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Abstract

Background: Vegetative propagation from superior individuals allows multiple copies of plants that are genetically
identical to the parent plant to be obtained. However, vegetative propagation success varies among individual genotypes,
with some clones having more difficulty forming roots than others. The aim of this study was to evaluate the genetic gain in
Sequoia sempervirens (D.Don) Endl. clones using parameters describing vegetative propagation success and initial growth
in field.

Methods: Vegetative propagation success was quantified for 16 clones in a completely randomised design consisting of
10 replications, each containing 10 mini-cuttings. At 90 days, rooting (RT), survival (SV) and the number of new shoots
(NS) were evaluated. Performance after planting in the field was assessed using 13 clones from the previous experiment,
arranged in linear parcels of 10 plants with 8 replicates. After 18 months, survival (SV), stem diameter (SD), height (H) and
dominance breakdown (DB) were assessed. Estimates of variance components, heritability and genetic correlations were
obtained using the Selegen-REML/BLUP software.

Results: The mini cuttings of the 16 clones had a coefficient of genetic variation (CVg,-%) of 32.32% for RT, 5.44% for SV
and 5.35% for NS. The heritability of the total genetic effects (H?g) for RT was 0.68. The clones with the best predicted
genotypic classifications for the characteristics evaluated in the field were A116, A140 and A138 for SV, A126, A140 and
A138 for SD, A138, A140 and A117 for H and A138, A228 and A116 for DB.

Conclusions: In general, it was possible to obtain high genetic gain for rooting and medium gain for dendrometric variables

in the field.
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Introduction

The species Sequoia sempervirens (D.Don) Endl.
known worldwide as sequoia or redwood, is native to
North America, mainly from the central and northern
California coast, a region with moderate to high rainfall
in winter and fog in summer (Olson et al. 1990; Cown
and McKinley 2008). Sequoia wood is widely used for the
construction of decks, fences, windows, doors, shutters
and interior applications where appearance and stability
are important requirements (Cown and McKinley 2008).
Sequoia is a species that mainly propagates through
seed production, however, the seed germination rate is

generally less than 10% and seedling viability is very
low (Ozudogru et al. 2011). In addition, young plants
have lower seed viability, with higher values being
obtained from 250-year-old trees (Olson et al. 1990).
Alternatively, in natural stands the species can reproduce
by vegetative propagation. When a tree is cut or burned,
sprouts appear from the cut trunk or already established
roots and grow more vigorously than other understory
plants. Thus, an individual’s genetic information is the
same as that of the trees that inhabited the site thousands
of years ago (Luna 2008).

© The Author(s). 2021 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.



http://creativecommons.org/licenses/by/4.0/),

Lovatel et al. New Zealand Journal of Forestry Science (2021) 51:11

For commerecial forestry, vegetative propagation from
superior individuals allows the multiplication of the
best genotypes and plants that are genetically identical
to the parent plant to be obtained. It also allows the
multiplication of selected trees that contain favourable
genetic combinations and the production of genetically
homogeneous material that can develop in a predictable
and uniform manner (Wendling et al. 2014).

Mini cuttings (cuttings taken from mini hedges not
previously rejuvenated by in vitro techniques) is one of
the most widely used vegetative propagation techniques.
It allows the selection of those individuals with the
best characteristics in tree breeding programmes and
can reduce the length of the breeding cycle (Freitas et
al. 2016). Compared with traditional cutting methods,
which suffer from “physiological ageing” problems with
the donor plants, mini-cuttings offer advantages in the
small size of clonal mini-hedges, high productivity, lower
cost and better rooting indices (Majada et al, 2011).

Plant responses to vegetative propagation and their
consequences have received little attention in the
quantitative genetics literature. By contrast, studies
in horticulture and silviculture have examined some
aspects of this problem. Genetic variation in rooting
ability has been observed in several economically
important species and environmental effects on
rooting have been widely studied to find methods to
optimise rooting of cuttings for commercial production
(Schwaegerle 2005). Although rooting is an important
factor in the selection of clones in forestry, few studies
address the use of this characteristic (rooting) in the
early selection of superior genotypes. Our hypothesis is
that characteristics such as the rooting of cuttings and
initial growth in the field following out-planting can be
used as selection criteria for sequoia clones. Therefore,
the objective of this work was to evaluate the genetic
gain in Sequoia sempervirens clones using parameters
related to vegetative propagation success and initial
growth in the field.

Methods

Vegetative propagation and rooting success of mini-
cuttings

The experiment compared the propagation success and
rooting of mini-cuttings from sixteen different clones
(A100, A113, A115, Al116, A117, Al126, A127, A130,
A131, A133, A135, A136, A138, A140, A227 and A228).
Material for the experiment was sourced from stumps of
selected 40-year-old sequoia parent trees. Conventional
cuttings were collected from the matrix trees 120 days
after partial or complete annealing, as described by
Pereira et al. (2017). This material was transported to
the forest nursery in Lages, Santa Catarina state, Brazil.
From this material, 10 cm cuttings were made, each
containing a pair of acicular leaves with the total leaf
area reduced by 50%. These cuttings were treated with
6,000 mg L' of indole-3-butyric acid (IBA), set in
tubes (180 cm?®) containing medium-sized (2-4 mm)
vermiculite and commercial substrate (1:1 v/v) and
placed in a mini-tunnel for rooting to occur.
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Five months after these cuttings were set, rooted
plants were acclimated in a shade house for 30 days
and then transferred to a greenhouse to complete
acclimatisation for another 30 days. Subsequently, plants
approximately 20 cm high were transferred to 5-L pots
filled with a commercial substrate consisting of peat
and decomposed pine bark (50%) and medium-sized
(2-4 mm) vermiculite (50%). Fifteen days after
installation (the time needed to adapt the plants to the
system) the apex of the plant’s main sprout was pruned
to a height of 10 cm (+ 2 cm), thus forming the mini-
stumps for the establishment of the clonal mini-garden.
Pruning of the mini-stumps was performed each month
over a four-month period.

The nutrient solution used in the clonal mini-garden
was based on commercial fertiliser comprising 10%
N (water-soluble); 42% P,0, (water soluble); 10%
K,O (water soluble); 0.6% Mg; 0.1% Fe and 0.02% Br.
Fertigation was carried out twice a week, with each
mini-strain receiving 50 mL of the solution composed
by diluting 1.5 g of fertiliser in 1L of water. After the
formation of mini-stumps, shoots were collected for the
experiments.

From each clone, 8 to 10 cm long mini-cuttings were
prepared, with the basal portion bevel cut and the upper
portion incised transversely, and with a pair of acicular
leaves cut in half. Once prepared, the cuttings were
placed to root in 180 cm® polypropylene tubes containing
an average size particle (2-4 mm) of vermiculite and
commercial substrate (1:1 v/v) with the addition of
6 gL1ofcontrolled release fertiliser,in which the insertion
of approximately 2 cm from the base of the mini-cutting
into the substrate was made. The commercial plant
substrate, according to the manufacturer, is composed
of peat, expanded vermiculite, pine bark and charcoal.
The chemical and physical characteristics after substrate
analysis are as follows: pH = 6.6; electrical conductivity
=0.13 mS cm™; wet density = 450.8 kg m™; dry density =
302.7 kg m*3; current humidity = 32.8 (%); total porosity
= 72.2 (%); aeration space = 17.0 (%); easily available
water = 12.2 (%); buffering water = 2.4 (%); remaining
water = 40.5 (%); WHC10 - water holding capacity at
10 cm = 55.1; WHC50 = 42.9 and WHC100 = 40.5.

The trays containing the tubes with the mini-
cuttings were placed in a mini-tunnel - plastic covered
greenhouse structure (measuring 8.0 m long x
1.20 m wide x 0.9 m high). The temperature inside
the greenhouse usually varied between 20-32°C and
the relative humidity remained above 80%, being
irrigated by micro-sprinkling for 5 minutes, five times
a day. The mini-cuttings remained in this condition for
90 days, at which time the evaluation of the experiment
was performed. The experiment followed a completely
randomised design with 10 replications of 10 mini-
cuttings from each clone.

Survival percentage (SV), percentage of rooted
cuttings (RT) and the number of new shoots (NS) were
evaluated. Mini-cuttings with live wood, old leaves or
young shoots, rooted or not, were considered survivors.
The rooting percentage was considered over the total,
not only the surviving mini-cuttings. The number of
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roots was not evaluated because the plants from the
experiment were destined for field planting. Counting
the number of roots implies substrate disruption,
causing serious damage to the seedling roots.

Initial growth in the field

The clonal mini-cuttings test was installed in Curitibanos
- Santa Cristina (Brazil) in October 2017. The region,
according to Koppen, has the mesothermal humid
subtropical climate (Cfb) (Alvares et al. 2013). Prior
to planting, subsoiling and a rotary hoe were used to
prepare the site. Plants from the rooting experiment
were used for this study. At the time of planting, they
were nine months old. Of the 16 clones used in the
rooting experiment, four of them did not have sufficient
rooted material for initial growth in the field (A113,
A115,A127,A13).Clone A110 was added to field planting
experiment but was not used in the rooting experiment.

At the time of planting, the mini-cuttings were
approximately 30 cm tall and had a root-collar diameter
greater than 4 mm. Fifteen days before planting, they
underwent an acclimatisation period, with reduced
irrigation and maintenance in full sun. Fifteen days after
planting, 150 g of NPK (5-20-20) fertiliser was applied
to each plant. The growth study was undertaken using
13 clones (A100, A110, A116, A117, A126, A130, A131,
A135, A136, A138, A140, A227 and A228) in lines of 10
plants per clone with 8 replicates for a total of 80 plants
tested per clone. The planting spacing used was 3.0 x
3.0 m. All clonal stock was in the form of mini-cuttings
produced from the clonal mini-garden.

Eighteen months after out-planting in the field, the
following variables were measured: survival (SV), stem
diameter (SD), height (H) and dominance breakdown
(DB) in relation to the early testing of sequoia clones in
the field.

Statistical analysis
Estimates of variance components, heritability and
genetic correlations were obtained from mixed models
fitted using the Selegen-REML/BLUP software (Resende
2016). An alternative to be used in the construction
of indexes that can lead to a more accurate selection
process is the use of restricted maximum likelihood
(REML) and best linear unbiased prediction (BLUP).
This method is based on the assumptions that the
smaller the standard deviation of genotypic behaviour
between two sites, the greater the harmonic mean of
their genotypic values between two sites (Silva et al.
2011; Rosado et al. 2012). The REML/BLUP procedure
has several advantages as it considers genotypic effects
as random, can deal with imbalance, non-orthogonality
and heterogeneity of variances, outliers, correlated
errors within locations, provides breeding values after
discounting environmental effects, and can be applied to
any number of environments (Resende 2007).
Vegetative propagation and rooting success were
evaluated assuming a completely randomised design,
with testing of unrelated clones and more than one plant
per parcel. The following statistical model was used for
determining the genetic variance components:

Page 3

y=Xu+Zg+e [1]

where: y = data vector; u = fixed effect vector of the
general average; g = vector of genotypic effects assumed
to be random; e = error vector or random residue.

The variance components analysed for vegetative
propagation and rooting were: ozg= genotypic variance,
0°;= residual variance, 0= individual phenotypic
variance, h2g= heritability of individual parcels in the
broad sense (i.e, effects of total genotypes), CV (%) =
genotypic variation coefficient and CV, (%) = residual
variation coefficient and overall mean of the experiment.
Analysis of the different parameters related to the
initial growth in the field was undertaken assuming a
randomised block experimental design with several
plants per parcel and testing of unrelated clones. The
following statistical model was used for determining the
genetic variance components:

y=Xr+Zg+Wp+e [2]

where y = data vector; r = repeating effects vector
(assumed to be random) plus the overall mean;
g = genotypic effects vector assumed to be random;
p=parceleffectsvector;e=errorvectororrandomresidual.
The variance components analysed in the field clone test
were: o’ = genotypic variance, o?, = environmental
variance between parcels, 025= residual variance,
0%,= individual phenotypic variance, h’ = heritability of
individual parcels in the broad sense (i.e., the effects of
total genotypes), hza]: individual heritability in the broad
sense (adjusted for parcel purposes), Czpm= coefficients
for determining the effects of parcels, h*_ = heritability
of the mean genotype, Ac, (%) = the genotype
selection accuracy, CV (%) = coefficient of genotypic
variation, CV (%) = residual coefficient of variation,
CV = coefficient of relative variation, PEV = prediction
error variance of the genotypic values, SEP = standard
deviation of predicted genotypic value and overall mean
of the experiment.

Results
Vegetative propagation and rooting of mini-cuttings
Results from the experiments with sequoia mini-
cuttings showed that there was considerable potential to
improve vegetative propagation success through genetic
selection. The coefficient of genetic variation (CV, %) for
RT was 32.32% (Table 1), which was high when compared
with the same parameter obtained for SV (5.44) and NS
(5.35). Heritability estimates for the SV and NS variables
were low, being 0.16 and 0.04, respectively. With this
wide variation, genotypic means for RT ranged from
23.73% for clone A138 to 98.77% for clone A113 (Table
2). Mean SV values were above 85% for all clones and
NS percentage was above 76%. The best results for RT
were obtained for clones A113 (97.7%), A127 (97.8%),
A136 (96.9%) and A115 (94.5%). These same clones
exhibited good performance across the other traits that
were assessed.

The heritability of the total genetic effects (h? ) for the
rooting variable was considered high (0.68), which has
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TABLE 1: Variance components for the survival (SV), rooting (RT) and number of new shoots (NS) for 16 Sequoia

sempervirens clones measured 90 days after setting.

Component SV (%) RT (%) NS

azga 26.70 580.00 19.45

o, 131.31 262.49 401.17

ozﬁ. 158.02 842.50 420.62

h, 0.1689 * (0.0841) 0.6884 + (0.1698) 0.0462 + (0.044)
CV,.(%) 5.44 32.32 5.35
CV.(%) 12.06 21.74 24.30
General average 94.98 74.49 82.41

important implications for the genetic selection of clones
as this is the most limiting feature for the propagation of
clones via mini-cuttings.

Initial growth in the field

The clones with the highest survival when planted in
the field were A116, A140 and A138; for stem diameter
the best performing clones were A126, A140 and A138;
for height: the best performing clones were A138,
A140 and A117 and for dominance breakdown the best
performing clones were A138, A228 and A116 (Table 3).
One of the best performing clones in the field (A138) had

the worst rooting score in the greenhouse experiment,
and by contrast clone A136, which showed poorer field
performance, had the third best rooting score (Table 2).
Genotypic mean values (u+g) ranged from 0.33 to
0.81 (%) for SV; 12.02 to 27.25 (mm) for SD; 58.60 to
118.53 (cm) for H and 0.42 to 0.70 (%) for DB. The worst
performing clones in terms of survival, stem diameter,
height and dominance breakdown were A117, A228,
A228 and A136, respectively. High values of genotypic
coefficients of variation (20.06 to 34.48%) were found,
indicating that these traits, especially survival, have good
potential to be selected for (Table 4). The heritability of

TABLE 2: Genotype classification by predicted genotypic effect (g) and genotypic mean (u+g) for rooting (RT), survival
(SV) and number of new shoots (NS) of Sequoia sempervirens clones evaluated at 90 days after setting.

Clone RT (%) SV (%) NS
RK* g u+g RK g u+g RK g u+g
A100 15 -35.8052 38.6894 4 3.2440 98.2274 11 -0.902 81.5105
A113 1 24.2842 98.7788 2.0225 97.0060 7 0.786 83.1988
A115 4 20.0443 94.5389 6 2.3987 97.3822 13 -1.314 81.0987
Al116 8 9.4153 83.9099 11 1.0166  96.0000 10 -0.687 81.7257
A117 13 -25.0068 49.4878 13 -4.7069  90.2765 3 2.621 85.0745
Al26 14 -33.6137 40.8809 16 -9.7276  85.2559 14 -2.504 79.9084
A127 2 23.3836 97.8782 5 2.6909 97.6744 2 3.671 86.1796
A130 11 2.8962 77.3908 9 1.5486  96.5320 15 -3.831 78.5816
Al131 12 -6.8018 67.6928 8 1.9007 96.8842 12 -0.942 81.4709
A133 9 9.3564 83.8510 1 3.7779 98.7614 1 4.094 86.5065
A135 10 4.8486 79.3433 12 0.1708  95.1543 9 -0.196 82.2168
A136 3 22.4858 96.9804 3 3.2440 98.2274 4 1.732 84.1442
A138 16 -50.7630 23.7316 2 3.7779 98.7614 16 -5.761 76.6514
A140 7 11.1684 85.6630 14 -6.4140 88.5695 5 1.707 84.1199
A227 5 12.5510 87.0457 10 1.5201 96.5035 8 0.185 82.5976
A228 6 11.5567 86.0513 15 -6.4642  88.5193 6 1.202 83.6145

! Genotype ranking
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TABLE 3: Genotype classification by predicted genotypic effect (g) and genotypic mean (u+g) for the survival (SV), stem
diameter (SD), height (H) and dominance break (DB) for Sequoia sempervirens clones evaluated at 18 months
after out-planting in the field.

Clone SV (%) SD (mm) H (cm) DB
RK* g u+g RK g u+g RK g u+g RK g u+g

A100 4 0.1446 0.6680 9 -1.3003 19.8897 7 -04797  88.3223 0.0569  0.6393
A110 10 -0.1230 0.4005 12 -1.8618 19.3283 8 -41648  84.6372 4 01026 0.6850
All6 1 0.2866 0.8100 5 0.8082 21.9982 4 6.7229 95.5248 3 01031 0.6855
A117 13 -0.1947 03288 8 -0.7677 20.4224 3 7.5452 96.3472 6 0.0619 0.6443
Al126 5 0.0568 0.5802 1 6.0628 27.2528 5 2.4033 91.2052 12 -0.1270 0.4554
A130 12 -0.1738 0.3496 7 -0.6574 20.5327 10 -5.3187 83.4832 10 -0.1183 0.4641
A131 11 -0.1428 0.3807 10 -1.5317 19.6584 6 1.1233 89.9253 8 0.0070 0.5894
A135 8 -0.0845 0.4389 4 19368 23.1268 9 -4.2276  84.5743 5 0.0792 0.6616
Al136 9 -0.1031 0.4203 11 -1.5331 19.6570 12 -10.0620 78.7400 13 -0.1601 0.4223
A138 3 0.1700 0.6934 3 3.8569 25.0469 1 29.7256 118.5276 1 01226 0.7050
A140 2 0.1802 0.7037 2 4.4807 25.6707 2 14.7124 103.5143 9 -0.1142 0.4681
A227 7 -0.0485 0.4749 6 -0.3222 20.8678 11 -7.7769 81.0251 11 -0.1226 0.4597
A228 6 0.0325 0.5560 13 -9.1713 12.0187 13 -30.2030 58.5989 2 01089 0.6913

1 RK - Genotype ranking

parcels in relation to genotypes (0.093 to 0.157) was not Discussion

as high as that for rooting (0.688), but values for the SD
and H traits were close to those found for quantitative
selection traits in other species (0.157 and 0.148
respectively). Individual heritability values for parcel
effects were very similar compared to the effects of total
genotypes (0.103 to 0.157).

The coefficients of genetic variation, both at an individual
level (CVg,J and progeny level (Cvgp) are accepted as
essential indicators of existing variation, allowing the
estimation of genetic gains in provenance and progeny
tests (Sebbenn et al. 2009; Rosado et al. 2012). The
genotypic coefficient of variation values estimated for

TABLE 4: Variance components for survival (SV), stem diameter (SD), height (H) and dominance breakdown (DB) of
Sequoia sempervirens clones evaluated at 18 months after out-planting in the field.

Component SV (%) SD (mm) H (cm) DB
o’ 0.03 22.83 317.30 0.02
0% e 0.00 0.23 92.15 0.03
o?, 0.21 122.13 1722.83 0.20
o’ 0.25 145.20 2132.28 0.25
h?, 0.1320 £ 0.0557 0.1572 +0.0799 0.1488 £ 0.0777 0.0929 + 0.0614
hza]. 0.1321 0.1575 0.1555 0.1033
? e 0.00 0.00 0.04 0.10
h? 0.6628 0.7035 0.5854 0.3645
Ac,, (%) 0.81 0.84 0.77 0.60
Cv,.(%) 34.48 22.55 20.06 26.19
CV.(%) 24.59 14.64 16.88 34.58
CV (%) 1.40 1.54 1.19 0.76
PEV (%) 0.01 6.77 131.54 0.01
SEP (%) 0.10 2.60 11.47 0.12
General average 0.52 21.19 88.80 0.58
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the RT trait in mini-cuttings and for SV, SD, H and DB
traits in field trials were all above 20%. Coefficients
of genetic variation (Cv,) above 10%, as found in the
present study, indicate that there is considerable genetic
variability to be explored and that there are genetically
superior clones in the experiment (Villacorta et al. 2015;
Stovall et al. 2011). This value demonstrates elevated
experimental precision, meaning that the model was
able to capture most of the variation in the test and,
as such, the estimates can be trusted. These values are
similar to those found by Westbrook et al. (2015) and
Sykes et al. (2006) for loblolly pine (Pinus taeda).

Based on Resende (2007), the accuracy observed was
high for survival (SV), stem diameter (SD) and height
(H), and was similar to the accuracy levels reported in
other studies on forestry species (Gapare et al. 2015).
The observed value of Ac, indicates that selection
based on SV, SD and H can be considered accurate, as the
true values (which are unknown) and predicted values
are very similar.

Estimates of genetic parameters are important for
directing breeding programmes, as they aid the selection
process and serve as a theoretical framework to support
the recommendations of commercial materials (Maia et
al. 2009). However, it should be noted that this variation
cannot be related only to the effects of heritability in the
broad sense, i.e, the proportion of variability caused
by the effects of genes (Jung et al. 2008). This variation
may also be linked to the clonal C-effects (Pereira et
al. 2018). C-effects can result in an artificial increase
in clonal variation, which may increase the estimates
of genetic gains in clonal selection (Frampton & Foster
1993). According to the same authors, this discrepancy
may be due to the problems associated with vegetative
propagation and the degree of environmental variation
in the place where the clonal test is performed.

Overall, the best rooting clones were the ones with
the poorest field performances, as was the case with
clones A138 and A140, which had good rankings for
the field variables, while in rooting their positions
were intermediate to poor (16 and 7 respectively). By
contrast, clone A136 which ranked third best for the
RT trait demonstrated poorer field results for all four
characteristics evaluated. Differences in rooting may
be associated with differences in subsequent growth.
These differences may be related to carryover effects,
or C-effects, which are intergenerational environmental
effects that occur when the performance of vegetative
propagulesis influenced by the environment in which the
propagules developed. C-effects can also bias estimates
of genetic and environmental parameters in plant growth
studies by inflating variation among genotypes. C-effects
arise from environmental differences among plants used
as the source for cuttings: plants of the previous clonal
generation (Schwaegerle 2005).

Although good levels of rooting were generally
achieved, plants produced by sequoia mini-cuttings
can be inefficient in the acclimatisation process and
this can lead to high mortality, which requires careful
consideration of environmental variables, particularly
high temperatures (Luna 2008). Clones A113, A115 and
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A127, which were in the top four in the percentage of
RT, were not field tested due to high levels of nursery
mortality and the resulting lack of material for planting.

The heritability of individual parcels of total genotypic
effects found for rooting was high (0.68); values above
0.5 are considered high (Resende 2002), indicating the
possibility for satisfactory gains with selection for this
propagation trait for sequoia mini-cuttings. However,
vegetative propagation traits, such as rooting, must have
a secondary and auxiliary character, the most important
parameters for selection being those related to the
survival, shape and productivity of trees in the field.

For field evaluations, heritability was only found
to be close to the normal range for quantitative traits
(0.15-0.5) for SD and H. Polygenic traits such as diameter
and height have complex gene interactions. They are
highly influenced by the environment, making it difficult
to identify superior genotypes based on the phenotype
(Chinelato et al. 2014). Heritability cannot be fully
assumed as part of the additive genetic variance, which
is relative to the variance due to the additive effects of
the genes and should only serve as an indication of the
possibility of gain for future generations. One of the
most important functions of this parameter in genetic
breeding studies is its predictive role. Heritability is the
main indicator of success in the selection process, with
higher values indicating greater genetic gains (Braga et
al. 2020).

One of the reasons that the heritability values for SD
(0.158) and H (0.149) are not higher in the present study
may be due to the early evaluation period, since these
traits have greater variation over time. Variation in plant
size can arise from genetic and environmental responses
to vegetative propagation, in addition to variation caused
by direct genetic and environmental effects on plant
growth (Schwaegerle 2005).

The low heritability for DB (0.09) was undesirable,
as this characteristic is fundamental for stem quality,
which is directly related to the final value of the product.
Therefore, the presence of apical dominance may be a
limiting factor in the selection. In another field planting
study reported by Pereira (2018), sequoia plants lost
their apical dominance due to attack by a grasshopper
(Chromacris speciosa), something that may have
happened in this field test, where the presence of the
insect was observed.

Although it did not cause high mortality in the
current study, the occurrence of frost may cause the
breakdown of apical dominance. Very intense frosts
can cause mortality, as observed in the study by Pereira
(2018). Frosts were also responsible for the loss of trees
planted in colder areas of New Zealand (Dean 2007).
For each plant species there is a temperature at which
protoplasm freezing will occur and may occur before the
air temperature reaches 0°C. Some species may have a
higher resistance to freezing, remaining alive even after
the phenomenon has occurred, but mortality may occur
in younger tissues, such as the apex (Perissato et al.
2013). Kreyling etal. (2015) observed a cold tolerance of
up to -9.2°C for Sequoia sempervirens. In the same study,
the authors also observed that the thermal amplitude
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was one of the main factors responsible for high levels of
damage to the plants.

Overall, considering genetic heritability, RT selectionis
easier. In addition to being a qualitative trait (influenced
by fewer genes than quantitative traits), which generally
has a higher heritability, it is an important variable
determining the success of vegetative propagation
of plants on a large scale for supplying commercial
plantations. Among the various genetic parameters
estimated in progeny tests, one of the most important is
the heritability coefficient, which measures the genetic
control existing in a trait, and therefore the breeder’s
potential to improve a trait through genetic selection.
However, the phenotypic characteristics observed in
the field, such as stem shape, growth and adaptation are
the most important for the selection of superior genetic
materials.

Therefore, consideration should be given to the
development of clones in the field over time, in
accordance with the desirable characteristics of the final
product (e.g., volume, height, diameter, density, etc.) and
thus to define other selection parameters. In general, the
results from this study allow for different scenarios for
the selection of genetic material (clones). Good results
for selection were obtained for rooting, but as already
stated, this trait must be complementary to phenotypic
traits in the field which are the most important for
selection, particularly for species grown in commercial
plantations in Brazil. However, further studies and new
introductions of genetic materials should be carried
out, given that the origin of the seminal material that
generated the rescued and propagated sequoia mother
trees is unknown. There may be genetic proximity
between the clones used in this study if the seeds were
collected at the same site.

Conclusions

Genetic selection for rooting success in sequoia
clones proved to be effective, with this trait showing
a high heritability. All traits evaluated in field yielded
satisfactory results for selection, indicating that there is
potential for genetic gain through clonal selection.
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