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ABSTRACT: This study aims to identify correlations between growth variables and the Dickson quality index in seedlings of
Eucalyptus grandis and Pinus elliottii var. eliottii. The experiment was conducted in a greenhouse and the following variables were
observed: stem base diameter, shoot height, number of leaves, leaf dry matter, stem base dry matter, root dry matter, shoot dry
matter, total dry matter, ratio of shoot dry matter to root dry matter and ratio of shoot height to stem base diameter in E. grandis 60,
75, 90, 105 and 120 days after seedling emergence, and in P. dliottii 25, 50, 75, 100, 125, 150 and 175 days after seedling emergence.
Using Pearson correlation and also path and regression analyses, correlations were analyzed between observed variables according to
day after emergence and the Dickson quality index. Stem base diameter was found to have stronger correlation with days after
emergence in comparison to shoot height, in both species. Root dry matter was found to have stronger correlation with the Dickson
quality index. Stem base diameter was the most suitable parameter to indicate seedling quality dueto its higher correlation level with
the Dickson quality index. Shoot height was only effective to indicate seedling quality if analyzed together with stem base diameter.
Variables relating to dry matter showed the highest correlations with the Dickson quality index (DQI), followed by stem base
diameter. Conversely, number of |eaves showed the poorest correlations with DQI, followed by seedling height.
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RELACOES ENTRE VARIAVEIS DE CRESCIMENTO E O INDICE
DE QUALIDADE DE DICKSON EM MUDAS FLORESTAIS

RESUMO: Neste estudo, objetivou-se identificar a relacsio entre variaveis de crescimento e o indice de Qualidade de Dickson, em
mudas de Eucalyptus grandis e Pinus elliottii var. elliottii. O trabalho foi realizado em casa de vegetagédo, com as observacoes das
variaveis diamtero de colo, altura da parte aérea, nimero de folhas, fitomassas secas de folhas, do colo, do sistema radicular, da
parte aérea e total, as relagdes da fitomassa seca da parte aérea/ fitomassa seca do sistema radicular e da altura da parte aérea/
didmtero de colo em E. grandis aos 60, 75, 90, 105 e 120 dias e em P. elliottii aos 25, 50, 75, 100, 125, 150 e 175 dias apds emergéncia
das mudas. Pela correlacio de Pearson, analises de trilha e de regressdo, avaliaram-se as relagdes entre as variaveis observadas
com os dias apds a emergéncia e o indice de qualidade de Dickson. O diantero de colo apresentou maior relacdo com os dias apos
emergéncia, quando comparado com a altura da parte aérea, para ambas as espécies estudadas. A fitomassa seca de raiz esteve mais
correlacionada com o indice de qualidade de Dickson. O diamtero de colo foi mais propicio para indicar qualidade de muda, em
razdo do seu maior grau de relagdo com indice de qualidade de Dickson. A variavel altura da parte aérea so se apresentou eficiente
paraindicar qualidade de mudas, quando analisada juntamente com o diamtero de colo. As fitomassas secas sdo as variaveis com
maiores relagdes com o indice de Qualidade de Dickson (IQD), seguidas do diamtero de colo. J&, o nimero de folhas, seguido da
altura da muda, sdo as com menores relactes como 1QD.

Palavras-chave: Eucalyptus grandis, Pinus elliottii, andlise de trilha, regressdo, correlagéo linear.

1 INTRODUCTION desirable volume (GOMES et al. 2002). One of the problems
faced by producers of forest seedlingsinvolves being able
to pinpoint characteristics with which to anticipate seedling
size and performance in the field. This type of analysis,

according to Reis et al. (2008a), is often intuitive and lacks

Production of forest seedlings is one of the most
important stages in the establishment of forest stands asiit
strongly affects forest yield. A successful, high yielding

stand is closely dependent on the quality of planted
seedlings, which should be capable of resisting adverse
field conditions and grow into trees with an economically

an appropriate definition to explain seedling survival and
growth requirements. Therefore, understanding existing
correlations between morphological parametersis key to
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identifying the best production methods and planting
seasons to ensure good quality seedlings (REIS et al.
2008h).

Several variables are used to evaluate seedling
quality, including shoot height, root configuration, stem
base diameter, ratio of shoot to root, ratio of stem base
diameter to shoot height, dry and fresh matter weight of
shoot and root, shoot stiffness and nutritional aspects
(PAIVA & GOMES 1993).

The correlation between seedling height and shoot
dry matter weight is an element to consider, due to their
good relative contribution toward the seedling quality
pattern (GOMES et a. 2002). These authors report that the
lower the ratio of height to shoot dry matter weight, the
more lignified the seedling and the greater itsfield survival
capability. Wendling et a. (2005) demonstrated that rating
seedlings according to height class has been widely used
in commercial nurseries, facilitating fertilization and
irrigation management, particularly to stimulate the growth
of smaller seedlings. However, Fonseca et a. (2002) argue
that variables used for evaluating seedling quality should
not be studied separately, that way avoiding the risk of
selecting higher and yet weaker seedlings while discarding
smaller, sturdier ones.

The Dickson quality index - DQI (DICKSON et al.
1960) isatool to evaluate seedling quality as a function of
total dry matter (TDM), shoot height (SH), stem base
diameter (SBD), shoot dry matter (SDM) — sum of stem
base dry matter and leaf dry matter —and root dry matter
(RDM), and is given by the expression:

TDM(g)
SH(cm) N SDM(g)
SBD(mm) RDM(g)

DQI =

DQI is considered a promising integrated measure of
morphological traits (JOHNSON & CLINE 1991) and
thought to be a good indicator of seedling quality as its
calculation computes robustness and biomass distribution
while considering several important parameters (FONSECA
et a. 2002).

Given the above, this work aims to identify the
relationship between morphological growth variables and
the Dickson quality index so as to predict seedling quality
in Eucalyptus grandis and Pinus elliottii.

2 MATERIAL AND METHODS

This work was conducted in a temperature-
controlled greenhouse 6 X 30 min size and located in the
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Rural Sciences Center of the Federal University of Santa
Maria (CCR-UFSM) &t latitude 29°43' 14.51" south and
longitude 53°43'18.47"" west, at an dtitude of 93m. Seedlings
of Eucalyptus grandis W. Hill ex Maid. and Pinus elliottii
var. elliottii — Engelm were used, produced in T53/4
polypropylene tubes 125 mm in height, 12 mm in upper-end
diameter, with a capacity of 53 cm?. Seeds of E. grandiswere
provided by Santa Maria Forest Nursery, as obtained from
lot EGR24 of the Seed Production Area (SPA) of Horto
Florestal da Estancia, a property owned by Riocell-Guaiba/
RS — known today as Aracruz Celulose. Seeds of P. dliottii
were also provided by Santa Maria Forest Nursery, as
obtained from plot T3V/lot CB14 of a Seed Production Area
(SPA) of the Forest Research and Studies Institute (Seeds
Division: Production, Technology and Commerciaization
of Forest Seeds), in Capéo Bonito (SP). The substrate used
for E. grandis was Plantmax® and the substrate used for P.
liottii was peat, with nutrient adjustments, applying 2.30
g of urea after each seedling measurement.

The experiment consisted of two trays containing
224 seedlings of eucalyptus and two trays containing 233
seedlings of pine. Evaluations of E. grandis were made 60,
75, 90, 105 and 120 days after the emergence of plant
embryos (DAE), while evaluations of P. liottii were made
25, 50, 75, 100, 125, 150 and 175 days after embryo
emergence. In each evaluation, 32 seedlings of E. grandis
and 24 seedlings of P. elliottii were sampled in tray 1—the
tray with varied competition, that is, rearranging the
remaining seedlingsin order to verify their behavior under
conditions of improved light and aeration.

Assessed variables included stem base diameter
(mm), shoot height (cm), number of leaves (NL), leaf dry
matter (LDM), stem base dry matter (SBDM), root dry
matter (RDM), shoot dry matter (SDM), total dry matter
(TDM), ratio of shoot to root (RSR), ratio of shoot height
to stem base diameter (RHD) and Dickson quality index
(DQI). To obtain dry matters, each component (leaves, stem
base, roots) were placed separately in paper bags and oven
dried at 75° to 80°C for 72 h, with values expressed as g
plant*. After each data collection, remaining seedlingsin
tray 1 were rearranged so as to verify the influence of
improved light and aeration conditions on seedlings. In
tray 2 — the tray with full competition, that is, with no
seedling removal —, also containing 224 and 233 seedlings
of E. grandisand P. elliottii respectively, assessed variables
included stem base diameter (SBD in mm), shoot height
(SH in cm) and number of leaves (NL), selecting the same
number of seedlingsasin tray 1.
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The Pearson linear correlation analysis was applied
between all observed variables, and correlation coefficients
were broken down into direct and indirect effects through
path analysis (CRUZ & CARNEIRO 2003), with DQI set as
dependent variable.

A multiple linear regression analysis of DQI was
conducted as a function of independent variables shoot
height, stem base diameter and days after emergence. For
E. grandis, number of leaves was also used as an
independent variable. A simple linear regression analysis
was also conducted, always computing days after
emergence as independent variable, in full and varied
competition. These analyses enable identifying, among
non-destructive testing variables, those with stronger
correlationswith DQI and days after emergence, allowing
estimations of seedling quality on the basis of time spent
inthe nursery.

To select the best regression models, higher
adjusted coefficient of determination (R2g), lower
coefficient of variation (CV%) and lower mean standard
error (Syx) criteriawere used. A 5% probability level was
adopted in al statistical analyses.

3 RESULTS AND DISCUSSION

All correlation coefficients were positive and
significant (Table 1). In Pinus dliottii, variable height
showed a higher correlation with other variables in
comparison to Eucalyptus grandis. Variable number of
leavesin E. grandis showed lower correlation coefficients,
demonstrating a degree of unreliability in using it as an
indicator of seedling quality. Root dry matter proved highly
correlated with DQI, DAE, SBD, TDM, SBDM and LDM,
in both species. According to Hermann (1964), root dry
matter is acknowledged to be one of the best and most
important variables for determination of survival and
establishment of field seedlings, validating the significant
relationship obtained in this study.

While studying seedlings of Schinus
terebinthifolius Raddi, José et al. (2005) observed that root
growth potential was significantly correlated with stem
base diameter, agreeing with results obtained here, where
stem base diameter was the variable most strongly
correlated with the others, aresult also shared by Johnson
& Cline (1991).

Ratio of shoot dry matter to root dry matter can be
considered an effective, safe index to evaluate seedling
quality, as described by Parviainem (1981), as that
correlation was found positive and significant (Table 1)
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upon analysis of the Pearson correlation coefficient for
SBDM and LDM with RDM.

Stem base diameter was found to be strongly
correlated with all parameters, along with root dry matter,
both inE. grandisand in P. dliattii. In fact, the architecture
of the root system directly influences seedlingsin that the
greater the root area for nutrient absorption, the more
positive the growth behavior. Thus stem base diameter
along with root dry matter come as key morphological
variables for determination of seedling quality, higher
values corresponding to increased root volume, a result
also shared by Daniel et al. (1997) with seedlings of Acacia
mangium.

Significant correlations were found between the
Dickson quality index (DQI) and variables height, stem
base diameter and days after emergence, indicating a
satisfactory outcome due to the fact that the assessment
of these variables has a non-destructive nature and thus
facilitates and enables experimentation in forest nurseries.
While studying seedling quality in Trema micrantha (L.)
Blume, Fonseca et al. (2002) reported that DQI is highly
correlated with all morphological parameters, agreeing with
results in this study. Table 1 shows a tendency toward
higher correlation coefficients for P. elliottii than for E.
grandis, with special mention of DAE and SBD.

The degree of multicollinearity was considered
weak, despite the significant correlations, allowing the use
of all variables. Irrespective of the species, RDM followed
by LDM showed the strongest direct effects while other
variables, the strongest indirect effects, affecting
estimations of direct effects with DQI (Table 2). This
behavior demonstrates that in reality these variables are
the true indicators of seedling quality.

Correlations of RDM and LDM with height and
stem base diameter are of extreme importance. With these
positive significant correlations it can be said that height
and stem base diameter are indicators of RDM and LDM
estimations.

The above statement is based on Table 3 results,
where higher scoring equations, thus indicating better
estimations, were those having height and stem base
diameter as independent variables (equations E6, E1, ES
and E2 for E. grandis, and P3, P2, P7 and P5 for P. elliottii).

Days after emergence (DAE) was another very
important variable in high scoring equations, showing that
throughout the seedling cycle there is an increase in the
vaues of al other variables and, consequently, in seedling
quality. As regards E. grandis, equation E2 came fourth
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Table 1 — Pearson correlation coefficients among Dickson quality index (DQI) and other observed variables in seedlings of
Eucalyptus grandis and Pinus elliottii. Santa Maria, RS, 20009.

Tabela 1 — Coeficientes de correlagéo de Pearson entre indice de qualidade de Dickson (DQI) e as demais variaveis observadas
em mudas de Eucalyptus grandis e Pinus elliottii. Santa Maria, RS, 2009.

Eucalyptus grandis Pinus elliottii
DAE 0.7958 0.8455
SH 0.6557 0.7072
SBD 0.8780 0.8497
DO versus NL 0.3902
SBDM 0.8818 0.8279
LDM 0.8862 0.8674
RDM 0.9677 0.9934
TDM 0.9461 0.9357
SH 0.5162 0.8002
SBD 0.7726 0.8846
NL 0.1824
DAEvs SBDM 0.6975 0.8378
LDM 0.5880 0.8382
RDM 0.8135 0.8650
TDM 0.6939 0.8727
SBD 0.7176 0.7674
NL 0.4703
SH Vs SBDM 0.8112 0.7830
LDM 0.7346 0.8140
RDM 0.7111 0.7509
TDM 0.7741 0.8100
NL 0.2946
SBDM 0.8033 0.8943
SBD vs LDM 0.7372 0.8522
RDM 0.8382 0.8722
TDM 0.8084 0.8896
SBDM 0.5643
NL Vs LDM 0.5811
RDM 0.3569
TDM 0.5432
LDM 0.9010 0.9001
SBDM vs RDM 0.8740 0.8674
TDM 0.9508 0.9259
LDM vs RDM 0.8247 0.9149
TDM 0.9789 0.9848
RDM vs TDM 0.9167 0.9681
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Table 2 — Direct and indirect effects and coefficient of determination (R?), obtained by using path analysis between the Dickson
quality index and other observed variables in seedlings of Eucalyptus grandis and Pinus elliottii. Santa Maria, RS, 2009.

Tabela 2 — Efeitos direto e indireto e coeficiente de determinacéo (R?) obtidos pela andlise de trilha entre o Indice de Qualidade de
Dickson e as demais variaveis observadas em mudas de Eucalyptus grandis e Pinus elliottii. Santa Maria, RS, 2009.

Eucalyptus grandis

Effects

DAE SH SBD NL SBDM LDM RDM TDM
Direct -0.0059  -0.2346 0.2688 -0.0038 0.0625 0.6250 0.7812 -0.5000
Indirect via DAE -0.0030 -0.0046 -0.0011 -0.0041 -0.0035 -0.0048 -0.0041
Indirect via SH -0.1211 -0.1683  -0.1103  -0.1903 -0.1723  -0.1668 -0.1816
Indirect via SBD 0.2077 0.1929 0.0792 0.2159 0.1982 0.2253 0.2173
Indirect via NL -0.0007  -0.0018  -0.0011 -0.0021  -0.0022  -0.0013 -0.0020
Indirect via.  SBDM 0.0436 0.0507 0.0502 0.0353 0.0563 0.0546 0.0594
Indirect via LDM 0.3675 0.4591 0.4607 0.3631 0.5631 0.5154 0.6118
Indirect via RDM 0.6355 0.5556 0.6549 0.2788 0.6828 0.6443 0.7162
Indirect via TDM -0.3469 -0.3870 -0.4042 -0.2716 -0.4754 -0.4895 -0.4584
R? 0.9679
Effects Pinus dlliottii

DAE SH SBD SBDM LDM RDM TDM
Direct 0.0062 -0.0169 0.0065 -0.1250 -0.5000 1.0000 0.5000
Indirect via DAE 0.0049 0.0054 0.0052 0.0052 0.0053 0.0054
Indirect via SH -0.0135 -0.0130 -0.0132 -0.0138 -0.0127 -0.0137
Indirect via SBD 0.0057 0.0050 0.0058 0.0055 0.0056 0.0058
Indirect via SBDM -0.1047 -0.0979 -0.1118 -0.1125 -0.1084 -0.1157
Indirect via LDM -0.4191 -0.4070 -0.4261 -0.4501 -0.4575 -0.4924
Indirect via RDM 0.8650 0.7509 0.8722 0.8674 0.9149 0.9681
Indirect via TDM 0.4363 0.4050 0.4448 0.4629 0.4924 0.4840
R? 0.9228

(Table 3), with independent variables DAE and SBD and
R2, = 0.8025, very close to the highest scoring equation
E6, with Rz, =0.8248. However, E6 includes variable NL.
Models suggested as second and third best scoring
models— E1 and E5 respectively — alsoinclude SH. It is
thus suggested that model E2 be selected for the reason
that, among the four best scoring models, it is the easiest
to obtain and because its R?gj, CV% and Syx values are
very close to the highest scoring model (E6 = 39).

Model E11, in which DAE individually explainsDQI,
is not suggested, as it comes last but one in scoring,
reinforcing the fact that DAE can be accepted aong with
SBD as an independent variable to explain DQI. Also, SH as
an independent variable to individually explain DQI (model

E12) showed the poorest score out of the 13, it being a great
risk to use it individually to explain DQI. To a certain degree,
this result relates to assertions made by Gomes & Paiva
(2004), who reported that using shoot height as sole criterion
to evaluate seedling quality in forest species can prove
deficient where a high performance is expected from them.
Asregards P. dlliottii, the best scoring model, P3,
is related to independent variables DAE and SBD and is
considered one of the easiest to obtain (Table 3). According
to Gomes & Paiva (2004), stem base diameter, being easily
measurable, is considered by many researchers a critical
parameter for estimating field survival of forest seedlings.
According to these authors, in several forest species, the
quality standard of seedlings ready for planting has a high
correlation with said parameter, and that can be verified by
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Table 3 — Coefficients of variation (CV%) and adjusted determination (R%gj), standard deviation (Syx) of equations between
observed variables in seedlings of Eucalyptus grandis and Pinus elliottii. Santa Maria, RS. 20009.

Tabela 3 — Coeficientes de variagdo (CV%) e de determinacdo ajustado (R?aj), desvio padréo (Syx) das equagdes entre variaveis
observadas em mudas de Eucalyptus grandis e Pinus elliottii. Santa Maria, RS. 2009.

Criterion

Equations CV% R%j Syx V% i Y Sum of scores
Eucalyptus grandis
El 23.68 0.8237 0.00735 12 12 12 36
E2 25.06 0.8025 0.00778 10 10 10 30
E3 30.30 0.7114 0.00941 4 4 5 13
E4 3133 0.6914 0.00973 3 3 4 10
E5 24.96 0.8041 0.00775 11 11 11 33
E6 23.61 0.8248 0.00733 13 13 13 39
E7 29.40 0.7283 0.00913 5 5 6 16
E8 27.09 0.7693 0.03766 6 6 1 13
E9 26.02 0.7871 0.00808 9 9 9 27
E10 26.08 0.7860 0.00810 8 8 8 24
E11l 34.26 0.6309 0.01064 2 2 3 7
E12 42.71 0.4263 0.01326 1 1 2 4
E13 27.08 0.7694 0.00840 7 7 7 21
Pinus dlliottii
P1 59.50 0.4971 0.07201 1 1 1 3
P2 41.26 0.7582 0.04995 6 6 6 18
P3 41.13 0.7597 0.04980 7 7 7 21
P4 44,93 0.7132 0.05440 2 2 2 6
P5 44.37 0.7204 0.05372 4 4 4 12
P6 44.86 0.7175 0.05431 3 3 3 9
P7 43.91 0.7261 0.05316 5 5 5 15

E1) DQI= -0.0410 + 0.00025*dae + 0.00034*sbd - 0.000094*sh + 0.00044* nl

E2) DQI = -0.0388 + 0.00024*dae + 0.37435*shd

E3) DQI = -0.0395 + 0.00051*dae + 0.00341* sh

E4) DQI = -0.0333 + 0.000617*dae + 0.000689* nl

E5) DQI = -0.0404 + 0.000246* dae + 0.33969*sbd + 0.000782* sh
E6) DQI = -0.0412 + 0.000255* dae + 0.33953*sbd + 0.000433*nl
E7) DQI = -0.0400 + 0.000523*dae + 0.00261*sh + 0.00042* nl
E8) DQI = -0.0349 + 0.48164*shd + 0.000542* sh

E9) DQI = -0.0357 + 0.47910*sbd + 0.000392*nl

E10) DQI = -0.0353 + 0.48934*shd - 0.000288*sh + 0.00041* nl
E11) DQI = -0.0279 + 0.00065* dae

E12) DQI = -0.0168 + 0.0067* sh

E13) DQI = -0.0339 + 0.5034* shd

P1) DQI = -0.1475 + 0.0282 *sh

P2) DQI = -0.126 + 0.00086519*dae + 0.00108*sbd + 0.000320* sh
P3) DQI = -0.125 + 0.000874*dae + 0.00109* shd

P4) DQI = -0.050 + 0.00171*dae

P5) DQI = -0.167 + 0.00198*sbhd

P6) DQI = -0.069 + 0.00157*dae + 0.00340* sh

P7) DQI = -0.183 + 0.00174*shd + 0.00535*sh
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significant increases in survival and growth rates of plants
out in thefield.

The second best scoring model had SH added, in
agreement with Gomes et al. (2002), suggesting that SBD,
whether measured in isolation or in combination with SH,
was an important morphological trait to predict seedling
quality in forest species. It should be noted that SBD
appears as independent variable in all four best scoring
models, it being of great importance, as with E. grandis,
disregarding plant matter. The reliability of DAE inisolation
to explain DQI is poor, as model P4 abtained the second
lowest score. In analyzing model P1 (Table 3), SH proved
unreliable to explain DQI, as this model obtained the lowest
score, similarly toE. grandis.

463

In comparing the effects of different competition
types, best model fits were obtained for varied competition,
irrespective of the species (Table 4). This can be explained
by the fact that varied competition allows more room
between seedlings throughout the development cycle,
allowing better light absorption than full competition and
favoring more evenly distributed diameters.

Asfor SH in full competition, seedlings tended to show
anirregular growth pattern while striving for light absorption,
and this behavior caused them to differ, with sturdier seedlings
outstripping weaker ones, characterizing dissimilar behavior in
comparison to varied competition, in both species. This result
can be confirmed by observing that in both speciesthe analysis
of height in full competition derived asmaller Rz value and a

Table 4 — Coefficient of determination (R?) and standard deviation (Syx) of equations between observed variables in seedlings of
Eucalyptus grandis and Pinus élliottii, for each competition type. Santa Maria, RS. 2009.

Tabela 4 — Coeficiente de determinacdo (R?) e desvio padrao (Syx) das equagdes entre as variaveis observadas em mudas de
Eucalyptus grandis e Pinus elliottii com diferentes niveis de competicdo. Santa Maria, RS. 2009.

Eucalyptus grandis
Full competition Varied competition
NL vs DAE
NL =13.30 + 0.01DAE NL =7.32 + 0.06DAE
R? 0.0046 0.0388
Syx 5.76 6.05
SBD vs DAE
SBD = 35.23 + 1.05DAE SBD =22.00 + 1.17DAE
R? 0.4716 0.5879
Syx 23.55 19.97
SH vs DAE
SH = 2.82 + 0.05DAE SH = 2.65 + 0.05DAE
R? 0.2310 0.3029
Syx 1.90 1.49
Pinus dliottii
Full competition Varied competition
SBD vs DAE
SBD = 78.02 + 0.69DAE SBD = 70.23 + 0.75DAE
R? 0.7662 0.7736
Syx 19.11 19.35
SH vs DAE
SH = 5.53 + 0.456DAE SH = 4.78 + 0.049DAE
R? 0.2009 0.6408
Syx 3.93 1.39
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higher Sxy value than in varied competition, indicating greater
variability in growth pattern.

The correlation of SBD with DAE was better
evidenced with estimations from linear equations for the
relevant species (Table 4), which, in comparison to other
equations, having height and number of leaves as
dependent variables, in eucalyptus, those correlating SBD
with DAE showed best fittings. This indicates that, in order
to verify the degree of seedling quality, stem base diameter
is the non-destructive testing variable that best expresses
this characteristic, in other words, the larger the diameter,
the greater the shoot dry matter volume and the higher the
DQI value, indicating better quality.

4 CONCLUSIONS

Dry matter variables are the most strongly correlated
with the Dickson quality index (DQI), followed by stem
base diameter.

Number of leaves is the variable showing the
poorest correlation with DQI, followed by seedling height.
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