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Does woody species with contrasting
root architecture require different
container size in nursery?
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ABSTRACT

Small containers used in seedlings production of tree species with different root architecture can result in serious constraints for root growth and
unsuitable plant quality, with potential impacts on field performance. We compare responses of root morphology to changes in container size and shape
in both deep-rooting (Acacia caven) and shallow-rooting (Baccharis linearis) species, both commonly used in active restoration plans in central Chile. For
both species, seedlings were cultivated in four different PVC container-types varying in size (440 mL and 880 mL) and shape ([10, 20, 35, and 45] cm in
length), and a control treatment that consists in the commonly container-type used in Chilean nurseries (440 mL black polyethylene bag). Seedlings were
cultivated for one growing season under controlled conditions and a set of above- and belowground morphological parameters were evaluated. A second
short experiment was performed afterwards to evaluate potential seedling quality through the root growth potential (RGP) test. Results showed that an
increase in container volume differently affected morphological parameters of A. caven and B. /inearis seedlings. The control treatment had high presence
of spiral roots for the deep-rooting species, restricting normal root growth. For both species, elongated containers (>35 cm) produced seedlings with
smaller shoots with longer root systems and without deformations in the taproot or main root. Elongated containers also restarted growth of new roots
more deeply in the container as result of the RGP test. We concluded that contrasting root architecture of native species require different container size
in nursery to promote an adequate root development and growth.

KEYWORDS: container design, pioneer plants, root growth, seedling quality.

RESUMEN

El uso de contenedores pequefios en produccién de especies arbéreas con diferente arquitectura radical puede generar serias restricciones para el
crecimiento de las raices y producir plantas de pobre calidad y bajo desempefio en campo. El objetivo del estudio fue comparar respuestas morfoldgicas
radicales al cambiar el tamafio y la forma del contenedor en especies de enraizamiento profundo (Acacia caven) y supetficial (Baccharis linearis), ambas de
alto interés para la restauracion activa en Chile central. Las plantulas fueron cultivadas en cuatro tipos de tubos de PVC, que variaban en tamafio (440
mL y 880 mL) y forma ([10, 20, 35 y 45] cm de longitud vertical), més el control definido por la bolsa negra tradicional de polietileno de 440 mL
(contenedor tradicional). Las plantulas fueron cultivadas durante una temporada de crecimiento bajo condiciones controladas. Al final del periodo de
estudio se evaluaron altura y didmetro de tallo, longitud de raiz principal o pivotante, biomasa de raices laterales y relacién biomasa aérea/radical.
Posteriormente, se aplic6 la prueba de potencial de crecimiento radical (PCR) a un conjunto de plantulas seleccionadas al azar. Los resultados mostraron
que un incremento en el volumen del contenedor afect6 de forma diferenciada los parametros morfolégicos de A. caven 'y B. linearis. Se observé un alto
porcentaje de raices en forma de espiral en la especie con rafz pivotante (A. caven) cultivada en contenedores tradicionales. En ambas especies, los
contenedores alargados (>35 cm) produjeron plantas con vastagos mds pequefios, rafces mas largas, sin deformaciones y con mayor capacidad de
recuperar el crecimiento de raices nuevas en zonas profundas del contenedor. Este estudio concluye que especies arbéreas con diferente arquitectura
radical requieren de contenedores diferentes durante la fase de produccién en vivero para promover el adecuado desatrollo y crecimiento de raices.

PALABRAS CLAVE: diseflo de contenedores, especies pioneras, crecimiento radical, calidad de plantula.



De la Fuente et al. Root architecture require different container size

INTRODUCTION

Experiences in dryland reforestation recognize the importance of
seedling quality, and particularly, belowground components (root
architecture and morphology) of woody species for water stress
resistance (Padilla and Pugnaire 2007; Negreros-Castillo,
Apodaca-Martinez and Mize, 2010; West ez al, 2012; Ovalle,
Ginocchio, Arellano and Valenzuela, 2017). In xerophytic
species, the ability of seedlings to survive drought periods after
outplanting largely depends on roots developed during the
nursery phase. Therefore, nursery practices should be designed to
promote proper root development to optimize the acquisition of
limited site resources after outplanting (Luis ¢f a/, 2009). Suitable
plant containers for proper root system development are a key
aspect in nursery production (Chirino, Vilagrosa, Hernandez,
Matos and Vallejo, 2008; Mariotti ez a/, 2015). Seedling root
development is affected by shape, size, color, and container
material (Dumroese and Landis, 2015). For example, a gain up to
40% in root biomass has been found when container volume is
doubled (Poorter, Buhler, Van Dusschoten, Climent and Postma,
2012). In general, the propagation of native woody species in
semiarid ecosystems utilizes black polyethylene bags with
volumes as low as 400 mL (Aghai, Pinto and Davis, 2014). These
containers do not promote lateral root self-pruning at eatly
growth stages; therefore result in root deformation and restricted
shoot growth and root depth (Dominguez-Lerena ez al., 2006) and
unsuitable shoot/root biomass ratios that negatively impact the
water economy of seedlings (T'sakaldimi, Zagas, Tsitsoni and
Ganatsas, 2005). This is particularly relevant in tree species
adapted to dry environments that have fast growing taproots and
long lateral and superficial roots (Ovalle, Arellano and Ginocchio,
2015). Therefore, to obtain adequate morpho-type seedlings, a
container with basal root pruning and suitable size (volume) and
shape (diameter and depth) should be used to prevent spiral
taproot formation and to improve both generation of lateral
roots, and root distribution (Chirino ez a/,, 2008; Ovalle, Arellano,
Ginocchio and Becerra, 2016; De la Fuente, Ovalle, Arellano and
Ginocchio, 2017).

OBJECTIVES

The aim of the present study is to compare responses of root

morphology to changes in size and shape of containers in both a
p 2y g p

deep-rooting (A. caven) and shallow-rooting species (B. /inearis),
two pioneer and nurse plants frequently used in reforestation
programs in the semiarid Mediterranean-type conditions of

central Chile.
METERIALS AND METHODS

Plant material and experimental growing conditions
Native woody species A. caven (Mol) Mol. (Fabaceae) and B.
linearis (Ruiz et Pav) Pers. (Asteraceae) were chosen for their
contrasting root morphologies: A. caven has a deep root system
with a pivotal taproot that allows access to groundwater and B.
linearis has a dimorphic root system, which uses both groundwater
(main root) and rainfall (Donoso, 1982). Seedlings were produced
from seeds collected from individuals growing at the Elqui
Province, north-central Chile (29° 49' S-70° 48' W)). Seeds of A.
caven were subjected to chemical scarification using concentrated
sulfuric acid (technical quality) for 120 minutes. Seeds of B. /inearis
do not need pregerminative treatments. The seeds were sown in
A-6 petlite (Harborlite ®) followed by transplantation to
container. The experimental containers were filled up to 88% of
the total volume with a standard propagation mixture of one part
A-6 petlite (Harborlite ®), one-part peat (Kekkild DSM), and two
parts of sandy soil. Average final seedling size (height), before
transplant to experimental containers, was 3 cm for shoot, 5 cm
for root system, and a pair of well-developed true leaves. Water
content of containers was daily checked. They were watered with
demineralized water up to 80% field capacity each time the
substrate reached 40% field capacity. Seedlings were fertilized
twice during the assay with 40 mL of a modified Hoagland’s
solution containing 150 mg N L1, 80 mg P L1, and 100 mg K L~
! (Harper, Smith and Macnair, 1997). Seedlings were grown for
six months, until control seedlings reached 60 cm in height, an
average size equivalent to a plant of this species after one nursery
season in central Chile. Environmental conditions of the plant
growth room were: mean temperature of 23 °C + 2 °C, relative
humidity of 46%, and light intensity of 273 pmol s'm=2, with a
12/12 h photopetiod.

Experimental design and treatments

A randomized experimental design was conducted with five

treatments consisting of different types of containers for seedling



Madera y Bosques vol. 24, num. 2, e2421419

production (Fig. 1). Sixteen replicates per treatment and species
were considered. The control treatment (C) was a 12 cm X 15
cm black polyethylene bag (440 mL), commonly used in
Chilean nurseries. The remaining four containers (T'1, T2, T3,
and T4) were made with PVC tubes (polyvinyl chloride) (Table
1). To favor basal and lateral air pruning of primary and
secondary roots, 2 2 mm X 2 mm plastic mesh was glued in
the bottom of the PVC tube and slots were made along each
PVC container (2 cm below and above the end of the tubes).
PVC containers were left suspended (in contact with air) on a
plastic structure. Seedling density was 82 plants per square
meter. Distribution of treatments in the plastic structure was
completely randomized. More details of the experimental

design were presented by De la Fuente ez a/. (2017).

summer 2018

Measurements

Shoot height and stem collar diameter were measured once a month
in every seedling (2X5%X16=160 seedlings). Six randomly selected
plants per treatment were assessed after six months (2X5X6=60
seedlings). Seedling shoot total height, stem collar diameter, shoot
and root dry biomass, height/stem collar diameter ratio, and
shoot/root dry biomass ratio were measured. To determine dry
biomass, the seedlings were carefully separated from substrate
and thoroughly washed with tap water and then dried at 45 °C in
a forced air oven until constant weight. Root morphology was
evaluated based on scanned images (Epson Perfection 4490
Scanner, Nagano, Japan) of the root system. Taproot (A. caven) or

main root (B. /nearis) length considered the container depth and

the presence of spiral roots. Spiral root was defined as that root

that had an angle less than 90° (Ortega ¢# al., 2000).

FIGURE 1. Photographs of the different size and shape of experimental containers used in the present study.

All photos taken in November 2012 by Luz M. de la Fuente

TABLE 1. General characteristics of experimental containers.

Container Volume (mL) Length(cm)  Diameter (cm)
Treatment  Material

C Black polyethylene bag 440 10 75

Tl PVC 440 10 75

T2 PVC 440 35 40

T3 PVC 880 20 75

T4 PVC 880 45 5.0




De la Fuente et al. Root architecture require different container size

Root growth potential (RGP) test

The ability of roots to form new roots (longer than 1 cm) after
seedling outplanting was tested according to the Ritchie (1985)
procedure. After the first assay, six randomly selected seedlings
from each treatment (2X5X6=060 seedlings) were transplanted
into larger PVC tubes filled with A-6 petlite (Harborlite®) and
watered twice a week to 100% field capacity with demineralized
water. After 28 days of growth under the same plant growth
conditions of the first stage assay, each PVC tube was
longitudinally opened and divided into 10 cm depth sections. The
new root number and biomass (dry weight) produced per section

of the A-6 petlite substrate were recorded.

Statistical analysis

Data normality was verified by the Shapiro-Wilks test and
homogeneity of variances by the Levene’s test. If requirements
were not met, the data was either transformed or analyzed using
the nonparametric Kruskal-Wallis test. Independent one-way
analysis of variance was performed to evaluate the effect of types
of containers and the RGP test on shoot and root growth. For each
analysis, treatments with significant differences (P < 0.05) were
identified with the Fisher's LSD test. Statistical analyses were

cartied out using InfoStat® version 2010 (Di Rienzo ¢t a/, 2012).

RESULTS

After six months of propagation, 4. caven seedlings showed
significant differences between containers in shoot height, stem
collar diameter, and length of the taproot (Table 2; Fig. 2).
Specifically, root length, shoot height and height/stem collar
diameter ratio were significantly larger in C compared to T1
(containers of equal shape (10 cm depth) and volume (440 mL)).
The taproot in C was three times longer than in T'l, but 67% of
the plants showed spiral roots. When comparing T1 to T2 (same
volume but different depth), T2 had a smaller stem collar
diameter and longer taproot. The same pattern was observed
when comparing T3 to T4 (Table 2). When comparing plants
grown in T1 (440 mL) and T3 (880 mL), no significant differences
were observed. However, in thinner containers (T2 and T4) shoot
height significantly increased when volume and depth increased

(T4) (Table 2).

Baccharis linearis seedlings showed significant differences
between containers in all morphological parameters evaluated
(Table 2). When comparing C and T1, C was significantly greater
in root biomass. Comparing T1 and T2 (both 440 mL, but T2 had
shorter depth), the stem collar diameter, shoot biomass, and root
biomass were greater in the T1 container. The same occurred
when comparing T3 to T4 (Table 2). However, these differences
were more evident in plants from smaller containers. T'1 seedlings
produced approximately 100% more biomass than T2, while T3
plants only produced 50% more biomass than T4. Regarding the
main root length, significant differences were also observed;
plants from the deepest containers, T2 (35 cm) and T4 (45 cm),
presented the longest roots, with no significant differences
between them (Table 2). When comparing T1 (440 mL) to T3
(880 mL), the plants grown in T3 were taller, had greater stem
collar diameter, increased biomass, and increased length of the
main root. Seedlings grown in T3 generated 85% more shoot
biomass and 50% more root biomass than plants grown in T1.
Shoot biomass in T4 increased 150% more than those in T2

(Table 2).

Root growth potential test

Seedlings of A. caven showed no significant differences in
production of total root biomass (F = 1.26; P = 0.3112) and in
total number of new roots (F = 1.50; P = 0.2328) (Table 3).
Although there were no significant differences in total root
biomass production and number of roots, distribution of these
parameters varied with container depth (Fig. 3). The roots in
shallower containers (C and T1) colonized and concentrated at
shallower depths, reaching 30 cm. Roots of T3 plants colonized
up to 40 cm and T4 up to 70 cm, while roots of T2 plants, which
had half the volume of T3 and T4, colonized up to 60 cm in depth
(Fig. 3). For B. linearis, total biomass (F = 9.15, P < 0.05) and total
number of new roots (F = 8.35, P < 0.05) showed significant
differences among treatments (Table 3). The lowest total root
biomass and lowest number of roots were produced in plants of
smaller containers (C, T1, and T2), with no significant differences
among them. The largest increases in total root biomass and total
number of roots were observed in larger containers, T3 and T4;

T3 biomass was significantly greater than T4 (Fig. 3).
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Table 2. Morphological parameters evaluated in Acacia caven and Baccharis linearis seedlings after six months of propagation in different

containers (treatments).
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Morphological  Treatment * F,; P-value
pararneter

C TI T2 73 T4
Acacia caven
shootheight 31,369 ¢ 4996+376ab 4099:260a 5550+437bc 5269:337b =213
(cm) P <0.05
Stem collar 402:011b 391:016b 325:009a  396:0I13b 355:011a F=710
diameter (mm) P <0.05
Shoot F-306
height/Stem  157.63+810b 12619:738a  12569:679a  13925:892ab 14788:819ab 02
collar diameter '
Shoot biomass F=244
(@ dry weighy) 165031 147 + 021 0.82: 0.1 193:0238 157+ 022 P-0073
Root biomass (g, F=180
dry weight) 1M+014 120+ 027 0.72+ 010 138+ 024 132+ 017 P-Olel
Shoot F-10
biomass/Root 144 + 0.5 134+ 016 114+ 0.09 141+ 014 119+ 0.08 P 042
biomass o
Taprootlength g-g, 3531, 6.87+028 a 2613:085bc  1257+052ab  3365:05Ic F=2420
(cm) P <0.05
Plants with
spiral roots (%) 67 0 0 O O
Baccharis
linearis
shootheight 545, 157 bc 4392+155ab  3991+122a 5594+207d  5316:340cd =373
(cm) P <0.05
Stem collar 404+013b 397:012b 304:008a  471:0I13c¢ 379:011b F=31.74
diameter (mm) P <0.05
Shoot F-339
height/Stem  12050:+566ab  111.69+ 442 a 13200+465bc 12056+ 613ab  14081:892c [~ o0
collar diameter '
shootbiomass 55, 050pc 1710220 093:008a  315:022d 230:017c F-19.37
(g, dry weight) P <0.05
Rootbiomass (g, 4 hg, 9 09 cd 083:003b  045:007a  125:008d 089:006bc =746
dry weight) P <0.05
Shoot F-306
biomass/Root 1.82+0.23a 208 +0.29 ab 216 + 0.15 abc 254+ 0.13 bc 258+ 0.10c P _<0.05
biomass ’
Main rootlength 5o, . 574 4 528+ 027 a 2880127 c 11.98 + 0.65 b 3047:087c - =21756
(cm) P <0.05
Plants with 0 0 0 0 0

spiral roots (%)

Mean + standard error values are presented; different letters indicate significant differences among treatments.

“Treatment codes according to table 1.



Container volume 440 mL

De la Fuente et al. Root architecture require different container size

T3 T4

Container volume 880 mL
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FIGURE 2. Scaled graphical representation of some morphological parameters obtained on seedlings of Acacia caven and Baccharis linearis

grown in different types of containers at the end of experimental propagation stage (treatment codes according to table 1).

DiscussIioN

Results of this study demonstrate that change in size and shape
of containers has significant impact on morphological responses
of seedlings of A. caven and B. linearis, with greater influence on B.

linearis. For B. linearis, the increased volume of containers had a

positive effect on shoot biomass, which may be associated with
increased nutrients and water availability because there exist a
strong relation between the container size and the resources

availability into the container (Landis, Steinfeld and Dumroese,

2010).
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TABLE 3. Total dry root biomass (mg) and new roots after the root growth potential tests (RGP). Mean * standard error values are

presented; different letters indicate significant differences among treatments.

Treatment * Acacia caven

Baccharis linearis

Root biomass Root number

Root biomass Root number

C 115.9+29.7 71+£15.0
TI 878118 71£50
T2 77 £122 60+90
T3 109.9 + 28.0 94160
T4 1471+ 312 111+£29.0

1609 +259ab 102170 a
1908199 ab 149+15.0 a
24 +215a 141+£20.0 a
3342+327c 268+350b
2337+353b 240:2900b

F and P-values F=126;P =031

F=150;P=0.233

F=915;P<0.05 F=835,P<0.05

* Treatment codes according to table 1.

The plant growth differential response to containers type and size
has been broadly described by a number of authors in woody
species of semiarid environments, and is related to different root
growth strategies presented by each particular species (Romero,
Fisher and Mexal, 1986, Dominguez-Lerena ez a/., 2006; Chirino
et al., 2008; Mariotti ¢f al,, 2015). However, also container size
itself could determine changes in plant growth through decrease
in photosynthesis activity per unit leaf area, independently of the
woody species (Poorter ¢z al, 2012).

When a plant has a taproot it does not normally restart its
growth in depth once outplanted and in some cases the plant
simply dies (Dominguez-Lerena ¢ al, 2006). Then, the
importance of growing seedling with longer taproot, through
adequate container design, led to an increase in root hydraulic
conductance and number of new roots colonizing the deepest
layers and, consequently improve the plant ability to avoid water-
stress after outplanting (Chirino ez a/, 2008). In the case of B.
linearis, spiral roots were not detected, as it does not have a strong
taproot, but a dual system, which has a rooting pattern that
depends on the ease of penetration into the substrate.

Diverse approaches have been proposed for recommending
better plant containers. Dominguez-Lerena ez a/. (2006) suggested
a minimum volume of 300 mL for seedlings destined to dry
environmental conditions, while Poorter ¢z a/. (2012) suggested a
container size which the plant biomass does not exceed 1 g L.

In our study, all treatments exceeded that threshold, resulting 3.5

g L1 for large containers (880 mL) and 6.5 g L' for small
containers (440 mlL). This later implies the need to further
progress in improving container design to reach an adequate
balance between size and plant quality.

Another important operational issue is the cost of
production of seedlings in large containers (Puértolas, Jacobs,
Benito and Pefiuelas, 2012; Dumroese and Landis, 2015). From
this point of view, smaller containers (440 mL) could be more
appropriate for the cultivation of A. caven and B. /inearis; of these,
T2 has the greatest advantages in that it has smaller diameter and
therefore uses less space in the nursery. Smaller container also
results in less planting cost due to reduced soil movement
(Puértolas ef al., 2012). Plants of elongated containers could
present root plug disintegrate (Pefiuelas and Ocafia, 1996);
however, these containers did not evidence this problem during
the process of transplantation to the PCR assay.

Both A. caven and B. /inearis species are commonly used for
restoration plans of drylands due their strong water-resistance
ability (Donoso, 1982). This implies that under dry conditions is
more convenient to get a larger seedling size (Cuesta ef al, 2010),
which is achieved using large containers (Poorter ¢t al, 2012;
Mariotti ez al., 2015). The ecophysiological basis that explains the
better responses of large seedlings under limited water availability
is because larger seedlings had higher nitrogen remobilizable
rates, which promote higher growth of new roots for water

absorption (Cuesta ¢/ al., 2010).
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c Root biomass (mg) T1 Root biomass (mg) T2 Root biomass (mg) 3 Root biomass (mg) T4 Root biomass (mg)
0 15 30 45 60 0 15 30 45 60 0 15 30 45 60 0 15 30 45 60 0 15 30 45 60
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
~ C10] - ~ C101 ~ C101 ~ C10- ~ C101
5 5 5 5 5
T o = o T o T - =
2 | s 2 | ° | 2 i
8 €30 8 301 g C30 8 €30 8 €30
'g C407 § €407 ? C401 a;, C401 ? C401 -
'g C50 'g C50- 'g C501 'g C50- 'g C50
8 oso] 3 ceod 8 csoq 3 cso] 3 oso]
C70- o C70- C70- C70-
T T T T T T T T T T T T T T T T T T T T
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Root number Root number Root number Root number Root number
c Root biomass (mg) T1 Root biomass (mg) T2 Root biomass (mg) T3 Root biomass (mg) T4 Root biomass (mg)
0 46 93 139 185 0 46 93 139 185 0 46 93 139 185 0 46 93 139 185 0 46 93 139 185
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
a A
__ C10] __ C10 _ _ C10 __ 107
£ £ £ £ £
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c c c L c
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£ s £ coor £ £ cs0] £ o501
T T T T T
o (60 o C604 0o o C60 o C60-
¢} 0 ¢} ¢} 0
C70- €704 C70- - C70]
T T T T T T T T T T T T T T T T T T T T T
0 52 103 155 20 0 52 103 155 201 0 52 103 155 20 0 5 103 155 20 0 5 103 155 20
Root number Root number Root number Root number Root number

FIGURE 3. Distribution of new root biomass (white circles and lowercase letters) and new root number (filled circles and capital letters) as result of the RGP test. Upper

graphs: Acacia caven; Lower graphs. Baccharis linearis (codes according to Table 1).

Different letters indicate significant differences among treatments for each section of the containers. The dotted line indicates the depth where the base of the first stage assay root plug was located
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Container shape, at constant volume, was evaluated by comparing
T1 versus T2 (both 440 mL) and T3 versus T4 (both 880 mL).
Elongated containers caused a decline in stem collar diameter in
both species tested. In B. /nearis, elongated containers caused
decreased shoot and root biomass; this may be due to the longer
openings in these types of containers. However, this behavior has
been also observed in elongated containers that do not have slots
(Korndérfer, Mosena and Dillenburg, 2008). Also, this response
has been observed in other woody species where the root length
is determined by the container length (Dominguez-Lerena ¢f al,
2006; Peman, Gil-Pelegrin and Voltas, 20006). There is evidence
that the root plug of an elongated container has greater contact
surface with the soil, and consequently could promote a quick
restart of root growth (Grossnickle, 2005).

Both species showed the capacity to develop new roots
(RGP test). This capacity is essential for improving seedling
survival after outplanting (T'sakaldimi ez a/, 2005; Trubat, Cortina
and Vilagrosa, 2010). In addition, the RGP test showed that new
roots were developed on sides of the root plug, which are
potentially better surfaces for water absorption and nutrient
uptake. Instead, thicker root growth restarted at the base of the
root plug, which improves anchorage and absorbs more water
from deeper soil layers. The RGP test suggested that seedling
roots grown in elongated containers (T2 and T4) have advantage
over shorter containers (C and T3). The reason is that under field
conditions, the plants from elongated containers would colonize
the deepest soil strata quicker than plants from short containers.
This would help the "thick" roots to reach the deep-water
reserves (Canadell and Zedler, 1995), which represent a safer
water source in semiarid environments (Ehleringer and Dawson,

1992).

CONCLUSIONS

The main conclusion of the present study is that both container
size and shape, in combination with the species, affect the initial
plant growth. Flongated containers produced seedlings with
smaller shoots but with a longer taproot or main root, a proper
morphological characteristic for dryland plants. Containers that
favor basal root pruning avoid taproot deformation in A. caven
seedlings, a practice that is not necessary for B. /inearis due to its

dual root system. The increase in container volume (size) only

summer 2018

increased the biomass of B. /inearis, therefore, using a container of
440 mL and deeper than 35 cm seems more suitable for growing

A. caven and B. linearis seedlings.

ACKNOWLEDGEMENTS

Authors would like to thank the Chilean Research Center for
Mining and Metallurgy (CIMM) and the CONICYT FB-0002-
2014 (CAPES UC) for funding the study. We acknowledge the
contribution of professors Eduardo Olate and Paulina Fernandez
to the study and the laboratory support of Elisabeth Trangolao,
Elena Bustamante, Margaret Opazo, Consuelo Gazitia, and

Marcela Jiménez.

[REFERENCES

Aghai, M. M., Pinto, J., & Davis, A. S. (2014). Container volume and
growing density influence western larch (Larix occidentalis Nutt.)
seedling development during nursery culture and establishment.
New Forests, 45(2), 199-213. doi: 10.1007/511056-013-9402-8

Canadell, J., & Zedler, P. H. (1995). Underground structures of woody
plants in Mediterranean ecosystems of Australia, California and
Chile. In: M. Fox, M. Kalin, & P.H. Zedler (Eds.), Ecology and
biography of Mediterranean ecosystems in Chile, California and Aunstralia
(pp. 177-210). Berlin: Springer-Verlag.

Chirino, E., Vilagrosa, A., & Hernandez, E., Matos, A., & Vallejo, R.
(2008). Effects of a deep container on morpho-functional
characteristics and root colonization in Quercus suber L. seedlings
for reforestation in Mediterranean climate. Forest Ecology and
Management, 256(4), 779-785. doi:
10.1016/j.foreco.2008.05.035

De la Fuente L. M., Ovalle, J. F., Arellano, E. C., & Ginocchio, R. (2017).
Use of alternative containers for promoting deep rooting of native
forest species used for dryland restoration: The case of Acacia
caven. IForests, 10, 776-782. doi: 10.3832/ifor2101-010

Di Rienzo, J. A., Casanoves, F., Balzarini, M. G., Gonzilez, L., Tablada,
M., & Robledo, C. W. (2012). InfoStat versin 2012. Cérdoba,
Argentina: Grupo InfoStat, FCA, Universidad Nacional de
Cérdoba.

Dominguez-Lerena, S., Herrero Sierra, N., Carrasco-Manzano, 1.,
Ocafia-Bueno, L., Pefiuelas-Rubira J.L., & Mexal, ].G. (2000).
Container characteristics  influence  Pinus  pinea  seedling
development in the nursery and field. Forest Ecology and
Management, 221(1-3), 63-71. doi: 10.1016/j.foreco.2005.08.031

Donoso, C. (1982). Resefia ecolégica de los bosques Mediterraneos de
Chile. Bosque, 4(2), 117-146. doi: 10.4206/bosque.1982.v4n2-04

Dumroese, R. K., & Landis, T. D. (2015). Growing container seedlings:
three considerations. Tree Planters Note, 58(2), 58—62.



De la Fuente et al. Root architecture require different container size

Ehleringer, J., & Dawson T. E. (1992). Water-uptake by plants-
perspectives from stable isotope composition. Plant Cell and
Environment,  15(9), 1073-  1082. doi: 10.1111/j.1365-
3040.1992.tb01657.x

Grossnickle, S. C. (2005). Importance of root growth in overcoming
planting  stress.  New  Forests, 30(2-3), 273-294. doi:
10.1007/511056-004-8303-2

Harper, F., Smith, S., & Macnair, M. (1997). Can an increased copper
requirement in copper-tolerant Minulus guttatus explain the cost of
tolerance? New Phytologist, 136(3), 455-467. doi: 10.1046/1.1469-
8137.1997.00761.x

Korndotfer, C., Mosena, M., & Dillenburg, L. (2008). Initial growth of
Brazilian pine (Arancaria angustifolia) under equal soil volumes but
contrasting rooting depths. Trees, 22(6), 835-841. doi:
10.1007/500468-008-0244-5

Landis, T. D., Steinfeld, D. E., & Dumroese, R. K. (2010). Native plant
containers for restoration projects. Native Plants Journal, 11(3),
341-348. doi: 10.2979/NPJ.2010.11.3.341

Luis, V. C., Puértolas, J., Climent, J., Peters, J., Gonzalez-Rodriguez, A.
M., Morales, D., & Jiménez, M. S. (2009). Nursery fertilization
enhances survival and physiological status in Canary Island pine
(Pinus canariensis) seedlings planted in a semiarid environment.
European  Journal of Forest Research, 128(3), 221-229. doi:
10.1007/510342-009-0257-7

Mariotti, B., Maltoni, A., Chiarabaglio, P. M., Giorcelli, A., Jacobs, D. F.,
Tognetti, & R., Tani, A. (2015). Can the use of large, alternative
nursery containers aid in field establishment of Juglans regia and
Quercus  robur seedlings? New Forests, 46(5-6), 773-794. doi:
10.1007/s11056-015-9505-5

Negreros-Castillo, P., Apodaca-Martinez, M., & Mize, C.W. (2010).
Efecto de sustrato y densidad en la calidad de plantulas de cedro,
caoba y roble. Madera y Bosques, 16 (2), 7-18. doi:
10.21829/myb.2010.1621169

Ortega, U., Majada, J., Mena-Petite, A., Sinchez-Zabala, J., Rodriguez-
Iturrizar, N., Txarterina, K., Azpitarte, J., & Duflabeitia, M..
(2006). Field petformance of Pinus radiata D. Don produced in
nursery with different types of containers. New Forests, 31(1), 97-
112. doi: 10.1007/511056-004-7364-6

Ovalle, J. F., Arellano, E. C., & Ginocchio, R. (2015). Trade-offs between
drought survival and rooting strategy of two South American
Mediterranean tree species: Implications for dryland forests
restoration. Forests, 6(10), 3733-3747. doi: 10.3390/£6103733

Ovalle, J. F., Arellano, E. C., Ginocchio, R., & Becerra, P. (2010).
Fertilizer location modifies root zone salinity, root morphology,
and water-stress resistance of tree seedlings according to the
watering regime in a dryland reforestation. Journal of Plant Nutrition
and Soil Science, 179(2), 223-233. doi: 10.1002/jpln.201500181

Opvalle J. F., Ginocchio, R., Arellano, E. C., & Valenzuela, P. (2017). Root
adaptive management to improve plant quality and field

performance under drought: Experiences with native tree species
from South American Mediterranean-type ecosystem. Plant
Sociology, 54 (1), 19-27. doi: 10.7338/pls201754151/03

Padilla, F. M., & Pugnaire, F. I. (2007). Rooting depth and soil moisture
control Mediterranean woody seedling survival during drought.
Functional ~ Ecology, 21(3), 489-495. doi: 10.1111/j.1365-
2435.2007.01267 x

Pefiuelas, J., & Ocafia L. (1996). Cultivo de plantas forestales en contenedor:
principios y fundamentos. Madrid, Espafia: Mundi-Prensa.

Peman, J., Gil-Pelegrin, E., & Voltas, ]J. (2006). Morphological and
functional variability in the root system of Quercus ilex L. subject
to confinement: consequences for afforestation. Annals of Forest

Science, 63(4), 425-430. doi: 10.1051/forest:2006022

Poorter, H., Biihler, J., Van Dusschoten, D., Climent, J., & Postma, .
(2012). Pot size matters: A meta-analysis of the effects of rooting
volume on plant growth. Functional Plant Biology, 39(11), 839-850.
doi: 10.1071/FP12049

Puértolas, J., Jacobs, D. F., Benito, L. F., & Pefiuelas, J. L. (2012). Cost-
benefit analysis of different container capacities and fertilization
regimes in Pinus stock-type production for forest restoration in
dry Mediterranean areas. Ecological FEngineering, 44, 210-215.
doi:10.1016/j.ecoleng.2012.04.005

Ritchie, G. A. 1985. Root growth potential: principles, procedures and
predictive ability. In: M. Duryea, (Ed.), Evalnating Seedling Quality:
principles, procedures, and predictive abilities of major tests (pp. 93—1006).
Corvallis, USA: Oregon State University.

Romero, A., Fisher, J. J., & Mexal, J. G. (1986). Root system modification
of container stock for arid land plantings. Forest Ecology and
Management, 16(1-4), 281-290. doi: 10.1016/0378-1127(86)90028-
9

Trubat, R., Cortina, J., & Vilagrosa, A. (2010). Nursery fertilization
affects seedling traits but not field performance in Quercus suber L.
Journal — of  Arid  Environments, — 74(4),  491-497.  doi:
10.1016/j.jaridenv.2009.10.007

Tsakaldimi, M., Zagas, T., Tsitsoni, T., Ganatsas, P. (2005). Root
morphology, stem growth and field performance of seedlings of
two Mediterranean evergreen oak species raised in different
container  types.  Plant  and  Soi,  278(1-2),  85-93.

doi:10.1007/s11104-005-2580-1

West, A. G., Dawson, T. E., February, E. C., Midgley, G. F., Bond, W.
J., & Aston, T. L. (2012). Diverse functional responses to drought
in a Mediterranean-type shrubland in South Africa. New Phytologist,
195(2), 396-407. doi: 10.1111/}.1469-8137.2012.04170.x

Manuscript received: 6 october 2016
Accepted: 29 december 2017
Published: 27 september 2018



Madera y Bosques vol. 24, num. 2,e2421419 summer 2018

This document must be cited as:

De la Fuente, L. M., Ovalle, J. F, Arellano, E. C,, & Ginocchio, R. (2018).
Does woody species with contrasting root architecture require
different container size in nursery? Madera y Bosques, 24(2),
€2421419. doi: 10.21829/myb.2018.2421419

Madera y Bosques by Instituto de Ecologia, A.C.
is distributed under a Creative Commons License
Attribution-NonCommercial-ShareAlike 4.0
International.




