genotype, sanitary conditions of the mother plant mage 24°33'22"S and longitude 54°03'24,Ahd altitude of
also influence rooting, also stressing that the results capproximately 400 m.

be potentiated with or the use of phytoregulators Both experiments were conducted under screen
(Hartmanret al,, 2011). conditions with 50% shading. For the first experiment, the

The use of phytoregulators has the purpose of induciegperimental design was a randomized block design with
the rhizogenic process, increasing the percentage @4 x 3 x 2 factorial design [0, 500, 1000 and 1500 rhof L
cuttings that form roots, the number and quality of thimdolebutyric acid (IBA) x 4, 6 and 8 x 2-leaf cuttings (end
roots formed and the uniformity in rooting. Indolbutyricof winter-August/2017 and summer-January/2018)],
acid (IBA), which has been the most widely used auxin, i@sulting in 24 treatments, containing 3 replicates and 15
photostable, localized, persistent, non-toxic in a wide raauttings per replicate, totaling 1080 cuttings.
ge of concentrations and not degraded by biological action. To prepare the solution of the phytoregulatioe IBA
In addition, this product is poorly mobile at the cuttingwas weighed on a precision scale and then diluted in 0.1 L
staying longer at the application site. Other phytoregulatoo$ ethyl alcohol hydrated and added with 0.1 L of distilled
can be used such as naphthalene acetic acid (NAA) amdter, resulting in 0.2 Lof the final concentrations (500,
indoleacetic acid (IAA) (Fachinellet al, 2005). 1000 and 1500 mg}, respectively).

These synthetic products can be worked in the form The matrix plants were purchased from ornamental plant
of talc or in solution. When used in solution, it can b@roducers in the municipality of Marechal Candido
diluted, which corresponds to a solution whos®&ondon, transplanted to 12 L polyethylene containers
concentration ranges from 20 to 200 my The cutting containing a mixture of latosol, sand and organic matter
base should be held in contact for a longer immersida:1:1, v/v/v), acclimatized in nursery for 90 days and with
time in the solution, usually 24 h, in a shaded locatiomelevant cultural practices (fertilization, irrigation and pest
Another way to use the solution is concentrated, whicind disease care).
corresponds to concentrations ranging between 200 and With the aid of a pruning shear branches were removed
10,000 mg t* and should remain in contact with the baséom these matrix plants as a whole. From these branches,
of the cutting for a shorter time, around 5 s. the cuttings, prepared with 10 cm in length, were discarded,

Ferreiraet al. (2009) working with diluted solutions and the remaining 4, 6 or 8 leaves per cutting were
and concentrated at different times of the year for semiiaintained according to the treatment. Then the bases of
hardwood cuttings oBapium glandulatungVell.) Pax the cuttings were immersed for 10 s in the previously
obtained that treatments with diluted solutions did ngirepared IBA solution. For the control treatment (without
show an effect on rooting of cuttings, regardless of tH8A), the bases of the cuttings were immersed only in
concentration of IBA, with a high mortality rate, with thedistilled water
highest percentage observed in concentrated solutions. For the second experiment, the experimental design
These results for diluted solutions may have occurradas randomized blocks, in a 3 x 2 factorial scheme [3 types
because of a characteristic of the species, which requifphytoregulators (IBA, NAA and IAA) x 2 application
concentrated solutions. forms (slow immersion and quick immersion)], resulting in

Itis important to emphasize that exposure for a longér treatments, containing 3 replicates and 15 cuttings,
time, as well as the use of very high concentrations, céatalizing 270 cuttings. The cuttings were removed from
cause phytotoxic effects, such as inhibition of bud growtlthe matrix plants in december 2016 and prepared in the
yellowing and leaf fall, or even death of the cuttingsame manner as in the first experiment, with 4 leaves per
(Hossairet al, 2019). In view of the above, the objectivecutting and discarding the apical portion.
of this work was to evaluate the potential of rooting of For the preparation of the solutions containing IBA,
podocarp cuttings in function of the number of leavesAA and NAA, each of the phytoregulators to be tested
IBA concentration, cutting time and also the rootin@ccording to the previously established treatments
potential of the cuttings using phytorregulators in &vere weighed into an analytical precision balance,
application methods. followed by slow immersion, dilution of the phytoregu

lators in 0.25 Lof ethyl alcohol hydrated at 46.Z51.,
MATERIAL AND METHODS the volumes were filled with water to 0.5 L after comple-

Two experiments were carried out in the sequencts dilution and for quick immersion the dilution of the
both developed at the Protected Cultivation and Biologicghytoregulators occurred in 0.1 L of the same alcohol
Control Station “Professor Doctor Mario Cesar Lopes’as above, with volume subsequently supplemented
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with water to 0.2 L after the total dilution. In this way aof leaves. The results found in this work corroborate
final solution of 200 and 1000 mg*lconcentration of Bischoffet al (2017), who also verified that the rooting
each phytoregulator was obtained for slow and quiadf cuttings of whiting is independent of the number of
immersion, respectively leaves present.

For the rapid immersion treatment, the bases of the The presence of leaves in semilenous or herbaceous
cuttings were immersed for 10 s in the previously preparedittings may favor rooting, probably due to the
solutions of phytoregulators and in the slow immersioproduction of rooting cofactors in these organs. On the
treatment, they were kept immersed for 24 h in thether hand, there is an increase in the transpiration surface,
solutions. In both experiments, immediately after theshich indicates a need for greater nebulization care
treatments, the cuttings used were arranged in a maso(fFachinelloet al, 2005) Although there is no statistical
bed containing medium texture sand, which was prelifference between the number of leaves, it is recommen-
viously disinfected using 1 L of sodium hypochloriteded to avoid excessive removal in the preparation of the
diluted in 10 L of water and distributed by the extensionuttings, considering that this practice can facilitate the
of the bed with the aid of a watering can. attack of pathogens, due to the injuries. This process also

The visual control of pests and diseases, both in tihneakes the preparation costijue to the need for more
parent plants and in the removed cuttings, was carriéabor and time (Peng al, 2016).
out weekly and when necessarmggricultural pesticides This result is based on the greater vegetative growth
were used. The active principle used was Chlorpyrifgeresented in this period (summer), facilitating root growth
and also mineral oil. Irrigation was carried out daily by & general (Fachinellet al, 2005). Similar situation was
sprinkler irrigation system, operated for 5 min and averageund by Pivettaet al. (2012) working withNerium
intervals of 1 h, with a flow rate of 1.17 x4M3 st. The oleanderL. cuttings, which verified that the percentage
mean temperature during the experiment was®2ahd of rooting of cuttings collected in the summer was also
the relative humidity was 73.14%. higher Associated with the vegetative growth, greater

After 100 days of experimentation, the percentaggroduction of free auxins is found in apical meristems and
of rooted and callous cuttings, number of roots angbung leaves, being the main sites of hormone synthesis
length of the largest root (cm) were evaluated in eadhaizetal, 2017).
of the two experiment®Vithin each replicate containing  For rooted cuttings, the interaction between cutting
15 cuttings, 5 cuttings were randomly analyzed. Theseasons and IBA concentrations is observed in Figure
had the roots thoroughly washed in running water aridA, with the cuttings being removed in the summer which
dried on paper towel. For the variables that involvedad greater rooting when compared to the cuttings
percentage (rooted cuttings and chalked cuttings) tleellected in the winteindependent of the concentration
count was made and then the percentage was calcub& phytoregulator used.
ted. For length of the largest root, a graduated ruler Podocarp cuttings removed in the winter did not
was used for measurement. present significant difference in the percentage of rooting

The means of the qualitative variables obtained wene the IBA concentrations tested, as verified in the work
submitted to the analysis of variance, and were comparefiPretiet al. (2012), withPhysocalymma scaberrimum
by Tukey’s test, 5% error probability and the mean of thBohl. cuttings taken between May afdgust treated
quantitative variables submitted to the regression usimgth IBA. In this work, cuttings removed in the summer
the statistical software Sisvar (Ferreira, 2011). The datdtained better results when treated with 783.00 g L
related to the number of leaves and roots were transformagkreasing in a quadratic form after this concentration,
tolog (x +0.5). indicating possible phytotoxicity of the phytorregulator

RESULTS AND DISCUSSION

For the first experiment, significant interaction wasraple 1:Percentage of rooting of podocarp cuttings witfectit
observed only for times x number of leaves, times mumbers of leaves and seasons for do cuttings

concentration of IBA and number of leaves at the cuttinggz 5o for
x concentration of IBATable 1 shows the significant 4o cuttings

Number of leaves

4 6 8
interaction between seasons x number of leaves. Winter 10.00 bA* 0.46 bA _ 13.86 bA
It was noted that, regardless of the number of IeavgﬁmmeIr 75.00 aA 80.00 aA 73.33 aA
remaining at the time of cutting, there was no difference
CV (%) 16.78

within the seasons of staking. Howeveosmparing the .
eans followed by the same lowercase letter do not differ from

*
S?asons_’ cuttlr)gs rem(.)ve'd in the summer prese”ﬁ,fa%h other in the column and uppercase letter in thelpWukey's
higher rhizogenic potential, independently of the numbesst, at 5% probability of errofransformed data for log (x + 0.5).
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Similar results were found for other ornamental speciese between the amount of auxin and carbohydrates at
such advialvaviscus arbagusCav andHibiscussp. L, the cutting, which is why the leaves are important
presenting better rooting percentages with IBA use (fromrgans, because they have the capacity to synthesize
10.46 to 31.76% fdvalvaviscus arboreuand from 70to auxins and at the same time produce and store reser-
95.60% of rooting foHibiscussp. L.), although in high ves, as well as being responsible by the synthesis of
concentrations the number of rooted cuttings hgshenolic compounds that possibly aid in rooting and
decreased (Lo%t al, 2009, Pizzattet al, 2011), factthat survival of cuttings (Pacheco & Franco, 2008).
the authors also attributed auxin phytotoxicity However caution is needed because leaves on

It is possible to observe that the use of IBA promotecuttings can also impair rooting due to sweating and
an increase in the number of rooted cuttings in relation éxcessive dehydration (Siled al., 2015).
the treatment that did not use the phytorregujatiod it Considering the above statements, 4-leaf cuttings may
can be observed that when the endogenous auxin contieate been better because they offered a sufficient amount
is insufficient, the application of synthetic auxin isof carbohydrates for cutting maintenance during the
important to promote a hormonal balance which favor®oting period, together with a balanced transpiration
rooting of cuttings (Fragoset al, 2017). surface, being complemented by the exogenous auxin up

Figure 1B shows a significant interaction betweelto the maximum calculated point (775 mé) Lan amount
number of leaves and IBA concentrations, with @onsidered ideal for the species.
higher percentage of rooting in cuttings containing 4 Figure 2 shows the results of the callus cuttings, with
leaves and treated with 775 mg &f IBA. In order for  significant interaction for number of leaves and IBA
there to be an efficient rooting, there must be a balanencentrations.
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Figure 1:A. Percentage of rooted cuttings as a function of cutting seasons associated withdBtrations (mg1). B. Percentage
of cuttings rooted according to the number of leaves associated with IBA concentrationy.(mg L
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Better results with less number of callous cuttings camation applied in cuttings causes a root stimulating effect
be observed in cuttings containing 4 leaves associatep to a maximum value, from which any addition of auxins
with 625 mg L* of IBA. The low percentage of callous has an inhibitory effect. This inhibition in the formation
cuttings probably occurred due to the greater rooting of roots in cuttings with larger leaves may be a hormonal
cuttings containing 4 leaves, in concentration near IBAlteration caused by the supply of exogenous auxin, since
Similar result was found by Limet al (2011), with an the adequate content of exogenous auxin for rooting
inverse relationship between callus formation and rootirdepends on the concentration of auxin present in the tissue
of Camellia sinensi¢L.) Kuntze cuttings. (endogenous) (Paules al., 2014).

In cuttings containing 6 leaves, a great number of calli Similar results were found in olive cuttings by Penso
were found (Figure 2), but, antagonisticadljower presence et al (2016). In the experiments carried out in June and
of roots in these stakes (Figure 1B). The presence of calMsrch, when comparing the number of leaves, the cuttings
in the base of the cuttings presented an inverse relationsttipt had 4 leaves had a higher percentage of callus, close
with root formationAlthough during the rhizogenesis, oneto 100%, when compared to those that did not contain or
of the phases for the formation of new adventitious roots@®ntained 2 leaves. This leads to the understanding that
the cellular multiplication, characteristic also in theghe maintenance of the leaves and metabolic activities
development of calluses, both are independent events, timetreases the formation of calluses, regardless of the
can occur simultaneously without having a direct relatioconcentration of IBA, evidencing that the concentration
between the formation of calluses and rooting (Hartmarof endogenous auxin in these cases is sufficient to
etal, 2011, Silvaet al, 2015). stimulate tissue dedifferentiation and consequent callus

The leaves have the function in the rooting oformation.
cuttings related to photosynthesis and supply of Observing the number and length of roots, it was
nutrients, auxins and rooting cofactors, which are takesbserved that both reached superior results when the
to the base of the cutting. Howey#thre leaves represent cutting was performed in the summer in detriment to the
a transpiratory surface, so nebulization is used and ondynter (Table 2), corroborating Pivettd al (2012) when
2 or 3 leaves are kept at the cutting (Lietal, 2011, them studiedNerium oleandeL. cuttings, removed in
Fachinelloet al,, 2005). winter and summeiwobserved that the summer cuttings

The fact that the cuttings with the highest number okached average number and average length of upper
leaves present a higher percentage of callus may be relatedts. This fact can be explained by the reduced
to the addition of the exogenous auxin, since by theoncentration of rooting promoting substances present
amount of leaves present, this phytoregulator woulich the cuttings during the winter period, in relation to
already be in stitient quantity Fachinellcet al. (2005) the vegetative development season (summegn@lo
assure that the increase of the exogenous auxin concenal, 2014).

20.0

Percentage (%) of calloused cuttings

10.0 Y4=2742 - 0.0025x + 00000022 R2=98
Y6=2403 +00011x - 00000009 R2=83%
Y8 =2336 - 0.0009x +0.0000006x2 R2=79%
5.0
0.0

0 500 1000 1500
Concentrations of IBA(mgL?)

¢ 4 Leaves A 6 Leaves ® 8 Leaves

Figure 2: Percentage of callus cuttings as a function of number of leaves and IBA concentrations.
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Table 3 shows the results for percentage of rootin@fachinellcet al, 2005). This may justify the oxidation of
percentage of callous cuttings, average number of rodte treated cuttings in slow immersion because the
per stem and average length of the largest root, referringncentration used in association with the alcohol and
to the second experiment. Significance was verified onthe time of exposure of the stake to this solution may
for the type of immersion, regardless of the type diave favored the necrosis.
phytoregulator used. Ferreiraet al (2009), when working with cuttings of

For rooting (%) of podocarp cuttings submitted t&Sapium glandulatuniVell.) Pax in slow immersion (16
these treatments, a better performance was observealrs) of phytoregulator solution with concentrations of
when using quick immersion, presenting 57.06% d200 and 400 mgLobtained 0% of rooted cuttings and
rooting, whereas, when using slow immersion, no rootingalloused cuttings, with 100% dead cuttings.
was obtained (@ble 3), visualizing oxidation of the = The number of roots per stem observed when using
cuttings. The amount of the absorbed phytoregulattine quick immersion was 6.06 and, once again affirming
depends on the environmental conditions surroundirige superiority of this method of application of phytorre-
the site, cutting type and species. The results foumuilator ForSequoia sempeirens(D. Don) Endl., which
may be characteristic of the species, demonstrating thelongs to the same order as tRedocarpus
it requires higher concentrations of phytorregulatomacrophyllus(Thunb.) Sweet, pinales, cuttings may
(Fachinelloet al., 2005). present problems in rooting and low root production,

For callous cuttings, it was observed a bettewhich may the survival of seedlings.
performance with slow immersion, with 0% of callous Considering that this is a gymnosperm, it can be said
cuttings, whereas in quick immersion it reached 41.46% tifat the evaluation of the experiment in 100 days and the
callousing. Fachinellet al. (2005) cite that rooting and number of roots reached in the treatment of the study
calebing are independent events, and the formation gffecies, podocarp, was satisfactory conditions.
callus is not a guarantee of the formation of adventitious The length of the largest root was 3.36 cm in quick
roots, so there is no direct relationship in rooting anienmersion, while in slow immersion the cuttings did not
calebing. In this way it is important to have a lowepresent root formationTofanelli et al (2003) found
percentage of callousing and greater rooting. However positive results for use of the quick immersion method, in
should be noted that the cuttings submitted to the slomhich the length of the largest root was superior by this
immersion treatment showed oxidation. method compared to the slow immersion method for peach

It is important to note that the stimulatory effect otuttings.Another reason for the slow immersion method
roots from the increase of the exogenous auxito resultin pile oxidation and non-rooting and non-gaging
concentration is given up to a maximum limit, from whichmay be the effect of the environment during the slow
any increase leads to an inhibitory effect, phytotoxicitymmersion treatment, since the absence of a misting

system, for example, may have favored the dehydration
Table 2:Number of roots and length of thegast root in podocarp of the cuttings and subsequent excessive absorption of
seedling rooted in two seasons the IBA solutions by the ones that, instead of the regulator
stimulate, inhibited the rooting.

Seasons for Number Length of deri he f entifi dies f din th
do cuttings of roots thelargest root cm) _ Considering the few scientific studies _oun in t_e
- literature, future research may be carried out with
Winter 8.49 b* 2.02b d inlv in the f i d i f
Summer 11.46 a 1047 a po ogarp, mainly in the formation and prepara |on.o
seedlings, as related to the forms of use (talc and solution),
CV (%) 29.71 21.13

type of phytorregulator and other intrinsic and extrinsic
* Means followed by the same lowercase letter do not differ in thF . . . S
column, byTukey's test, at 5% probability of errofransformed actors tha‘_t interfere Il’.l the cutting, as well as monitoring
data for log (x + 0.5). the formation of seedlings.

Table 3:Percentage of rooting, percentage of callus cuttings, average number of roots per cutting and average lengtsofaoe lar
in podocarp seedling rooted with 2 types of immersion in solutions of phytorregulators

Type of immersion Rooting Calloused cuttings Numberiof Length of t-he largest
%) %) roots/cutting root /cutting (cm)

Quick 57.06a* 41.46a 6.06a 3.36a

Slown 0.00b 0.00b 0.00b 0.00b

CV (%) 14.12 17.61 12.17 14.60

*Means followed by the same lowercase letter do ndedih the column, byTukey’s test, at 5% probability of error
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