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ABSTRACT

This work evaluated the rooting Bfnus caribaea var. hondurensis Morelet cuttings under the actdrdifferent
levels of plant growth regulators. The cuttings sisted of 4-6 cm long shoots Bf caribaea var. hondurensis
Morelet with their basal needles removed. The basat of the cuttings were treated for 2 secondth wie
following treatments: 1- NAA 2000mg-L2- NAA 4000mg t; 3- NAA 6000mg t; 4- NAA 2000mg t + PBZ
100mg [*; 5- NAA 4000mg t + PBZ; 6- NAA 6000mgt+ PBZ; 7- IBA 2000mg t; 8- IBA 4000mg L; 9- IBA
6000mg [} 10-IBA 2000mg ©* + PBZ; 11- IBA 4000mgt + PBZ; 12- IBA 6000mgt+ PBZ; and a control.
After receiving the treatment, the cuttings werangd in tubes containing 50% carbonized rice halsl 50%
vermiculite. The evaluations, performed 60 daysrgftanting, showed tha. caribaea var. hondurensis cuttings
treated with IBA produced a higher percentage afted cuttings than those treated with NAA, the nedfgictive
treatment was IBA 4000mg'lplus 100mg L paclobutrazol.

Key words: Auxins, paclobutrazoRinus caribaea

INTRODUCTION desired individual characteristics are maintained,
resulting in a plant that is genetically identical to
Cloning or vegetative propagation of trees haghe original donor plant, thus becoming the
been a useful tool in traditional tree improvementpreferred method of propagation (Oliveira, 1989).
and the great promise of clones is for productiofonifers may be vegetatively multiplied in several
forestry (Libby, 1986). The majority of different ways, for example via grafting, cuttings,
gymnosperms, especially in the gerRigus are adventitious shoots or somatic embryos.
sexually propagated by seeds. With regard to larggomercial production oPinus radiataby tissue
scale propagation and preservation of selectegllture methods is in development in New Zealand
genetic characters, sexual reproduction poses (&leed, 1985). Propagating plants with particularly
risk of loss of these characteristics. On the othetesirable characteristics is a very common practice
hand, vegetative propagation is the form by whiclin horticulture, used extensively with some
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forestry species, particularly in high productivity,cells are dependent upon either applied or
fiber farming systems (e.g., plantations of hybridendogenous auxins (Stromquist and Hansen, 1980;
poplars, eucalyptus, and Caribbean pines). RootinGaspar and Hofinger, 1988). IBA has been found
in Pinus cuttings depends on a series of factorso occur naturally.

that can be controlled by cutting collection time, The formation of root primordium cells depends
cutting size, whether the needles are kept or nobn the endogenous auxins in the cutting and on a
condition and age of the source plant, plansynergic compound such as a diphenol. These
nutritional condition, prunning, type and health ofsubstances lead to the synthesis of ribonucleic acid
the cutting, season when the cuttings are collecte(RNA), which act upon root primordium initiation
rooting-promoting treatments, condition and typgHartmann et al., 2002). The application of some
of substrates, irrigation, moisture, temperature, anglant growth retardants, together with auxin, has
other factors (Silva, 1985). been used to improve the rooting capacity of
The process of root formation at the base of auttings in some species (Pan and Zhao, 1994;
cutting may be divided into three stages: initiationWiesman and Lavee, 1995). Triazoles have been
elongation of root initials, and root growth andreported to affect some physiological processes
development (Hartmann et al., 2002). Threealuring rooting (Davis and Haissig, 1990; Wiesman
groups of chemicals may be applied to regulatand Lavee, 1995). Paclobutrazol (triazol), a
and/or influence the rooting process in some waygibberellin synthesis inhibitor (Rademacher et al.,
a) hormones, which induce the initial meristematicd984), keeps the gibberellin levels in the cuttings
activity (Wiesman et al., 1989; Davis and Haissigat low values; gibberellins are considered
1990) and stimulate the elongation andsubstances that inhibit rooting (Hartmann et al.,
development of roots formed (Hartmann et al.2002). Moreover, paclobutrazol increases the sink
2002; Wiesman et al.,, 1989); b) nutritionalcapacity at the base of the cutting for
elements which promote growth of the new rootgarbohydrates and/or hormones (Wiesman and
(Wiesman and Lavee, 1995); c) protecting agent$avee, 1995). Thus, the objective of this work was
such as biocides, which enable the cuttings tto analyze the rooting potential Bfinus caribaea
resist attack by pathogens during the entire rootingar. hondurensisMorelet cuttings under the action
period. of different concentrations of plant growth
Studies on the physiology of auxin action showedegulators.

that auxin was involved in such varied plant

activities as stem growth, adventitious root

formation (Went, 1934; Haissig and Davis, 1994)MATERIALS AND METHODS

lateral bud inhibition, abscission of leaves and

fruits, and activation of cambial cells. Indole-3-Pinus caribaeavar. hondurensisMorelet shoots
acetic acid (IAA) was identified as a naturallywere collected from a clonal garden. The cuttings
occurring compound having considerable auxirwere 4 to 6cm in length with the basal needles
activity (Haissig and Davis, 1994). IAA was eliminated. Later, the cuttings were treated with
subsequently tested for its activity in promotingplant growth regulators, planted in tubes and taken
roots on stem segments, and in 1935, investigatots a intermitent mist system in a enclosed
demonstrated the practical use of this material ipolyethylene propagation house for 60 days. The
stimulating root formation on cuttings (Thimanncuttings were treated with two auxins, indole-3-
and Koepfli, 1935). About the same time it wasputyric acid (IBA) anda-naphthalene acetic acid
shown (Zimmerman and Wilcoxon, 1935) that two(NAA), and with paclobutrazol (PBZ), by
synthetic materials, indole-3-butyric acid (IBA) immersing the base of the cuttings in a gel solution
and a-naphthalene acetic acid (NAA), were evenfor 2 seconds. The following treatments were
more effective than the naturally occurring orused: 1- NAA 2000mg Tt 2- NAA 4000mg L*;
synthetic IAA for rooting. Today, IBA and NAA 3- NAA 6000mg L 4- NAA 2000mg [* + PBZ

are still the most widely used auxins for rooting100mg L*; 5- NAA 4000mg L' + PBZ; 6- NAA
stem cuttings and for rooting tissue-culture-6000mg L* + PBZ; 7- IBA 2000mg L; 8- IBA
produced microcuttings. It has been repeatedl000mg L*; 9- IBA 6000mg L*; 10- IBA 2000mg
confirmed that auxin is required for initiation of L™ + PBZ; 11- IBA 4000mg [ + PBZ; 12- IBA
adventitious roots on stems, and indeed, it ha000mg ! + PBZ; and a control.

been shown that divisions of the first root initial
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After treatment, the cuttings were planted in tubeplant growth regulator was effective in promoting
containing 50% carbonized rice hulls and 50%ooting in cuttings of this species. NAA at 4000
vermiculite. Evaluations were performed 60 daysind 6000 mg L showed lower rooting
after planting, including: rooting percentage, totapercentages. The increase of NAA concentration
sugars contents, reducing sugars contents amehs accompanied by the rooting percentage
phenol contents. The biochemical analyses werdecrease, suggesting  that  high NAA
conducted with cutting samples on the day theoncentrations were phytotoxic for the root
experiment was started and at the end of th®rmation process. Thus, it could be suggested that
experiment. The total phenol content analysiB.in the concentration that promoted the highest
caribaeavar. hondurensiuttings was performed rooting percentage was between 0 and 2000thg L
according to the official method prescribed by thel'hrough statistical analysis, it was observed that a
Association of Official Analytical Chemists - significant difference occurred between treatments
A.O.A.C. (1984), adapted by Skorupa et alcontaining IBA and the control (F= 24.20), but no
(1998). The total sugars and reducing sugaddifference was observed between the different IBA
analyses were performed by the Somogy-Nelsoooncentrations used. A value of 95.31% rooted
method (Nelson, 1944). cuttings were observed at the concentration of
The experiment was carried out as a complete#000 mg L* IBA (Table 2). With regard to
randomized design with 13 treatments containingreatments with and without PBZ, no significant
4 replicates with 8 cuttings each. The data werdifferences were observed, i.e., they did not
submitted to analysis of variance (F test) and theontribute towards the root regeneration process.
means compared by Tukey test at the 5%\.ccording to Wiesman and Lavee (1995),
probability level. The data were transformed intgpaclobutrazol applied in combination with IBA

arc sin sqgrt((x + 0.5)/100) for statistical analysis.

RESULTS AND DISCUSSION

Percentage of rooted cuttings

A significant difference in NAA concentrations (F Wang,

= 19.89) was observed fd?. caribaeacuttings.

increased the rooting capacity of cuttings, by
increasing root formation. This plant growth
retardant has effects on the partition of
photoassimilates, on the water status of the
cuttings, and has been described as a promoter of
adventitious roots in many species (Steffens and
1986). Paclobutrazol, in addition to
stimulating root growth, as also mentioned by

The rooting percentage in the NAA 2000 mg L Davis et al. (1985) and Steffens and Wang (1986),
treatment (53.13%) was higher than in otheincreased rooting potential in this work.
treatments (Table 1), therefore, indicating that this

Table 1 - Average rooting percentage Binus caribaeavar. hondurensisMorelet, submitted to NAA treatments
with and without the addition of paclobutrazol (BBZ

Treatments with PBZ® | without PBZ® | Mean™?
Control 31.25ns
NAA 2000mg L 59.38 46.88 53.13 Ba
NAA 4000mg L* 18.78 9.38 14.08 Bb
NAA 6000mg L* 0.00 15.63 7.81 Bb
Mean 26.05A 23.96 A
C.V.= 41.75%

#Means followed by different capital letters in the rows andlkletters in the columns are significantly different (Tukest &t
p<0.05); ns= non significant.

PMeans followed by different capital letters in the mean calane significantly different of the table 2 mean column (Tukey test
at p< 0.05).

The percentage results of rooted cuttings treategffective in initiating roots in this species at these
with NAA or IBA showed that cuttings treated concentrations. Nelson et al. (1992), using four
with IBA presented, significantly, a higher rootdifferent auxins (IAA, IBA, NAA, and indole-3-
formation response in comparison with NAA (F=propil) in P. taeda P. elliotti var. elliotti, andP.
6.90), suggesting that this auxin was morgalustris showed that IAA and IBA presented
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good results, while NAA and indole-3-propil sugars content, while those treated with 2000 mg
showed poorer results in the rooting of cuttings of.™* NAA and 4000 mg L* IBA + PBZ showed the
these species. When IBA is applied to stenmighest total sugars content (Tables 3 and 4). The
cuttings or microcuttings to stimulate rooting, it is,same treatments showed the highest rooting
in part, converted to IAA (Vander Krieken et al., percentages (Tables 1 and 2). The total sugars
1992). IBA may also enhance rooting viacontent analysis irPinus cuttings, immediately
increased internal-free IBA, or may synergisticallyafter they were prepared, before being placed in
modify the action of IAA or the endogenousthe rooting medium was 14.63%. Thus, a
synthesis of IAA; IBA can enhance tissuereduction higher than 50% in total sugars content
sensitivity for IAA and increase rooting (Vanderfrom the beginning of the rooting process until the
Krieken et al., 1993). evaluation period was observed, indicating the use
According to Hartmann et al. (2002), IBA is theof these sugars in the process.

best auxin for general use because it is nontoxic to

plants over a wide concentration range than NAAReducing Sugars Contents

and is effective in promoting rooting of a largeThe statistical analysis showed a significant

number of plant species. difference between treatments with NAA or IBA
and the control for reducing sugars content. In
Total Sugars Content treatments with NAA there was a significant

There was a significant difference between thénteraction between NAA concentrations and the
control and the other treatments (F= 18.82 and Fpresence or not of PBZ. Among the NAA
75.51, respectively) forP. caribaeae cuttings treatments, 6000 mg”'LNAA and 2000 mg L
treated with either NAA or IBA. A significant NAA + PBZ showed the highest reducing sugars
interaction was also observed between NAA ocontents, while the lowest content was shown by
IBA concentrations and the addition or not of PBZthe 2000 mg I NAA treatment. The treatments
(F= 8.32 and F= 5.44, respectively) on total sugarsontaining IBA at 6000 mg £ and IBA at 2000
content. mg L* showed the lowest and highest reducing
Cuttings treated with 4000 mg'LNAA + PBZ  sugars contents, respectively (Tables 5 and 6).
and 6000 mg [ IBA showed the lowest total

Table 2 - Mean rooting percentage ®finus caribaeavar. hondurensisMorellet cuttings, submitted to IBA
treatments with and without the addition of pacloazol (PBZ).

Treatments | with PBZ? | without PBZ® | Mean® "
Control 31.25*
IBA 2000mg L* 93.75 84.38 89.06 Aa
IBA 4000mg L* 100.00 90.63 95.31 Aa
IBA 6000mg L* 78.13 84.38 81.25 Aa
Mean 90.63 A 86.46 A
C.V.=23.11%

& Means followed by different capital letters in the rows amall letters in the columns are significantly different (Tutesst at
p<0.05). *significant at g 0.05.

®Means followed by different capital letters in the meanmolare significantly different of the table 1 mean column (Tuksty te
at p< 0.05).

Table 3 - Mean total sugars contents Rinus caribaeavar. hondurensis Morelet cuttings, submitted to NAA
treatments with and without the addition of packohzol (PBZ).

Treatments | with PBZ® | without PBZ® | Mean®
Control 6.56*
NAA 2000mg L* 4.86 Ba 7.61 Aa 6.23
NAA 4000mg L 3.91Bb 6.81 Ab 5.36
NAA 6000mg L** 4.71 Ba 6.22 Ab 5.47
Mean 4.49 6.88

C\V.=6.42%
#Means followed by different capital letters in the rows andlktetters in the columns are significantly different (Tukest
p<0.05). *significant at g 0.05.
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Table 4 - Mean total sugars contents Rinus caribaeavar. hondurensisMorelet cuttings, submitted to IBA
treatments with and without the addition of packoazol (PBZ).

Treatments | with PBZ® | without PBZ? | Mean®
Control 6.56*
IBA 2000mg Lt 5.35 Aa 5.28 Aa 5.31
IBA 4000mg Lt 5.40 Aa 4.50 Bb 4.95
IBA 6000mg Lt 5.27 Aa 4,16 Bb 4.71
Mean 5.34 4.64
CV.=6.41%

*Means followed by different capital letters in the rows andlkletters in the columns are significantly different (Tukest &t
p<0.05). *significant at g 0.05.

Table 5 - Mean reducing sugars contentsFimus caribaeavar. hondurensisMorelet cuttings, submitted to NAA
treatments with and without the addition of pacloarol (PBZ).

Treatments | with PBZ® | without PBZ? | Mean®
Control 4.87*
NAA 2000mg L* 6.70 Aa 4.75 Bc 5.72
NAA 4000mg L* 5.05 Bb 5.71 Ab 5.38
NAA 6000mg L** 5.45 Bb 7.00 Aa 6.22
Mean 5.73 5.82
C.V.=6.04%

#Means followed by different capital letters in the rows andlkletters in the columns are significantly different (Tukest &t
p<0.05). *significant at g 0.05.

Table 6 - Mean reducing sugars contentsHimus caribaeavar. hondurensisMorelet cuttings, submitted to IBA
treatments with and without the addition of packoazol (PBZ).

Treatments | with PBZ? | without PBZ? | Mean®
Control 4.87*
IBA 2000mg L* 4.19 5.05 4.62 a
IBA 4000mg Lt 411 4,78 4.44 ab
IBA 6000mg Lt 3.70 4.14 3.92b
Mean 4.00 A 4.65B
C.V.=9.85%

*Means followed by different capital letters in the rows amdlkletters in the columns are significantly different (Tukest &t
p<0.05). *significant at g 0.05.

The reducing sugars content analysis beforreatments, mixed or not with PBZ, where NAA
initiation of the rooting process was 3.2%; thus, alone showed the highest phenol content (Tables 7
small increase in this content was observedand 8). Pandey and Pathak (1981) explained that
probably because of the conversion of total sugarphenols increased the action of auxins on rooting
since reduction occurred, into reducing sugars. by inhibiting the IAA-oxidase system. The
application of exogenous phenolic compounds can
Total Phenol Contents present synergism with synthetic auxins, inducing
The total phenol content analysis showed thatot formation.
apparently there was no relationship between itfhe NAA treatments provided the greatest number
contents and the rooting process. In addition, thef cuttings showing necrosis at the bage.
total phenol content before the rooting process;aribaea cuttings seemed sensitive to this auxin,
was 1.92%; after the rooting process there washile the IBA treatments, at the same
nearly no change in this content. The onlyconcentrations, presented few cuttings showing
significant difference observed was between NAAbasal necrosis.
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Table 7 - Mean total phenol contents Rinus caribaeavar. hondurensisMorelet cuttings, submitted to NAA
treatments with and without the addition of pacloazol (PBZ).

Treatments | with PBZ® | without PBZ? | Mean®
Control 1.77ns
NAA 2000mg [ 1.66 2.08 1.87 a
NAA 4000mg [ 1.65 1.98 1.81a
NAA 6000mg [ 1.65 1.93 1.79 a
Mean 1.65B 1.99 A
C.V.=15.04%

*Means followed by different capital letters in the rows andlktgtters in the columns are significantly different (Tukest &t
p<0.05). ns = non significant.

Table 8 - Mean total phenol contents RRinus caribaeavar. hondurensisMorelet cuttings, submitted to IBA
treatments with and without the addition of pactohzol (PBZ).

Treatments | with PBZ? | without PBZ? | Mean®
Control 1.77ns
IBA 2000mg Lt 1.62 1.85 1.73 a
IBA 4000mg Lt 1.88 1.90 1.89 a
IBA 6000mg Lt 1.76 1.75 1.76 a
Mean 1.75 A 1.83 A
CV.=14.91%

#Means followed by different capital letters in the rows andlkletters in the columns are significantly different (Tukest &t
p<0.05). ns= non significant.

In general, it was noticed that the high rootingThe 4000mg [* IBA with 100mg L*
percentages of cuttings treated with auximpaclobutrazol treatment proved to be the most
coincided with higher phenolic acid contents,effective in promoting root formation.

suggesting thatPinus cuttings with high total A reduction in total sugars content and an increase
phenol contents had higher amounts of orthoin reducing sugars content occured, suggesting that
dihydroxyphenols, which decreased IAA-oxidaseotal sugars were essential in the root formation
activity, increasing the concentration ofprocess, and were also converted into reducing
endogenous IAA (Coll et al.,, 2002), thereforesugars. Apparently, the phenol content in this work
increasing rooting percentage. Jarvis and Shaheddl not influence the rooting process. The
(1986) reported that |IAA-oxidase activity wastreatment of cuttings with auxins, either NAA or
controlled by phenolic acids (diphenols inhibit thelBA, was required if a high rooting percentage was
IAA-oxidase). According to Hess (1962), theto be achieved, especially with IBA at 4000 miy L
structural necessity of a phenolic component is paclobutrazol at 100 mg™L Since gibberellic
capable of stimulating root initiation. Leopold acid is known to inhibit root formation (Davis and
(1964) concluded that auxin played a role orHaissig, 1990), the application of anti-gibberellin
physiological processes and developmentyrowth regulators, such as paclobutrazol, together
requiring other substances as rooting co-factorwith IBA was found to enhance root formation
that would stimulate rooting, a fact also observedDavis et al., 1988; Wiesman and Riov, 1994).

by Weaver (1982).

From this experiment’s results it was concluded

that 1) The treatment ofP. caribaea var. RESUMO

hondurensigMorelet cuttings with IBA was more

effective than with NAA, 2) Treatments thatQ trabalho avaliou o enraizamento de estacas de
showed higher rooting percentages presente@inus caribaeavar. hondurensisMorelet sob a
lower total sugars contents and higher reducingcdo de diferentes niveis de reguladores vegetais.
sugars contents, 3) Higher total phenol contentas estacas foram feitas de brotacdes de 4 a 6¢cm de
and higher rooting percentages were obtained igomprimento de mudas d®. caribaea var.
cuttings treated with plant growth regulators, 4hondurensisviorelet com corte bisel na base sendo
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as aciculas basais eliminadas. A base das estatiss, C. E. (1962), Characterization of rooting
foram submetidas aos tratamentos por 2 segundogo-fators estrated frordedera helixL. andHibiscus
com os seguintes tratamentos: 1- NAA 2000rg L rosa-sinensis In:  International  Horticultural

L 2- NAA 4000mg L% 3- NAA 6000mg L% 4- gong(rjess, 1:;382 ;é)SrontoProceedings. Toronto,
NAA 2000mg L' + PBZ 100mg [} 5- NAA anada. pp. So£-568.

1 . 1 . Jarvis, B. C. and Shaheed, A. I. (1986), Advenigio
4000mg L+ PBZ; 6- NAA 6000mg L + PBZ; root formation in relation to the uptake and

7- IBA 2090”‘9 L"; 8- IBA 40100mg L, 9- IBA distribution of supplied auxifNew Phytologist103
6000mg L% 10-IBA 2000mg [* + PBZ; 11- IBA 2331

4000mg L' + PBZ; 12- IBA 6000mg L + PBZ e  Leopold, A. C. (1964)Plant growth and development
testemunha. Apds os tratamentos as estacas foramiew York: Mc Graw-Hill.

plantadas em tubetes contendo 50% de palha delson, N. (1944), A photometric adaptation of the
arroz carbonizada e 50% de vermiculita. As Somogy method for determination of glucose.
avaliaces realizadas aos 60 dias apés o plantjo’ournal of Biology Chemistry 53, 375-380.
mostraram que estacas @ caribaeatratadas Nelson. C. D.;Linghai, Z. and Hamaker, J. M. (1992
com IBA levaram a maior porcentagem de estacas' oPagation of loblolly, ‘slash, and Longleaf pine

iad | tratad NAA from needle fascicleJree Plant Notest, 67-71.
enraizadas que aquelas tratadas com » Sen rdstrom, A. C.; Jacobs, F. A. and Eliasson, L.

0 mais efetlvlo, IBA a 4000mgLem conjunto (1991), Effect of exogenous indole-3-acetic acid an
com 100mg L de paclobutrazol. indole-3-butiric acid on internal levels of the
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acid during adventitious root formation in pea
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