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ABSTRACT

In order to evaluate fertilizers doses in different substrates for growth and development of clonal matrices of Australian Red
Cedar [Toona ciliata var. australis (F. Muell.) Bahadur], an experiment was conducted in a greenhouse. Five substrates were evaluate,
with proportions by volume, the first consisting of 100% of Multiplant florestal®, the second of 50% vermiculite, 20% carbonized
rice hulls, 20% soil and 10% coconut fiber, the third with 50% soil and 50% sand, the fourth was composed by 50% Multiplant
florestal®, 10% soil and 40% coconut fiber and the fifth with 65% of Multiplant florestal®, 25% vermiculite and 10% carbonized rice
hulls. The fertilizers doses applied were 0.0; 0.3; 0.6; 1.2; 2.4 of fertilization suggested by Malavolta (1980) for vases. The
characteristics evaluated were: collar diameter of the matrices, production of dry mater by shoots, root system and total and
accumulation of nutrients by shoot at the end of the experimental period of 150 days. The Australian Red Cedar plants have high
nutritional requirements, as showed by the better development obtained with higher fertilizer doses than those suggested by
Malavolta (1980). The substrate three provided the worst development to clonal matrices while the substrates 1, 4 and 5 provided
the best environment for the development considering all the fertilizer doses and all variables.

Index terms: Toona ciliata, plant nutrition, fertilization.

RESUMO

Com o objetivo de avaliar diferentes substratos com taxas de fertilizantes para o crescimento e desenvolvimento de matrizes
clonais de cedro australiano [Toona ciliata var. australis (F. Muell.) Bahadur], foi realizado um experimento em casa de vegetagéo.
Foram avaliados cinco substratos, com as proporcdes em volume, sendo o primeiro composto por 100% Multiplant florestal®, o
segundo de 50% Vermiculita, 20% casca de arroz carbonizada, 20% terra e 10% fibra de coco, o terceiro com 50% terra e 50% areia,
0 quarto com proporc¢do de 50% Multiplant florestal®, 10% terra e 40% de fibra de coco e o quinto com 65% Multiplant florestal®,
25% vermiculita e 10% casca de arroz carbonizada. Para os niveis de fertilizantes aplicados, foram utilizadas 0.0; 0.3; 0.6; 1.2 € 2.4
da adubagdo sugerida por Malavolta (1980) para vasos. Foram avaliadas as caracteristicas: diametro do colo das matrizes, produgao
de matéria seca de parte aérea, sistema radicular e total e 0 acimulo de nutrientes na parte aérea das plantas ao final do periodo
experimental de 150 dias. As plantas de cedro australiano apresentaram elevada exigéncia nutricional, visto que estimativas mostraram
0 melhor desenvolvimento das mesmas com doses superiores as sugeridas por Malavolta (1980). O terceiro substrato proporcionou
0 pior desenvolvimento para as matrizes clonais, enquanto os substratos 1, 4 e 5 proporcionaram os melhores ambientes para o
desenvolvimento, considerando todas as doses de fertilizantes e todas as varidveis analisadas.

Termos para indexacdo: Toona ciliata, nutricdo de planta, adubacéo.

(Received in march 21, 2012 and approved in may 30, 2012)

INTRODUCTION meters tall at two years and eight months (BELAVISTA

Reforestation investments in Brazil have shown FLORESTAL, 2011).

promising, because the country has adequate conditions . This Specie belongs to Mellaceae family, native to
for the development of several forest species. One specie ~ troPical regions of Australia and has shown good
that can be used is the Australian Red Cedar [Toona deévelopment in the southern region of Bahia and
ciliata var. australis (F. Muell.) Bahadur], which hasthe  throughoutthe Bazilian southeast (PINHEIRO, 2003), where
same wood characteristics as Brazilian cedar, indicated ~ an average annual increase of between 20 and 30 cubic
for the manufacture of fine furniture and construction — meters of wood per hectare per year can be estimated
finishing , besides having rapid growth, reaching six (MURAKAMI, 2008). Currently this specie is propagated
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by seed, resulting in heterogeneous plantings that hinders
the management of the area. Moreover, the seed of the
Australian Red Cedar is seasonal and of short viability
(SOUZA et al., 2009).

An alternative that can be used is the vegetative
propagation technique, obtaining clonal plants. Therefore,
quality seedling production is one of the most important
stages for the culture to ensure good growth and
development in the field. Considering that the nutritional
status of the clonal mother plant alters the rate of
development, growth intensity and specific morphological
characteristics (EPSTEIN; BLOOM, 2004), the nutritional
requirements of Australian Red Cedar should be known.
However, studies have not been done for the Australian
Red Cedar that indicate what the appropriate nutrient levels
are in the substrate of the clonal matrices, to show
satisfactory performance.

For an evaluation of the nutritional status of plants,
the use of a plant matter analysis (MALAVOLTA, 2006)
comparing the values of elements with a standard sample,
allows to diagnose and correct nutritional imbalances of
plants (TRANI et al., 1983). However, to obtain a standard
sample, studies are necessary to determine which values
are appropriate, since each species has different needs for
certain nutrients.

The objective of this study was to evaluate the
growth and development, content and accumulation of
nutrients in clonal matrices of the Astralian Red Cedar.

MATERIAL AND METHODS

The experiment was installed in a greenhouse located
at the Fazenda Bela Vista Florestal, located in the municipality
of Campo Belo- MG. It consisted of five substrates (Table 1)
and five doses of fertilizers (0.0; 0.3; 0.6; 1.2; 2.4),
corresponding to a 5X5 factorial with 5 replications in a
completely randomized design. Each experimental plot was
composed of one plant in each dibble-tube with a volume of
3.5dm? prepared with 200 cc of No. 01 crushed stone layer
covered with shade net on this substrate.

The substrate preparation was conducted in a
concrete mixer with a 400 dm3 capacity for better
homogenization. The percentages of each substrate was
measured based on volume. On this occasion doses of
macronutrient fertilizers were added. The micronutrient
fertilization was by solution in dibble-tubes.

The fertilizer doses were relative to a full dose of
fertilizer per vase, as suggested by Malavolta (1980). The
dose corresponding to 100% consists of 300, 200, 150, 75,
50 and 15 mg.dm-3 of nitrogen, phosphorus, potassium,
calcium, sulfur and magnesium, respectively, and for
micronutrient doses of5.0; 0.5; 1.5; 5.0;0.1; 3.6 mg.dm-3 of
zinc, boron, copper, iron, molybdenum and manganese,
respectively.

After the treatments were installed, the
transplanting of seedlings, produced by mini-cuttings from
a plant with the potential to become a clonal matrice was
carried out. The substrates were kept under constant
humidity with dailyirrigation. The plants were conducted
with pruning, used in clonal matrices for higher sprouting.

Measurements of the collar diameter of plants were
made at 90 and 150 days after transplanting, marking the
end of the experiment. During the experiment, pruning was
done to form the architecture of these matrices and stored
in Kraft paper bags, identified by treatment. At the end of
the experiment, plants were separated into principal stem,
leaves and root system, and the material was oven-dried at
65° C until constant weight. After this, the shoot dry matter
(SDM) (that is made up by leaves, stem and cut material),
root system (DMRS) and compound total dry matter (TDM)
were determined. The leaves and stem were analyzed
chemically in the laboratories of the Soil Science
Departament in Federal University of Lavras.

With the nutrient concentration values of the plants
and their dry matter production, we determined the
accumulation of nutrients in the aerial part. The data were
subjected to variance analysis and the means subjected to
regression analysis and Scott Knott test at 5%, using the
Sisvar statistical software (FERREIA, 2011).

Table 1 — Percentage of components of each substrate, measured based on volume.

Substrate Multiplant florestal® Vermiculite C.R.H. Soil Sand C.F.
1 100 0 0 0 0 0
2 0 50 20 20 0 10
3 0 0 0 50 50 0
4 50 0 0 10 0 40
5 65 25 10 0 0 0

*C.R.H.: Carbonized Rice hulls; C.F.: coconut fiber.
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RESULTS AND DISCUSSION
Collar diameter of clonal matrices

The evaluation of collar diameter of plants is one
of the most important morphological factors that can be
measured without the occurrence of any injury to the
plants, besides being considered an important parameter
in the seedling development after planting (GOMES,
2002).

All substrates showed an increase in the diameter
as a function of the fertilizer dose applied (Table 2), with
a posterior decrease in this variable. This behavior, as
illustrated in Figure 1 can be explained by the
“Mitscherlich law” that is based on the fact that with
each successive increment in the fertilizer quantity, there
isalessening of production, reaching a point of maximum
production and followed by a lower production, due to
the toxicity caused by fertilizer (LOPES; GUILHERME,
2000).

For all fertilizer doses applied, the substrate that
provided the smallest plant collar diameter was Substrate
three. Asimilar result was obtained by Pio et al. (2004), in
work with loquat, justifying the low substrate performance
to excess water retention and low porosity. In order for the
plant to have good development the substrate must present
good aeration, drainage, retention and availability of water,
the first two factors being related to macropores and the
other two with micropores and specific surface of the
substrate (FERREIA; DIAS- JUNIOR, 1997).

In the absence of fertilizers, independent of the
clonal matrice collar diameter measurement times (90 or
150 days), Substrate 1 provided the best development to
the plants, due to its favorable physical and chemical
properties. Pio et al. (2005) evaluating the development of
various substrates in the production of Jabuticaba
seedlings concluded that a product based on pine bark

(similar to Multiplant florestal®) provided better
development.

With exception of Substrate 3, better development
was estimated for all substrates when the fertilizer dose
was above 120% of that recommended by Malavolta (1980),
showing the high nutritional requirement for the specie
under study. The high nutritional requirements of
Australian Red Cedar is suggested by Moretti etal. (2011),
more studies being recommended for an understanding of
the appropriate fertilizer doses.

Dry matter production (DM)

For the SDM variable, except for Substrate 3, the
plants obtained production similar to that of the collar
diameter, and “Mitscherlich law” (Table 3). In Substrate 3
(50% soil, 50% sand) it was observed that the production
of SDM, RSDM and TDM decreased with the increase in
fertilizer doses (Figure 2). This result may be due to toxicity
caused in the plant even in low doses, being progressive
with dosage increase.

In the evaluation of TDM all plants presented a
lower dry matter weight at the 240% rate (suggested by
MALAVOLTA ,1980) compared with the 120% rate,
suggesting that the 240% rate would be causing toxicity
to the plant due the high fertilizer doses applied. These
results show the importance of developing new experiments
to define what should be the appropriate fertilizer dose for
the clonal matrice of Australian Red Cedar.

Levels and accumulation of nutrients in clonal
matrices.

Table 4 presents the nutrient levels and from this it
was possible to quantify the nutrient accumulation in the
shoot (Table 5) by the sum of the accumulation in the
leaves, the pruned material of matrices and that
accumulated in the stems.

Table 2 — Collar diameter of clonal matrices of Australian Red Cedar in five substrates and two time evaluations (90 and

150 days) in function of fertilizer dose percentage.

90 days 150 days
Fertilizer doses
Substrate 0 0.3 0.6 1.2 24 0 0.3 0.6 1.2 2.4
1 7.5a 7.3b 9.3a 9.6a 9.4a 7.6a 8.1b 9.8a 10.0a 9.9a
2 5.9b 7.0b 7.2b 8.3b 8.3b 6.3b 7.9b 7.8b 8.6b 8.6b
3 4.7c 4.6¢ 5.0c 4.3c 2.5¢ 4.8c 4.7c 5.0c 4.5¢ 2.5¢
4 5.0c 8.4a 8.9a 9.3a 7.8a 5.3c 8.7a 9.1a 9.5a 7.8b
5 5.9b 8.9a 9.6a 9.7a 8.7a 6.4b 9.1a 9.8a 10.0a 9.2a

* Means followed by the same letter in a column do not differ at a 5% level of significance, by the Scott Knott test.

Ciénc. agrotec., Lavras, v. 36, n. 3, p. 285-293, maio/jun., 2012



BENATTI, B. P. etal.

11
(150 days)l = -1,071x2+3,519x+ 7,575
10.3 RF=091
— 10
£ 95
Z o (90 days) 4 = -0.940x2+ 3,188x+ 7,185
£ g5 R:=081
Z 08
z .
0 0,3 0,6 12 24
Fertilizers rates a)
5.3

(150 days)ll = 0,621x2+0,583x+ 4,713

o 43
£ 4
3
z 33
% 3 (90 days) ® = -0,554x7 +0,423x+ 4,694
= 25 R:=097
N
] 0.3 0.6 12 24
Fertilizers rates
c)
11
10
A
= (130 days)W =-2,008x*+ 5.759x+ 6,865
% 7 R*=0091
z

Neck diameterimm}

Neck diameter{mm)

30 days)® = -0,773x*+2,662x+ 6,
150 day B = 077352+ 2,662+ 6,631
R*=0287

(90 days) ® = 0,756x*+2,761x+ 6,016

R?=097
6.5
6
0 03 08 12 24
Fertilizers rates b)
10
g
g
7 (150 days)l = -2,243x% + 6,06 Tx + 6,043
R?=0,833
6
(90 days)@ =-2,294x%+6,308x+ 5,708
5 R2=0,83
03 0,6 12 24

(90 days) @ = 1,944+ 5476x + 6,609

Fertilizers rates
d)

R2=0282
v 0,3 a6 12 24
Fertilizers rates
e

Figure 1 -a), b), c), d) and e). Collar diameter of the clonal matrice of Australian red cedar in substrates 1,2,3,4 and 5,

respectively, under fertilizer doses at 90 and 150 days.
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Table 3 — Production of shoot (SDM), root system (RSDM) and total (TDM) dry matter of clonal matrices in five

substrates in function of fertilizer doses.

SDM
Fertilizers doses
Substrate 0 0.3 0.6 1.2 24

1 6.42a 13.74a 14.45a 16.5a 16.48a
2 6.84a 8.41c 9.7b 10.44c 8.63b
3 6.08a 4.71d 4.65¢ 4.41d 3.31c
4 4.98a 12.11b 12.74a 14.23b 9.62b
5 5.27a 10.78b 14.43a 15.94a 14.79a

RSDM
1 11.5a 19.71a 20.87a 17.17a 11.69a
2 9.36a 9.33b 11.93b 8.99b 6.92b
3 2.11b 2.63c 1.59c 1.66¢ 0.5¢
4 4.32b 10.06b 10.32b 9.87b 8.62b
5 5.34b 12.07b 14.36b 12.27b 9.11b

TDM
1 17.92a 33.45a 35.32a 33.67a 28.17a
2 16.20a 17.74c 21.63c 19.43d 15.55¢
3 8.19b 7.34d 6.24d 6.07e 3.81d
4 9.30b 22.17b 23.06¢c 24.1c 18.24c
5 10.61b 22.85b 28.79b 28.21b 23.9b

* Means followed by the same letter in column do not differ at a 5% level of significance, by the Skott Knott test.

It is evident by the nutrient accumulation data that
with higher fertilizer doses, the accumulation of nutrients
increases in the plant, but in some cases (Substrate 3) the
inverse occurs, a lower accumulation with higher fertilizer
doses applied, which can be explained by the low substrate
aeration, providing an unfavorable environment to the root
growth (PIO, 2005), resulting on a lower plant development
and consequently poor nutrient accumulation.

Calcium, potassium and nitrogen are the nutrients
that obtained the highest levels in the leaves of clonal
matrices. The high calcium content, and consequently
the high calcium requirement by Australian Red Cedar is

pointed out by Souza et al. (2010), fertilizing at planting
and in coverage being a necessary according to soil
analysis. Potassium, in general, is the second nutrient
most required by the culture (FAQUIN, 2005), and high
levels of nitrogen in leaves, corroborate with the study
by Moretti et al. (2011), with Australian Red Cedar plants
in vases.

The nutrients that had higher accumulations were
calcium, nitrogen and potassium. And the micronutrients
that had the most accumulation in shoots of clonal matrices
of Australian Red Cedar were iron, manganese, zinc and
boron.
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Figure 2 —a), b), c), d) and e). Production of shoot (SDM), root system (RSDM) and total (TDM) dry mater of clonal
matrices of Australian Red Cedar in substrates 1,2,3,4 and 5, respectively, under fertilizer doses.
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Table 4 — Nutrients contents in leaves of matrices of Australian Red Cedar in different substrates under fertilizer doses.

N P K Ca Mg S B Cu Fe Mn Zn
Subst.  Dose g kg™ mg kg
1 0 15 477 2221 31.58 6.37 226 2897 4.18 90.02 3312  19.19
1 03 21 644 1951 331 7.17 3.05 3288 295 164.53 3757 216
1 06 25 922 2281 3585 6.96 4.37 2531 287 137.04 4336  24.71
1 12 29 954 18.01 4829 9.17 452 31.88 266 142.92 69.62  30.64
1 24 29 788 153 5592 1041 3.73 38.18 237 146.01 11332 36.24
2 0 16 532 2371 1921 10.16 252 3494 354 15272 100.36  30.11
2 0.3 28 546 2041 1385 1145 259 3089 458 1349 98.93  28.65
2 06 25 504 1681 18.02 128 238 37.08 355 14184 11807 26.11
2 1.2 31 201 1831 202 16.94 273 5056 291 15163 1394 24.28
2 24 22 208 96 16.91 506 1.56 1785 4.86 84.54 61.46  26.79
3 0 32 371 2461 2298 20.01 3.73 7425 331 12049 31237 4342
3 03 35 249 1651 14.76 492 152 1482  7.08 78.13 16359  31.23
3 06 38 103 1891 128 412 1.66 2023 282 79.22 23419  50.55
3 12 51 11 2161 15.84 407 22 39.31 439 12377 536.82 1334
3 24 50 1 22.6 13.54 38 27 2742 418 11914  427.84 127.07
4 0 19 284 2311 29.39 6.03 6.23 41.62  7.87 94.14 50.19 127.07
4 03 25 321 2701 28.69 521 3.23 38.18 528 14884 38.02 2537
4 06 24 293 2761 26.01 487 3.05 33.9 3.09 84.87 2285  27.24
4 1.2 30 311 2551 2836 537 281 32.88 3.01 53.51 4487  38.39
4 24 38 49 2551 36.84 6.85 3.52 4162 416 126.13 12089 50.12
5 0 14 216 1981 39.6 9.19 266 32.88 275 104.29 57.66  20.86
5 03 21 302 1861 3283 8.17 259 37.08 09 154.7 52.5 22.22
5 06 21 34 2341 37.99 92 362 28.03 216 119.14 41.62  23.26
5 1.2 27 321 138 46.38 1121 245 4282 331 18057 10152 275
5 24 30 382 141 51.23 13.79 2.89 5196 1754 23195 15521  37.69
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Table 5 — Accumulation of nutrients in shoot of matrices of Australian Red Cedar in different substrates under

fertilizer doses.

N P K Ca Mg S B Cu Fe Mn  Zn
Substrate  Dose  SDM (g) g plant™ ug planta™

1 0 6.42 86 27 130 188 37 13 171 23 531 213 120
1 0.3 13.74 260 77 245 420 86 37 406 36 1942 550 290
1 0.6 14.45 322 112 294 467 86 55 346 36 1714 656 347
1 1.2 16.50 446 140 278 722 130 70 477 37 2165 1166 529
1 2.4 16.48 456 123 252 823 150 62 553 42 2319 1835 617
2 0 6.84 103 33 156 125 66 17 230 25 979 661 197
2 0.3 8.41 221 41 167 106 87 22 278 41 993 785 233
2 0.6 9.70 232 43 156 149 108 24 325 35 1164 1042 263
2 1.2 10.44 305 21 180 174 144 29 449 31 1336 1326 258
2 2.4 8.63 185 18 83 144 42 13 153 44 724 518 230
3 0 6.08 180 24 137 115 101 22 364 21 637 1579 273
3 0.3 471 160 11 75 68 22 7 71 32 363 734 147
3 0.6 4.65 171 5 84 60 18 8 94 13 364 1088 230
3 1.2 441 217 5 92 70 18 10 164 20 541 2290 592
3 2.4 3.31 164 3 74 45 12 9 90 14 395 1414 420
4 0 4.98 90 14 113 144 29 30 199 39 464 254 624
4 0.3 12.11 276 37 303 341 59 38 418 69 1645 480 303
4 0.6 12.74 279 38 316 308 55 36 373 45 1005 336 344
4 1.2 14.23 406 50 337 370 69 41 415 51 801 642 544
4 2.4 9.62 336 50 234 338 60 33 354 43 1192 1159 526
5 0 5.27 70 11 101 203 a7 14 166 15 543 308 112
5 0.3 10.78 203 30 187 325 79 26 353 12 1461 582 226
5 0.6 14.43 275 47 298 466 111 45 355 32 1480 627 317
5 1.2 15.94 391 56 215 624 149 38 570 51 2455 1515 442
5 2.4 14.79 423 62 202 666 176 41 661 215 3034 2085 577

CONCLUSIONS

The Australian Red Cedar has high nutritional
requirements, having its best development at higher
fertilizers doses than those recommended for vases
proposed by Malavolta (1980).

The substrate used for the development of clonal
matrices of Australian Red Cedar has fundamental
importance in its growth. The substrates composed of 100%
Multiplant florestal® or 50% Multiplant florestal®, 10% soil
and 40% coconut fiber or 65%Multiplant florestal®, 25%
vermiculite and 10% carbonized rice hulls allowed the
largest collar diameter of the clonal matrices.

The substrate composed of 100% Multiplant
florestal® provided the highest shoot, root system and
total dry matter production for the clonal matrices.

The substrate composed of 50% soil and 50%
sand does not show desirable characteristics for a
good development of clonal matrices of Australian
Red Cedar.
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