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Significant improvements to the technique of minicutting Eucalyptus clones have been reported in the literature. However, despite
these recent efforts, studies addressing the proper size of minicuttings and the reduction of leaf area have not been well explored.
Thus, the present study had the objective of evaluating the effects of the length of the minicuttings and the leaf area reduction on
the growth and nutritional condition of Eucalyptus urophylla during propagation. The experiment was conducted for 90 days in
the Plantar Reforestation Co. Nursery in the municipality of Curvelo, MG, using a randomized block design with 4 replicates in
a 4 × 2 × 2 factorial arrangement. The effects of 4 lengths of minicuttings (4, 6, 8, and 10 cm), 2 levels of leaf area reductions (0
and 50%), and 2 commercial clones were studied. The length of the minicuttings and the reduction of leaf area did not affect the
nutritional status of the leaves, nor did the length affect the quality of the plants at the age of 90 days. The results indicate that it is
unnecessary to reduce the leaf area for Eucalyptus propagation.

1. Introduction

The propagation of plants by minicuttings is a widely used
technique employed for the production of Eucalyptus seed-
lings and has been published in various media. The sci-
entific literature has shown that much of the success of
this technique depends on the selection of the appropriate
propagules and proper silvicultural practices, which aim to
ensure efficiency in the production of high-quality seedlings
[1].

In the production process, nurseries customarily produce
clonal Eucalyptus plants with minicuttings ranging in size
from 4 to 10 cm, with at least two pairs of leaves of reduced
leaf area [2, 3]. The basic procedure for the reduction of
leaf area on minicuttings used in most nurseries today is
virtually the same as was used in plant propagation by
cuttings (macrocuttings) in the 1980s and 1990s, although the
vegetative propagules of minicuttings are smaller and more

juvenile comparedwithmacrocuttings. In addition, irrigation
systems in nurseries have evolved significantly in recent years
[4].

The retention of leaves or parts of leaves on the stem is
necessary for the production of auxins and rooting cofactors
that are translocated to the cutting base and promote rooting
[5, 6]. Lima et al. [7] evaluated the effect of a reduction in leaf
cuttings ofMikania spp. (Guaco) and found that an increase
in leaf area positively influenced the percentage of rooting
and the survival of the plants. Reuveni andRaviv [8] observed
a higher percentage of rooting for avocado cuttings (Persea
americanaMill.) that retained leaves and attributed this result
to the elevation of sucrose at the base of the cuttings.

Within this context, this study aimed to evaluate the
effects of the length of the cutting and reduced leaf area on the
growth and nutrient content in Eucalyptus urophylla during
propagation.
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2. Materials and Methods

The experiment was conducted between July and October
2008 at the Plantar Reforestation Company Nursery in
Curvelo, MG. Seedlings were grown for 90 days using the
company’s two commercial clones (hybrids ofEucalyptus uro-
phylla ST Blake). A randomized block design was employed,
with four replications in a 4 × 2 × 2 factorial design. The
effects of four sizes of apical minicuttings, S (S: 4, 6, 8,
and 10 cm), two levels of leaf reduction (LR; 0 and 50%),
and two clones (C1 and C2) were studied. The experimental
unit consisted of 33 central plants in trays of 190 cells, for
a total of 2,112 seedlings measured. The other seedling trays
received the same treatment and were considered “border”
plants.

The reductions in leaf area were obtained by cross-
sectioning apical leaf minicuttings that had at least one pair
of fully formed leaves. The LR and S were performed by
the nursery staff who had been trained to perform these
steps in the proportions and sizes recommended. Afterward,
the minicuttings were staked to a depth of 2 cm in the
center of polypropylene tubes (125mm and a capacity of
55 cm3). These tubes contained a substrate composed of
40% middle-sized grain vermiculite, 40% scorched rice husk
fiber, and 20% coconut husk fiber. Then, 2.4 kg/m3 of slow-
release fertilizer was applied (13%N, 6%P

2
O
5
, 16%K

2
O,

1.4%Mg, 10% S, 0.26%Fe, 0.02%B, 0.05%Cu, 0.06%Mn, and
0.015%Mo).

The seedlings remained for 15 days in the greenhouse
and received misting as the exclusive irrigation to maintain
a humidity above 70%. The seedlings were transferred to a
shade house for 15 days and received 4 mL of fertigation
per seedling per day (50% in the morning and 50% in the
afternoon). The seedlings were then transferred to a growth
area in the open, with only 50% of tray cells filled with
seedlings, and were treated with 6 ml of fertigation per day
for 90 days. At all stages of growth, the experiment was
conducted alongside the regular seedling production process
at the company.

The fertigation solution was composed of the following:
5.5 kg of Ca(NO

3
)
2
, 1.5 kg of MgSO

4
, 2.63 kg of KCl, 0.9 kg of

NH
4
H
2
PO
4
, 2.0 kg of NH

4
SO
4
, 0.035 kg H

3
BO
3
0.004 kg of

CuSO
4
, 0.015 kg of ZnSO

4
, 0.017 kg of MnSO

4
, 0.02 kg of Fe-

EDTA (10%), and 2.5 kg of single superphosphate per 1,000
liters of water.

At 45 days after planting, the survival rate (SR; % of
live cuttings with a developed root system) and the shoot
height (SH, in cm) of all 33 of the plants in the experi-
mental unit were measured. Cuttings featuring green stems
without the development of roots were considered dead
plants.

After a total of 90 days, the following variables were
measured for all of the plants of the experimental
units: the SR (%); SH (cm); stem base diameter (SBD,
mm); shoot dry matter (SDM, g/plant); root dry matter
(RDM, g/plant); total dry matter (TDM = SDM + RDM,
g/plant); and leaf concentrations of macro- (dag/kg)
and micronutrients (mg/kg). Indexes that express the
quality of seedlings were calculated according to Gomes

et al. [10] and the Dickson Quality Index—DQI, as
follows:

DQI =
TDM (g)

[SH (cm) /SBD (mm) + SDM (g) /RDM (g)]
. (1)

This index is appointed as good indicator of quality seedlings
because it considers in its calculation the strength and balance
of distributed biomass [11].

The shoot heights were measured from the tube surface
to the apical tip, and the stem base diameters were measured
level with the tube. To determine the dry weight, the root
system was rinsed in running water to separate the roots
from the substrate, and the shoots and roots were dried in
a forced-air oven at 65∘C to a constant weight to produce the
SDM and RDM, respectively. The plant material was ground
and subjected to nitric-perchloric digestion to perform the
chemical analysis [12].

The data were subjected to an analysis of variance,
followed by the adjustment of the regression equations
using simple linear and quadratic models for the growth
as the dependent variable and the length of cutting as the
independent variable.The equations were considered valid at
a significance level of 5% for the coefficient of higher order
(Alvarez V. and Alvarez 2003). The Tukey’s and F tests were
used, both at the level of 5% probability for the comparison
of the means. All of the statistical analyses were performed
using STATISTICA software, version 10.0 [13].

3. Results and Discussion

The ANOVA results for the variables analyzed at 45 days are
shown in Table 1. A significant interaction was observed for
C× LR for the survival rate and time to separate the effects of
the S and LR treatments.

When analyzing the effects of the C × LR interaction
separately for clones 1 and 2, no significant differences were
observed after reducing the leaf area for these clones; the
same behavior was observed when evaluating the effect of
a 50% reduction of leaf area. The clones behaved differently
according to the survival rate, which was assessed in terms of
not the reducing leaf area for which clones 1 and 2 showed a
survival rate of 95% and 98%, respectively.

The leaf area reduction was significant for SH. The
values with and without leaf area reduction were 9.79 and
8.57 cm, respectively. The largest cuttings reached greater
heights (Table 2) in agreement with what was observed
by Carvalho Júnior et al. [14]. However, considering that
all the cuttings were planted 2 cm deep in the substrate,
when analyzing the increase in height, it was observed
that the seedlings produced from the smaller cuttings
exhibited greater vitality; that is, they grew to 5.50, 4.45,
3.90, and 2.87 cm for S treatments of 4, 6, 8, and 10 cm,
respectively.

When evaluating the coefficient of variation between 45
and 90 days, the variation in SR was minimal; for SH, there
was a 38% reduction in the variation. These results indicate
that the variations imposed by the treatments tended to
decrease with the age of the plant.
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Table 1: Summary of the analysis of variance of the survival rate and
shoot height of Eucalyptus seedlings at 45 days.

Variation source DF Mean square
SR SH

Block 3 41.40 1.888
C 1 17.40ns 0.078ns

S 3 32.20ns 35.801∗

LR 1 0.70ns 23.730∗

C × S 3 43.30ns 0.204ns

C × LR 1 84.00∗ 3.437ns

S × LR 3 19.20ns 1.566ns

C × S × LR 3 24.80ns 1.955ns

Residue 45 20.20 1.288
CVexp % 4.70 12.40
Mean 96.15 9.18
C: clone; S: mini-cuttings size; LR: leaf reduction; CVexp: experimental
coefficient of variation %; SH: shoot height, cm; SR: survival rate %;
∗significant at 5%; ns: not significant at 5% probability.

Table 2: Average results of significant interactions related to the size
of the apical mini-cuttings for the seedlings at 45 days.

Variable
Sizes of apical mini-cuttings (cm)

4 6 8 10

SH (cm) 7.50 b 8.45 b 9.90 a 10.87 a
SH: shoot height; means followed by the same letter in a row do not differ
significantly by Tukey’s test at 5% probability; adjusted equation: SH (cm) =
5.13623∗ + 0.577305∗S (cm) R2 = 0.5092 (∗P < 0.050).

After 90 days, 70% of the evaluated variables showed
significant effects for the clones (Tables 3 and 4), and the
analysis of the means is shown in Table 5. The LR treatment
was significant for only three variables: the values with and
without leaf reduction were 29.7 and 28.2 for SH, 1.1, and
1.0 for SDM and 52.7 and 56.6 for B, respectively (Tables
3 and 4). Despite the significant difference observed for
the LR treatment, in practical terms, the values were nearly
equal; that is, the differences in growth showed no practical
significance when considering seedling planting under a
regular field condition.

A triple interaction was observed only for N and Zn
(Tables 3 and 4). However, the consequences of these effects
are not relevant, as the average values of these nutrients
observed for the two clones were observed to be within the
reference limits for the proper development of Eucalyptus
seedlings.Thus, there is no practical effect of conducting such
segregation.

The contents of the macro- and micronutrients for both
clones, in general, were not influenced by the size of the
minicuttings or the reduction of leaf area (Table 5).

The process of reducing leaf area, a process evaluated in
this study, is a procedure inherited from the time when com-
panies worked with seedlings from macrocuttings produced
from field clonal hedges. At that time, reducing the leaf area

was very important because the leaf cuttings hadmuch larger
areas than those of apical minicuttings. Consequently, the
potential loss of water was higher, and the potential for root
formation was lower and had to be induced by the use of
hormones. With the development of techniques to produce
minicuttings from miniclonal hedges, the clonal nurseries
started using smaller leaves than those of macrocuttings;
with a lower ontogenetic age, this material was more capable
of producing roots [15]. Another likely contributing factor
explaining the positive effect of the leaf area in the present
study is the current quality of the nebulization systems,
which are intended to maintain a high-humidity environ-
ment to reduce the vapor pressure deficit, thereby reducing
evapotranspiration. Thus, the dehydration and death of the
cuttings before the period required for rooting were avoided
or reduced.

The positive response of not reducing the leaf area
corroborates the results of Santana et al. [4], and the positive
response of the size of the cuttings is in agreement with
Alfenas et al. [2], who noted that the use of vegetative
propagules between 4 and 8 cm is suitable for the production
ofEucalyptus seedlings byminicuttings. However, the present
study does not confirm the need to reduce the leaf area, as
discussed by Alfenas et al. [2] and Xavier et al. [3], as a
standard procedure in the process of preparing minicuttings.
In addition, not reducing the leaf area decreases the labor and
costs of producing seedlings, as it eliminates this operation
and reduces repetitive-stress injuries to the workers, a com-
mon issue associated with this activity.

According to Gomes et al. [10], the best parameters for
estimating the survival rate and early growth of seedlings in
the field are the SDM, RDM, SH/SBD, SH/SDM, SDM/RDM,
and DQI. In general, there was no significant variation in
most of these variables for the clones (Table 5). In the cases of
major change, the lowest values are similar to those observed
by other authors [4] in seedlings considered suitable for
planting.

In their quality controls, forestry companies consider that
seedlings with average heights between 15 and 30 cm with a
stem base diameter greater than 2mm are suitable for field
planting [10], as the differences observed in seedlings tend to
disappear with the age of the plant. Thus, when analyzing the
seedlings at 90 days (Table 5), it was observed that both clones
had already achieved these criteria, and consequently, they
were expected to develop well in the field.

Another essential characteristic for evaluating the pro-
duction of seedlings is their survival rate, that is, when they
are ready for transplanting. The observed value of 94.6%
(Table 5) demonstrates that both the clones and the treatment
resulted in a very high survival rate. Under normal operating
conditions in nurseries, the usual losses are above 20%;
thus, the 5% acceptability level established by quality control
is a challenging goal. The present results demonstrate that
the production process was well developed and that the
treatment did not negatively affect the development of the
seedlings.

Monitoring the nutritional status of the seedlings by the
leaf nutrient contents is important to ascertain whether the
treatments influenced the nutritional status of the plants.
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Table 3: Summary of the analysis of variance for the variables analyzed at 90 days.

Variation source DF Mean square
SR SH SDM RDM SH/SBD

Block 3 3.2 15.01 0.01572 0.00058 9.019
C 1 3.6ns 448.81∗∗ 0.22048∗∗ 0.02323∗ 114.017∗

S 3 27.3ns 7.81ns 0.02948ns 0.02320∗∗ 2.136ns

LR 1 17.4ns 33.18∗ 0.05683∗ 0.00147ns 0.991ns

C × S 3 0.9ns 8.97ns 0.01577ns 0.00116ns 0.560ns

C × LR 1 7.0ns 1.96ns 0.00852ns 0.00197ns 1.569ns

S × LR 3 4.0ns 7.13ns 0.01720ns 0.00268ns 0.901ns

C × S × LR 3 6.6ns 2.75ns 0.00463ns 0.01188ns 0.696ns

Residue 45 21.4 4.92 0.01296 0.00058 0.843
CVexp % 4.9 7.7 10.6 5.4 9.1

SH/SDM SDM/RDM DQI SBD N
Block 3 0.78 0.0291 0.000865 1.1889 0.0536
C 1 1067.43∗∗ 0.0361ns 0.022610∗ 0.8351∗ 0.0900∗∗

S 3 15.14ns 0.2232ns 0.000239ns 0.0385ns 0.0231∗∗

LR 1 2.25ns 0.1112ns 0.000013ns 0.0343ns 0.0089ns

C × S 3 25.11ns 0.1229ns 0.000221ns 0.0239ns 0.0031ns

C × LR 1 26.99ns 0.0617ns 0.000182ns 0.0645ns 0.0139ns

S × LR 3 4.64ns 0.0151ns 0.000091ns 0.0711ns 0.0084ns

C × S × LR 3 9.45ns 0.4287ns 0.000046ns 0.0213ns 0.0486∗∗

Residue 45 0.78 0.1531 0.000303 0.0518 0.0170
CVexp % 3.2 15.9 14.0 7.8 10.1

P K Ca Mg S
Block 3 0.009672 0.39692 0.03491 0.002336 0.001392
C 1 0.000074ns 0.05470ns 0.36255∗∗ 0.000068ns 0.014310∗∗

S 3 0.000217ns 0.00503ns 0.00437ns 0.000241ns 0.000265ns

LR 1 0.000125ns 0.00365ns 0.00195ns 0.000023ns 0.000054ns

C × S 3 0.000737ns 0.02062ns 0.00034ns 0.000126ns 0.000064ns

C × LR 1 0.001287ns 0.01648ns 0.00103ns 0.000011ns 0.000001ns

S × LR 3 0.000191ns 0.00820ns 0.00375ns 0.000039ns 0.000217ns

C × S × LR 3 0.000060ns 0.00169ns 0.00363ns 0.000161ns 0.000040ns

Residue 45 0.000510 0.01869 0.00416 0.000388 0.000398
CVexp % 11.3 12.1 7.6 6.3 14.0
C: clone; S: mini-cuttings size; LR: leaf reduction; CVexp: experimental coefficient of variation %; ∗∗significant at 1%, ∗significant at 5% probability; SR: survival
rate %; SH: shoot height in cm; SDM: shoot dry matter in g/plant; RDM: root dry matter in g/plant; SBD: stem base diameter in mm; DQI: Dickson quality
index; macronutrients: N, P, K, Ca, Mg, and S.

The leaf concentrations for all of the macro- and micronutri-
ents are within the range of the expected values [9] (Table 5).
A better nutritional status in the leaf is important for root
formation and plant growth, as has been well documented
in the literature [6, 16]. Nutrition is the key factor affect-
ing rooting because of its involvement in determining the
morphogenetic response of the plants, and the success rate
of vegetative propagation programs depends on the optimal
plant nutrient status, which is important for initial growth
under field conditions [17]. The treatments of the present
study did not affect the development of the seedlings. There-
fore, the nonreduction of leaf area is both technically and

economically viable because it is not necessary to spend time
on leaf reduction activity, which results in loss of operational
efficiency and increases the risk of repetitive-stress disorders
in the workers.

4. Conclusions

The length of the minicuttings and the reduction of leaf area
did not affect the nutritional status of the leaves, nor did
the length affect the quality of the plants at the age of 90
days. It is unnecessary to reduce the leaf area for Eucalyptus
propagation.
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Table 4: Summary of the analysis of variance for the variables analyzed at 90 days.

Variation source DF Mean square
Zn Fe Mn Cu B

Block 3 262.88 3131.1 6101 0.786 206.4
C 1 623.69∗∗ 3896.9∗ 12106∗∗ 0.090ns 424.4∗∗

S 3 50.35ns 376.1ns 162ns 0.939ns 46.9ns

LR 1 59.27ns 1417.5ns 7064ns 0.302ns 241.8∗

C × S 3 231.16∗∗ 201.8ns 1785ns 0.630ns 6.4ns

C × LR 1 186.29∗ 49.4ns 365ns 0.181ns 5.2ns

S × LR 3 0.63ns 295.2ns 782ns 0.552ns 14.2ns

C × S × LR 3 118.96∗ 710.1ns 2660ns 0.218ns 2.4ns

Residue 45 36.67 397.1 1531 0.464 33.5
CVexp % 18.0 21.3 9.0 12.7 10.6
C: clone; S: mini-cuttings size; LR: leaf reduction; CVexp: experimental coefficient of variation %; ∗∗significant at 1%, ∗significant at 5% probability;
micronutrients: Zn, Fe, Mn, Cu, and B.

Table 5: Average results for the variables analyzed at 90 days.

Variables
SR SH SDM RDM SH/SBD SH/SDM SDM/RDM DQI

C1 — 31.6 a 1.01 b 0.42 b 11.4 a 31.6 a — 0.11 b
C2 — 26.3 b 1.13 a 0.46 a 8.7 b 23.5 b — 0.14 a
Mean 94.6 — — — — — 2.47 —

SBD N P K Ca Mg S Zn
C1 2.81 b 1.33 a — — 0.78 b — 0.13 a 36.8 a
C2 3.04 a 1.26 b — — 0.93 a — 0.16 b 30.6 b
Mean — — 0.20 1.13 — 0.31 — —
RV — 1.3–1.5 0.15–0.20 1.5–2.0 0.8–1.2 0.30–0.35 0.13–0.15 30–40

Fe Mn Cu B
C1 101.3 a 422.2 b — 52.0 b
C2 85.7 b 449.7 a — 57.2 a
Mean — — 5.3 —
RV 80–130 300–500 10–15 30–40
Means followed by the same letter in a column do not differ significantly by 𝐹 test at 5% probability. C: clone; SR: survival rate %; SH: shoot height in cm; SDM:
shoot dry matter in g/plant; RDM: root dry matter in g/plant; SBD: stem base diameter in mm; DQI: Dickson quality index; macronutrients (dag/kg): N, P, K,
Ca, Mg, and S; micronutrients (mg/kg): Zn, Fe, Mn, Cu, and B; RV: reference values for seedlings between 80 and 100 days (Silveira et al., 2001 [9]).
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