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ABSTRACT. The aim of this study was to evaluate the foliar nutrient content in Eucalyptus benthamii
mini-stumps treated with different Zn and B concentrations during successive shoot collections. Shoots
were collected from mini-stumps fertigated with nutrient solutions containing different concentrations of
Zn and B (S1 — free of Zn and B; S2-0.5mg L' Zn; S3 - 0.5 mg L' B; S4 - 0.5 mg L"! Zn and B; S5 - 1.0
mg L' Zn and B; S6 — 2.0 mg L' Zn and B). Eight shoot collections from the clonal mini-garden were
performed. For each shoot collection, the nutritional content of the leaf was determined (N, P, K, Ca, Mg,
S, B, Cu, Fe, Mn and Zn). The experiment was conducted using a randomized design with a split plot and
included three replications. The foliar macro and micronutrient contents varied significantly in relation to
the treatments, and the S5 and S6 nutritive solutions presented the best responses.

Keywords: nutritive solution, fertigation, mini-cutting technique, clonal mini-garden.
Teor nutricional foliar em minicepas de Eucalyptus benthamii

RESUMO. Objetivou-se avaliar os teores foliares nutricionais de minicepas de Eucalyptus benthamii em
relagio a diferentes concentragoes de Zn e B ao longo de sucessivas coletas de brotagdes. As brotagdes
foram oriundas de minicepas fertirrigadas com solucdes nutritivas variando nas concentragoes de Zn ¢ B
(S1—isentode Zn e B,S2—-0,5mg L' de Zn,S3-0,5mgL"'de B, S4-0,5mgL"'de Zne B, S5- 1,0 mg
L'de Zne B, S6 — 2,0 mg L'! de Zn e B), sendo realizadas oito coletas de brotagdes do minijardim clonal.
Ao longo do experimento foram determinados o teor nutricional foliar de N, P, K, Ca, Mg, S, B, Cu, Fe,
Mn e Zn. Considerou-se o delineamento inteiramente casualizado em esquema de parcelas subdivididas,
com trés repetigdes. Os teores foliares de macro e micronutrientes variaram significativamente em relagio
aos tratamentos avaliados, sendo que as solugdes S5 e S6 apresentaram as melhores respostas.

Palavras-chave: solugio nutritiva, fertirrigagio, miniestaquia, minijardim clonal.
Introduction SCHWAMBACH et al, 2008, WENDLING
et al., 2010). The nutritional status of the mother

Eucalyptus  benthamii is an  alternative e o
P plant used as a shoot donor (mini-stump) for mini-

component of forest plantations for industrial

purposes. However, because this species was
recently introduced to forest plantations, seed
production is limited, and when seeds are
available, the prices are high. Vegetative
propagation is an alternative for reproduction of
the species and included pre-selected matrices for
each region. However, adventitious rooting of E.
benthamii is low for the cutting technique
(GRACA et al., 1999).

Some progress can be achieved by adjusting the
nutritional content of clonal mini-gardens
(HARTMANN et al., 2011), which may lead to the
production of shoots with a predisposition to
adventitious rooting (ALFENAS et al, 2004,

cuttings can significantly influence the process of
rhizogenesis (HARTMANN et al., 2011).

In practical terms, semi-hydroponic mini-
gardens on sand beds or in conical plastic tubes are
used more often in Brazil (HIGASHI et al., 2005).
In this system, supplied  via

fertirrigation in adequate quantities to support the

nutrients are

growth and development of the plant and may result
in increased adventitious rooting. However, the
optimal concentrations of nutrients have not been
established for  Eucalyptus spp. mini-stumps
(ALFENAS et al., 2004) considering the influences
of shoot collections and their interactions with the
environment (e.g., temperature, light, photoperiod
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and relative humidity) during different seasons
(BHARDWAJ; MISHRA, 2005, TRUEMAN
et al., 2012). Although the nutrients needed for
development are the same, the quantities required
are different between and within species (different
clones), and there is no standard nutrient solution
(HIGASHI et al., 2005), which highlights the need
for more detailed studies.

Considering the theoretical rules, mineral
nutrition can influence the adventitious rooting of
propagules in two ways: (i) due to the vigor of the
mother plant shoot donor and (ii) the proper
nutritional status of the collected material (shoot
and sprout). According to Alfenas et al. (2004),
nutritional problems in clonal mini-gardens may
be related to a deficiency or excess of elements. In
a way, any nutrient involved in the metabolic
processes associated with adventitious root
differentiation is considered essential for
rhizogenic initiation (CUNHA et al., 2009a;
TRUEMAN et al.,, 2012). Among the micro-
clements that affect adventitious rooting, zinc
(Zn) and boron (B) are highlighted. Several
studies have reported increased adventitious
rooting in propagules when subjected to various
forms and concentrations of Zn and B
(KERSTEN et al., 1993; MALTA et al., 2002)
considering that these nutrients are essential for
plant growth and development (TAIZ; ZEIGER,
2009). However, there are no reports in the
literature concerning the effects of these nutrients
(Zn and B) in terms of the nutritional quality of
shoots collected from Eucalyptus benthamii mini-
stumps to be used as mini-cuttings.

The aim of the present study was to determine
the nutritional content of leaves (N, P, K, Ca, Mg,

S, B, Cu, Fe, Mn and Zn) from Eucalyptus

benthamii mini-stumps from different shoot
collections and with wvarying Zn and B
concentrations.

Material and methods

Constitution of the clonal mini-garden

The experimental units were composed of
Eucalyptus benthamii Maiden and Cambage clones
propagated through mini-cutting techniques with
the application of 2000 mg L' IBA
(indole-3-butyric acid) and cultivated in plastic pots
(18 x 16 x 45 cm) with two openings in the lower
portion (Figure 1A). The substrate was composed of
sand (0.10 mm < particle diameter < 0.25 mm),
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which was sieved (mesh sieve of 3 mm), washed
with deionized water five times and autoclaved for
20 min. at 121°C (= 1.0 kg cm™) to eradicate weeds
and pathogens, such as fungi and bacteria. Prior to
planting the clones in the plastic pots, the roots were
washed with deionized water for 10 min. to leach
nutrients and other components. The pots were
suspended by metal bars (85 cm of soil), and six
clones were planted per pot in a 10 x 8 cm space,
consisting of six seedlings arranged sequentially.
After seven days, the stems of the clones were
broken at 10 ¢cm above the basal portion to reduce
the apical dominance and favor the growth of
axillary buds, which were issued 21 days after the
stems were broken (Figure 1B). To form the mini-
stumps, the shoots were pruned to 7 cm above the
base of the clone 15 days after the stem was broken,
and the clonal mini-garden was formed in a pot
system (Figure 1C and D).

Figure 1. Experimental unit for establishing the Eucalyptus
benthamii clonal mini-garden. (A) detail of the pots containing fine
sand; (B) detail of inducing axillary shoots by breaking the stem at
21 days; (C-D) detail of the pots containing the mini-stumps
emitting shoots to be collected at 50 days.

Management of mini-stumps

The clonal mini-garden was installed in a
greenhouse covered with transparent plastic and
with two fan systems. Air temperature data were
collected daily to investigate a possible correlation
with the response variables. Every seven days,
100 mL of basic nutrient solution was added to
the mini-stump (Table 1). Irrigation was
performed with deionized water daily to find
excessive loss by evapotranspiration. Each week,
the sand was washed with deionized water to
prevent excess salination.
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Nutritional content in E. benthamii

Table 1. Composition of the basic nutrient solution for
fertigation of the Eucalyptus benthamii clonal mini-garden in a pot
system.

Nutrient Nutritive solution”
(mgL")
N-NO, 60.00
N-NH,* 30.00
P 12.00
Ca 40.00
K 80.00
S 10.00
Mg 12,00
Cu 0.10
Fe 2.00
Mo 0.02
Mn 1.60
Macro and micronutrient source CF/MW (mgL™
Potassium nitrate (Nuclear®) I?O\i?(’)/ 206.85
Monoammonium phosphate NH,H,PO/ 4457
(Mallinckrodt®) 11503 :
Ammonium nitrate (Reagex®) NI;(;I(\L?/ 140.50
Calcium chloride (Synth®) ca%%z[p/ 111.13
Calcium nitrate (Labsynth®) Ca(Ngg) ZSHZO/ 57.18
Magnesium chloride (Synth®) M%g(%.é;(—)lzo 50.46
Magnesium sulfate (Mallinckrodt®) Mgzggzglzo/ 60.49
Manganese sulfate (Ecibra®) M111S6094.(SZO/ 49223
Copper sulphate (Mallinckrodt®) Cusﬁ; 56?20/ 03929
Tron sulfate (Synth®) FCS%EZO/ 9.9520
Sodium - EDTA (Nuclear®) Naz_E:?;;/;szo/ 13.3110
Sodium molybdate (Merck®) Nazh/lzi?z).éHZO/ 0.0504

“The pH was adjusted to 6.2 at 25°C with 1 M hydrochloric acid (HCI) or sodium
hydroxide (NaOH). CF = chemical formula, MW = molecular weight.

Treatments and experimental design

Various concentrations of zinc (Zn) and boron
(B) were provided by nutritive solution via
fertigation (Table 2). Every seven days, 100 mL of
the nutrient solution (Tables 1 and 2) was added
per mini-stump (Figure 1C and D). The
experiment was conducted using a randomized
design with an arrangement split plot in time.
There were eight shoot collections (conducted for 12
months and performed through eight successive shoot
collections at intervals ranging from 21 to 35 days) and
six combinations of Zn and B concentrations (Table
2), which were tested in triplicate.

Table 2. Treatments of Zn and B in the nutrient solutions.

Nutritive solution Zn® B®
(mgL™") (mgL™")
S1 0.00 0.00
S2 0.50 0.00
S3 0.00 0.50
S4 0.50 0.50
S5 1.00 1.00
S6 2.00 2.00

'Provided in the form of zinc sulphate (Mallinckrodt® / ZnSO,.7H,O / 287.54).
*Provided in the form of boric acid (Ecibra® / H;BO,/ 61.83).
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Nutrient content of leaves

The samples were composed of fully expanded
leaves from the upper third of the shoot. After the
collection, all the leaves were washed with
deionized water and then dried at 60°C until they
reached a constant weight. The leaves were then
ground into a powder. Macro and micronutrients
were determined according to the method
described by Malavolta et al. (1989). Total N was
determined by digestion with sulfuric acid (Semi-
Micro Kjeldahl). The P, S, K, Ca, Mg, Fe, Cu, Zn
and Mn contents were determined by digestion
with nitric-perchloric acid. The P content was
determined by colorimetry with ammonium
metavanadate, and the S content was determined
by turbidimetry of barium sulphate with a
The K

atomic

spectrophotometer. content  was
determined by
spectrophotometry in a flame photometer with a
K hollow lamp cathode. The Ca, Mg, Fe, Cu, Zn
and Mn contents were determined by atomic
absorption spectrophotometry. The B content was
determined by digesting the dry matter by
burning it in an alkaline medium using
azomethine colorimetry, followed by
measurement in a spectrophotometer.

absorption

Statistical analysis

The data measured in all experiments were
analyzed by the Hartley test (p < 0.05) and
Lilliefors test (p < 0.05) and transformed when
necessary. Then, analysis of variance (ANOVA,
p < 0.01 and p < 0.05) was performed. In
accordance with the significance of the ANOVA,
the data of qualitative factors were compared by
Tukey’s test (p < 0.05). Pearson correlation
analysis (p < 0.01 and p < 0.05) between the
environmental data and the measured variables
was performed. The packages SOC (EMBRAPA,
1990) and statistical program (MSTAT, 1994)
were used for statistical analysis.

Results and discussion

The nutritional content of the leaves of
Eucalyptus mini-stumps
significantly between the shoot collections and
nutrient solutions (p < 0.01). In the 8" shoot
collection, there was a significant difference in N
content between the S2 (27.8 g kg') and S6
(22.2 g kg') solutions. The foliar N content
ranged from 34.0 to 17.6 g kg over the eight

shoot collections (Table 3).

benthamii varied
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The highest P content occurred in the 3™, 5%,
6" and 7" shoot collections. In general, the foliar
P content varied from 3.4 to 1.8 g kg over the
eight shoot collections (Table 3). The lowest
values for K content were recorded in the 1%, 2",
3 and 4™ shoot collections. In the 8" shoot
collection, the nutrient solution S1 presented the
lowest foliar K content in relation to the nutrient
solutions S3, S4, S5, and S6. The foliar K content
ranged from 22.1 to 7.1 g kg™ over the eight shoot
collections (Table 3). In the 1%, 3, and 8" shoot
collections, the foliar Ca content was the highest.
In general, the foliar Ca content ranged from
6.9 to 3.0 g kg over the eight shoot collections
(Table 3). The foliar Mg content ranged from
2.3 to 1.5 g kg™ over the eight shoot collections
and presented little variation (Table 3). The foliar
S content was higher in the 1%, 2"* and 3™ shoot
collections and then showed a decrease from the
4™ collection onward. The foliar S content ranged

Brondani et al.

from 3.2 to 1.5 g kg' over the eight shoot
collections (Table 3).

Based on the interpretation of Table 4 and the
significant variation in the foliar micronutrient
contents of Eucalyptus benthamii mini-stumps in
relation to the nutrient solutions and shoot
collections, only 12.5% of the leaves were
considered N-deficient (i.e., only in the 1* shoot
collection) (Table 5). The other values for foliar
N content were classified as adequate and low for
all nutrient solutions (Table 5). The foliar P, Ca,
and Mg contents were considered adequate and
low. The foliar S content has not presented
deficiency, and the values were high, adequate
and low (Table 5). Approximately 50% of the
foliar K contents measured from the 1* to the 4"
shoot collection were deficient. The remaining
measured foliar K contents were adequate and low
(i.e., 5" to 8" shoots collection) (Table 5).

Table 3. Mean values of foliar nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and sulfur (S) content in

shoots of Eucalyptus benthamii mini-stumps.

Collection
Solution 1 o 34 4" 5 6" 7" 8"

N (gke)
S1 18.7+0.3 23.1£1.6% 26.4%+1.1 7% 243+1.0% 29.3+1.0 4" 31.3£19* 323+0.6™ 26.4%2.0 A
S2 17.9%0.6 % 20.5£1.7 % 26.9+0.1% 251207 27.4+1.6% 32.1£09™ 34.0£0.5™ 27.8+€1.7%
S3 18.6£0.2 21.8+1.5 25.6£1.4 " 25.5+0.9 ** 28.9+1.7 4 32.7+14™ 325+14™ 25.50.3 A%
S4 17.60.4 % 21.1£2.8 ™ 24.8+02 23.6+1.6 30.6+3.3 302+2.9 40 32.0£02* 26.4£0.7 A%
S5 18.1+0.6* 21.5£23 M 24313 23.9+0.9 27.7+0.4 4 31.4+0.9 4 333%07™ 25.5+0.6 4%
S6 17.6+0.7 232+4.1% 24.2+0.8" 242+1.7% 29.7+0.6 ™ 332+1.8™ 30.5£2.0™ 222+0.4 "%
Solution P (gke™
S1 21%0.1%" 21402 2.8+02" 1.8+0.2 % 2.8+0.1™ 3.1+02" 3.0+0.1 21%0.1%"
S2 2.0+0.1"% 2.0+0.1" 2.9%0.1 4 1.9+0.1% 2.7+0.4 "% 3.3+0.1™ 33+0.1™ 1.9£0.1%
S3 21%0.1%" 2.0+0.1" 2.8+0.1™ 2.0£02"%" 3.0+0.1 ™ 3.1+0.1™ 2.7+0.1% 2.0%0.1%
S4 2.1+0.1% 2.0+0.2" 2.7+0.1% 1.8+0.1% 3.3+02" 31020 2.7%01% 2.1+0.1%
S5 2.1+0.1% 2.0+0.1" 2.8+0.2% 1.9+02% 31403 3.1+0.1™ 2.6+0.1™% 2.0+0.1%
S6 21+0.1"% 1.9+02% 2.6+0.1%" 1.9+0.1% 3.2+0.1™ 3.4+0.1" 3.0£0.2 4% 1.8+0.1%
Solution K (gkg)
S1 9.1+0.1" 8.7+0.9 A 9.8+0.4" 8.4+0.4 M 12.6%0.6 14.1£0.4 16.0%0.6 18.3+0.7 <
S2 9.9+0.2" 7.9+0.14 9.8+0.4 A% 8.2+0.3 " 11.6+0.5 % 14.8+0.7 4™ 16.4+0.8 % 19.7+0.4 5=
S3 8.9+0.1% 8.1+0.4 % 9.7+0.5% 8.8+0.4 11.9%0.7 ™ 14.0%0.6 > 16.0%0.6 *° 21.4+03
S4 9.5+0.3" 7.3+02"% 9.4+02" 8.3+0.5 7" 12.4+0.3 A% 14.0+0.8 162%1.5% 22110
S5 9.4+0.3" 7.1+02% 10.0%0.5 A 8.6+0.2 A% 13.6+£0.3 * 14.6+0.2 A% 15.9%0.4 *° 212414
S6 8.6+0.4 A% 7.1+02"% 9.7+0.2" 8.3+0.5 7" 13.8%1.1% 15.7+0.4 % 16.0+1.3 % 20.7+0.5 ™
Solution Ca (gkg")
S1 6.3£0.1% 4203 6.9£0.24 3.1£02% 45x0.7% 4102 4604 6.7+03 ™
S2 64024 3.9%0.1 4 6.5£0.6 4% 3.1£02% 43x02% 3.7£0.1 % 45x0.1% 6.7£0.24
S3 6.6£0.24 42%0.1% 6.8+0.3 4% 3302 4.4x02"% 3.9%£0.24 5.4+0.6" 6.5+0.5 "
S4 6.5£0.24 3.7£0.1% 6.4£0.5 4% 33014 4.5£0.1 4 42204 53%05% 6.7£0.1%
S5 6.8+0.1% 4.0%0.1 6.3£0.1 4% 32%0.1% 4.4x0.1" 4101 5.4x04% 5.8%0.1 "
S6 61024 3.6£0.2 6.0£0.3 ™ 3.0+0.1% 4.8+0.3 4 432024 53%024" 5.8+02"
Solution Mg (gkg)
S1 22+0.1™ 22+02™ 22+0.1™ 1.7+0.1 % 1.8+0.1% 1.5£0.1% 1.7£0.1 B¢ 2.1+0.1™
S2 22+0.1™ 1.9+0.1 4 22+02™ 1.7£0.2 A 1.7+0.1 A 1.5+0.1 M 1.6+0.1 22+0.1™
S3 22%0.14° 2.0%0.1 22%0.14° 1.9+0.1 A 1.7£0.1 7 1.6£0.17 1.8+0.2 A5 23+0.1™
S4 22+0.1™ 1.9+0.1% 22+0.1™ 1.9+0.1 % 1.8+0.2 % 1.7+0.1 4 1.8+0.1 A8 23+02™
S5 22+0.1™ 2.0%0.1%° 22+0.1™ 1.8+0.1 4" 1.7£0.1 A 1.6+0.1™ 1.8+0.1 A8 2.1+0.1™
S6 22+0.1™ 2.0%0.14° 22+0.1™ 1.8+0.1 % 1.8+0.1 % 1.7£0.1% 2.0£024° 22+0.1™
Solution S (gkg™)
S1 2.9%0.1 4 3.2+0.1™ 2.5%0.3 " 1.3£0.1% 2.0+0.2" 1.8+0.1 7 1.5£0.2 ™ 1.8+0.3 A
S2 2.6%0.1 4% 3.0+02" 2.7+0.1™ 1.3£0.1M 1.9+£0.3 ™ 21402 1.6+0.1 A 1.7+0.1 A
S3 2.8+0.1"% 2.9+02" 2.6+024° 1.4£0.1M 2.1%0.3 % 1.8+0.1 A 1.5+0.1™ 1.8+0.3 A
S4 2.6%0.1 4% 2.8+0.1™ 2.5%0.14° 1.5+0.1% 2.1%0.1 % 2.0+0.1 1.5+0.1% 2.0%0.3 "
S5 2.9%0.1 4 3.1+0.1™ 2.4%0.1 1.5+0.1™ 2.3+02" 1.9+0.2 A 1.5+0.1™ 1.6+0.1M
S6 23%02"%° 2.7+0.1" 23%0.1%° 1.3+0.1M 1.9+0.1 % 1.9+0.3 1.5+0.1 A 1.6+0.2 A

In columns, means followed by the same uppercase letter and, in the rows, means followed by the same lowercase letter do not differ significantly by Tukey’s test at the 5% significance

level. Data presented as the mean =+ standard deviation.
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Table 4. Macro and micronutrients content intervals considered
high, adequate, low and deficient for Eucalyptus shoots aged 7 to
14 days under the conditions of a clonal mini-garden.

High' Adequate' Low' Deficient'
Nutrient Macro-nutrient
(gkg')
N d>40.0 280<09=<400 200=<90=<280 9<200
P 3> 4.0 25<9=<40 1.5=<0=<25 <15
K d>30.0 150 <9 =300 100=<0=<150 9<100
Ca 3>70 50<9=<70 30=<0=<50 <30
Mg 3> 4.0 20<09<40 1.0=0=<20 <10
S d>25 20<9=<25 1.3<0=<20 <13
R Micro-nutrient
Nutrient B
(mgkg™ )
B 9>700 350<9=<700 200=<9 <350 9<200
Cu d>15.0 8.0 <9 =<15.0 50=<9=<80 <50
Fe 9 >220.0 100.0<9=2200 750<9=<1000 9<750
Mn d>700.0 250.0 <9 =700.0 150.0<09 =250.0 9 < 150.0
Zn d>80.0 30.0<9=<380.0 200 =9 <300 9<20.0

'Adapted of Alfenas et al. (2004), Higashi et al. (2005), Cunha et al. (2009b) and Cunha
etal. (2009¢). 8 = mean value of the nutrient considered.

Table 5. Frequency of foliar macronutrient contents considered high,
adequate, low and deficient in Eucalyptus benthamii mini-stumps
according to the nutrient solution and eight shoot collections.

High Adequate Low Deficient

Solution N

(%)
St 0.0 375 50.0 12.5
S2 0.0 25.0 62.5 12.5
S3 0.0 375 50.0 12.5
S4 0.0 375 50.0 12.5
S5 0.0 25.0 62.5 12.5
S6 0.0 375 50.0 12.5
Solution ( op/o )
S1 0.0 50.0 50.0 0.0
S2 0.0 50.0 50.0 0.0
S3 0.0 50.0 50.0 0.0
S4 0.0 50.0 50.0 0.0
S5 0.0 50.0 50.0 0.0
S6 0.0 50.0 50.0 0.0
Solution ( 52 )
S1 0.0 25.0 25.0 50.0
S2 0.0 25.0 25.0 50.0
S3 0.0 25.0 25.0 50.0
S4 0.0 25.0 25.0 50.0
S5 0.0 25.0 375 375
S6 0.0 375 12.5 50.0
Solution ((;;:)
S1 0.0 375 62.5 0.0
S2 0.0 375 62.5 0.0
S3 0.0 50.0 50.0 0.0
S4 0.0 50.0 50.0 0.0
S5 0.0 50.0 50.0 0.0
S6 0.0 50.0 50.0 0.0
Solution (I\o//[og)
S1 0.0 50.0 50.0 0.0
S2 0.0 37.5 62.5 0.0
S3 0.0 37.5 62.5 0.0
S4 0.0 37.5 62.5 0.0
S5 0.0 37.5 62.5 0.0
S6 0.0 37.5 62.5 0.0
Solution ( ;))
S1 25.0 12.5 62.5 0.0
S2 37.5 12.5 50.0 0.0
S3 375 12.5 50.0 0.0
S4 25.0 25.0 50.0 0.0
S5 25.0 25.0 50.0 0.0
S6 12.5 25.0 62.5 0.0

469

The leaf B content showed variation during the
experimental period and the lowest accumulations
were measured for the S1 and S2 solutions (i.e., free of
B) (Table 6). The leaf B content ranged from 108.0 to
3.0 mg kg over the eight shoot collections (Table 6)
and symptoms of nutritional deficiency were observed.
The lowest values of leaf Cu content occurred in the
4" and 5" shoot collections. The leaf Cu content
ranged from 10.3 to 5.2 mg kg™ over the eight shoot
collections (Table 6). The foliar Fe content increased
until the 8" shoot collection; the highest Fe values
were recorded in the 7" and 8" collection. The leaf Fe
content ranged from 296.0 to 54.7 mg kg over the
eight shoot collections (Table 6). The foliar Mn
content decreased through the 8" shoot collection, and
the highest accumulations were recorded in the 1%, 2™
and 3" collections. The foliar Mn content ranged from
1,7833 to 4623 mg kg' over the eight shoot
collections (Table 6). The foliar Zn content ranged
from 62.6 to 30.3 mg kg' over the eight shoot
collections (Table 6).

Considering the S1 and S2 solutions (i.e., free
of B), 62.5% of the B concentrations were rated as
deficient (5" at 8" shoot collections), and 37.5%
were categorized as low (1° at 4™ shoot
collections), which shows the Eucalyptus benthamii
mini-stumps strong response to treatments that
did not include B (Table 7). The foliar B content
of the mini-stumps that received the S3
(0.5 mg L' B) and S4 (0.5 mg L' Zn and B)
solutions were classified as adequate and low.

The mini-stumps that received the S5 (1.0 mg L™
Zn and B) solution presented adequate B
concentrations in all shoot collections. However,
mini-stumps that were fertigated with the S6
(2 mg L' Zn and B) solution presented B
concentrations in the adequate and high range,
which may cause toxicity (Table 7). The foliar Cu
content values were classified as adequate and low
and the Mn contents were between high and
adequate. Despite the wvariations in the Zn
concentrations recorded for the different nutrient
solutions that were evaluated, Zn was the only
nutrient that presented adequate foliar content for
100% of the shoot collections (Table 7). Iron was
the micronutrient that presented the greatest
variation in foliar content among the different shoot
collections; iron content values were classified as
high, adequate, low and deficient (Table 7). Thus,
Fe requires additional attention when managing the
nutrient solutions used for the fertigation of
Eucalyptus benthamii clonal mini-gardens, and this
management should take into account the successive
shoots collections throughout the year as well as
temperature variations by season.
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Table 6. Mean values of foliar boron (B), copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn) content in shoots of Eucalyptus benthamii
mini-stumps.

Collection
Solution 1 2on 3¢ 4" 50 [ 7" 8"

B (mgke")
S1 31.6+2.3 5 26.0+1.7 " 23.0+1.0 < 16908 5.0+1.7™ 9.0x1.7 < 3.6x1.1% 7.6x1.1 ¢
S2 283+1.1¢ 27.0+2.0 ™ 253+2.80 1424207 4.6+25"™ 8.0+0.1 3.0+0.1 7.6+1.1%
S3 36.6%2.8 45 43.6+2.8 5 45.6+1.5%" 41,6345 343411 426+4.0%° 47.6+23 % 29.0+1.0
S4 36.0+3.6 AP 413+1.1¢ 42.6+3.0% 375205 336423 40.6+23™ 44017 273+20%
S5 40.0%0.1 A% 55.0+3.0 & 51.6+3.0 522+0.1 % 54.0+5.5 % 47.6%5.0 ** 55.0+4.5 % 35.6%3.5%
S6 47.0£5.5™ 723+2.0% 67.0+5.1% 68.3%£5.9 68.0+0.1 % 90.6+8.2 % 108.0£8.6"  61.3+2.0*
Solution Cu (mgkg™)
S1 8.5x0.2 M 10.3+1.5% 9.1£0.5 4 6.8+0.3 % 7310 7.0£0.7 A 10.0+1.6% 9.2%0.6 "
S2 7.1£0.4 4% 9.3x0.5"" 8.1£0.9 A 6.7£0.5% 6.7x0.7 63£0.1" 9.1x12" 8.5£0.3 4"
S3 8.4+20™ 8.6+0.5 "™ 82+03™ 75+0.6™ 7.6£0.5% 73x£1.0% 9.4x1.0™ 8.6x0.1"
S4 7.1£23 4% 7.6£1.1%° 8.2:+(0.4 AP 6.7£0.7 % 7.2£0.9% 74x1740 8.7+1.4" 9.4+0.4 ™
S5 5.6+0.2"% 7.6+0.5 " 8.7+0.7 4 7.0£0.7 % 6.5+0.3 " 7.8+1.0 %" 9.5+1.3 " 9.7+0.7 ™
S6 5.2+0.4 " 7.3+0.5 " 7.8+0.3 6.9+0.5 4 6.40.3 A 84174 9.2+1.6™ 9.2x0.7™
Solution Fe (mgkg")
S1 61.4+1.9M 61.6+1.5 105.7+6.1 ¢ 113.7£20.6 %  913%47"¢ 101143 1682x11.0%" 219.0£15.6“
S2 61.3+£4.8% 61.3£32"% 100.3%5.8 ** 106.5£12.4 % 94.8+3.4 % 98.6+7.0 150.5£14.9% 247632225
S3 64.3+£4.8% 62.3+£32"% 103.5£9.2 ** 100357 106.8+10.2% 117.9+13.2% 191.6+12.1 %% 2363%13.9 °*
S4 56.9+2.8 65.6£4.9 93.4+3.0"% 101.8+7.0 102.6+8.7 107.5+6.0 196354 296.0£62.0
S5 62.4£7.0% 63.3£1.1% 121.8+15.4 % 103.5£2.8%  99.9+3.6 118372 219.4+19.1%  267.2£33.9 4%
S6 54.7£2.0% 60.6+3.5 104.411.4 2% 97.6+3.0**  110.0£8.6"!  121.0+4.4* 224.8+62 % 281.1+26.7 "%
Solution Mn (mgkg")
S1 1,675.0£72.5™ 1,7833+123.9™ 1,351.6+£263 " 648.1+88.4 " 576.0+21.1"  663.3+£1002*¢ 819.3x1163* 699.6+12.0
S2 1,540.0:11.3 " 1,608.3+45.3 ™ 1,211.3+£127.4 % 613.6268.6* 462.3+42.6™ 541.6+60.9"  7883+128.0* 753.0x11.7%
S3 1,471.6+11.7"  1,375.0+65.3 > 1,053.6+£91.3 % 644.0+96.5% 590.6+1322" 624.6+108.8" 7033725 632.0£19.1%
S4 1,461.6+56.0 ™ 1,236.6+10.4 ™ 941.3+68.4 511.0+£20.4*  524.6+£36.7™ 5673+281™  698.0+29.3* 707.6+16.1*
S5 1,522.3+£99.6 " 1,486.6+£143.6 "  1,152.6+£226.3 ™ 571.9+85.1" 506.6+£62.0* 616.6+43.6"!  7803%75.5"  658.0+6.0
S6 1,577.6+£171.9 "™  1,403.3+80.2"°™  1,047.6+£13.6"" 564.1+31.5" 516.0+81.6" 585.3+48.8"  700.0+78.7* 639.6x10.1"
Solution Zn (mgkg™)
S1 37.0%2.6 4" 40366 38.6£3.0% 35528 363%2.0% 373237 37.0£2.0 < 53.3+3.7 ™
S2 303+1.1% 34.0%2.6 2% 353+2.5 % 37.4+3.3 % 37.6x1.5 % 38.0£1.7 % 39.0%£2.6 < 58.3+3.0 %™
S3 39.0%2.6 % 32.0%2.6 4 34.0£2.0 % 41.5£94 " 40.3%2.0 %" 38.6+1.17% 38.0%1.7 < 50.6+1.5"
S4 36.6%2.0 AP 31.3+45™ 34.6x1.5 37.6£60%¢  393+28"¢  433x15% 42.0£2.05" 56663
S5 35.0%2.0 4 34.0%2.0 A% 38.6£1.5% 41.3£3.1% 383%0.5% 42.3+2.5 483+3.54% 62.0£0.1*
S6 30.6%5.0 ** 313325 39.0£2.6 ** 37.4£59%%  393+2.0" 43.6+£2.0 * 52.3+3.7% 62.6£64 ™

In columns, means followed by the same uppercase letter and, in the rows, means followed by the same lowercase letter do not differ significantly by Tukey’s test at the 5% significance

level. Data presented as the mean *+ standard deviation.

Analysis of the Pearson Correlation Matrix
verifies a high correlation between maximum
(TMAX), medium (TMED) and minimum
(TMIN) air temperature and foliar N, P, K, Mg,
S, Fe and Mn contents (Table 8). The higher the
temperature the
containing the Eucalyptus benthamii clonal mini-
garden, the lower the leaf N, P, K and Fe content
(i.e., the correlation was negative). However,
foliar Mg, S and Mn content increased with
showing a

recorded inside greenhouse

increasing positive
correlation (Table 8). There was a positive
correlation, with the highest value of 0.60, for
P*N, Mg*Ca, Fe*K and Mn*S, which indicates
content of these nutrients.
However, there was a negative correlation, with a
value at -0.60, for Mn*N, which indicates that the
increased foliar content of one nutrient (Mn or
N) was followed by the reduction of the other
nutrients (Table 8).

The nutritional status of donor plant shoots is

temperature,

increased foliar

one of the determining factors for vegetative
propagation success through adventitious rooting

(CUNHA et al, 2009 HARTMANN
et al.,, 2011). The use of balanced nutrient
solutions in clonal mini-garden systems ensures
the nutritional equilibrium of mini-stumps.
However, ideal nutrient concentration patterns
have not been established for Eucalyptus mini-
stumps (ALFENAS et al., 2004), and adjustments
are required in accordance with the management
conditions and genetic material.

N concentrations were classified as deficient in
12.5%
summer), regardless of the nutrient solution. This

of the observations (i.e., during the
result indicates that the N concentration in the
basic
according to the nutritional needs of the genetic

nutrient solution may be increased
material and the time of year. N is a component
of amino acids, amines, amides, nitrogenous
bases, alkalis, chlorophylls and many coenzymes
(TAIZ; ZEIGER, 2009) and is correlated with
adventitious rooting (CUNHA et al., 2009¢). The
deficiency in Eucalyptus leaves is characterized by
gradual and generalized chlorosis of older leaves

and etiolation (DELL et al., 1995)
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Table 7. Frequency of foliar micronutrient contents considered high, adequate, low and deficient in Eucalyptus benthamii mini-stumps,

according to the nutrient solution and eight shoot collections.

Solution High Adequate Low Deficient
B (%)

S1 0.0 0.0 375 62.5
S2 0.0 0.0 375 62.5
S3 0.0 75.0 25.0 0.0
S4 0.0 75.0 25.0 0.0
S5 0.0 100.0 0.0 0.0
S6 375 62.5 0.0 0.0
Solution Cu (%)

S1 0.0 62.5 375 0.0
S2 0.0 50.0 50.0 0.0
S3 0.0 62.5 375 0.0
S4 0.0 375 62.5 0.0
S5 0.0 375 62.5 0.0
S6 0.0 375 62.5 0.0
Solution Fe (%)

S1 0.0 50.0 25.0 25.0
S2 12,5 25.0 375 25.0
S3 12,5 50.0 125 25.0
S4 12,5 50.0 125 25.0
S5 12,5 375 25.0 25.0
S6 25.0 25.0 25.0 25.0
Solution Mn (%)

S1 50.0 50.0 0.0 0.0
S2 62.5 375 0.0 0.0
S3 50.0 50.0 0.0 0.0
S4 50.0 50.0 0.0 0.0
S5 50.0 50.0 0.0 0.0
S6 50.0 50.0 0.0 0.0
Solution Zn (%)

S1 0.0 100.0 0.0 0.0
S2 0.0 100.0 0.0 0.0
S3 0.0 100.0 0.0 0.0
S4 0.0 100.0 0.0 0.0
S5 0.0 100.0 0.0 0.0
S6 0.0 100.0 0.0 0.0

Table 8. Summary of Pearson Correlation Matrix for maximum (TMAX), medium (TMED) and minimum (TMIN) air temperature
and foliar nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), copper (Cu), iron (Fe) and
manganese (Mn) contents of Eucalyptus benthamii mini-stump shoots during 316 days of successive shoot collections.

Variable TMAX TMED TMIN N P K Ca Mg S Cu Fe Mn
TMAX 1

TMED 0.99" 1

TMIN 0.97" 0.99™ 1

N -0.78™ -0.77" -0.76™ 1

P -0.48™ -0.46™ -0.45™ 0.74™ 1

K -0.78™ -0.85™ -0.87" 0.52" 0.25" 1

Ca 0.16"™ 0.08™ 0.04™ -0.22" -0.02™ 0.29™ 1

Mg 0.54" 0.47" 0.43" -0.59™ -0.46™ -0.01™ 0.71" 1

S 0.62" 0.64™ 0.65™ -0.51™ -0.09™ -0.47" 0.28" 0.43" 1

Cu -0.18™ -0.20" -0.21" 0.217 0.02™ 039" 0.20" 0.27" 0.01™ 1

Fe -0.61™ -0.68™ -0.72" 0.40™ 0.01™ 0.86™ 0.29" 0.11™ -0.54™ 0.44™ 1

Mn 0.68™ 0.71" 0.73" -0.67" -0.38" -0.52" 0.35" 0.53" 0.78" 0.05™ -0.48™ 1

"Value not significant at the 5% significance level by F test. and “Value significant at the 5% and 1% level, respectively, by the F test. Note: Zn and B were not included because they

were present in varying concentrations within the nutrient solutions.

The influence of N on the production system of
Eucalyptus mini-cuttings has been reported in several
studies and controlling N concentrations in
nutritive  solutions requires great care. Rosa
et al. (2009) observed that N significantly influenced
the productivity of shoots in Eucalyptus dunnii mini-
stumps; N is essential for adequate plant metabolism
and therefore affects the quantity and quality of
shoot production. Carvalho Neto et al. (2011)
verified a significant effect of a fertigation solution’s
N concentration on dry matter in Eucalyptus urophylla
mini-cuttings; they observed a linear decrease in dry

matter with increasing N concentrations. Cunha
et al. (2008) observed a positive correlation between
nitrogen content and the number of mini-cuttings
in a sand bed clonal mini-garden of Eucalyptus grandis
x Eucalyptus urophylla, which indicates that it is
necessary to increase the availability of nitrogen to
the genetic material to increase the mini-cuttings’
productivity. Nevertheless, Higashi et al. (2005)
commented that the excessive increase of the
nutrient solutions N concentrations can reduce the
concentrations of B, Cu, Fe, Mn, and Zn among a
clonal mini-garden of Eucalyptus and demonstrated
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the importance of knowing the critical levels and
nutrient interactions for each genetic material.

Among the observations for all nutrient
solutions, 50% the K content was deficient
(Table 5), which suggests that it may be necessary to
increase the K concentration in the nutrient solution
(Table 1). The element K activates many enzymes
and is involved in stomatal control and carbohydrate
transport (TAIZ; ZEIGER, 2009); the K participates
in three inter-related functions: (i) transport
through the membrane, (ii) neutralization of anions
and (iii) control of the osmotic potential (DELL
et al.,, 1995). A K deficiency is characterized by green
leaves or blue-green leaves with marginal necrosis and
wilting and may cause lateral bud and terminal
mortality under severe conditions (DELL et al., 1995).

Cunha et al. (2008) reported a positive
correlation of the K foliar content for a Eucalyptus
grandis hybrid (clone 57) and for a genotype of
Eucalyptus grandis (clone 7074) and the adequate and
ideal K concentrations proposed in this study were
not the same between the different clones.
However, in the same study, the authors found
negative effects of the nutrient solutions’ K
concentrations on a clone of Eucalyptus grandis x
Eucalyptus urophylla and recommended reducing the
fertigation solution’s K concentration. These eftects
may be associated with the high mobility of K
(TAIZ; ZEIGER, 2009), which is easily absorbed
and redistributed in plant tissues when it is available
(DELL et al., 1995), which may also have influenced
the growth and development of Eucalyptus benthamii
mini-stumps.

Nutritional deficiencies in Fe were present for all
nutrient solutions, and 25% of the total observations
were classified as deficient, which suggests that it is
necessary to increase the nutrient solutions’ Fe
concentration according to the amount required by
the genetic material and the time of year. The Fe
activates enzymes and participates in oxidation-
reduction reactions in homeoproteins (cytochromes,
leghemoglobin, catalase, peroxidase and superoxide
dismutase) and non-hemic proteins with F-S
binding, such as ferredoxin and reductase enzymes,
nitrogenase and sulfate reductase. In addition, Fe
catalyzes chlorophyll biosynthesis (TAIZ; ZEIGER,
2009). An iron deficiency is characterized by the
inability of young leaves to synthesize chlorophyll;
the leaves show interveinal paling in which only the
conductive vessels remain green, fine and curved
stems, necrotic areas on the edges of the limbus,
premature falling of leaves and reduction in growth
(DELL et al., 1995).

Cunha et al. (2008)

correlations between Fe

reported
content and

negative
shoot

Brondani et al.

production in Eucalyptus grandis x Eucalyptus urophylla
mini-stumps and for  Eucalyptus  grandis in
experiments conducted with clonal mini-gardens in
sand beds. Similar to the present study’s
observations for Eucalyptus benthamii mini-stumps,
Cunha et al. (2008) observed wvariations in the
frequency of cases where the Fe concentration was
considered adequate, low and deficient; this fact
indicates the need for further studies related to Fe
nutrition in Eucalyptus clonal mini-gardens. These
studies are also essential to generate further
knowledge about the nutritional quality of shoots to
be used as mini-cuttings.

With regard to the omission of Zn and B in the
nutrient solutions, B deficiency symptoms were
more frequent in Eucalyptus benthamii mini-stumps,
which  demonstrated the efficiency of the
methodology applied to study the B’s effects. The
Zn nutritional content was not affected by the
different nutrient solutions, the foliar content was
classified as adequate in all treatments (Table 7),
which is similar to what was reported by Sgarbi
et al. (1999) for Eucalyptus grandis x Eucalyptus
urophylla. According to the literature, B deficiency in
Eucalyptus is often characterized by death of apical
meristems followed by over budding of the lateral
buds, deformed leaves of reduced size, marginal
chlorosis and the presence of salient veins in the
middle of the intermediate leaves (SGARBI
et al, 1999; SILVEIRA et al, 1998; SILVEIRA
et al., 2000; SILVEIRA et al, 2002). These
symptoms were observed in mini-stumps subjected
to treatment with the S1 (omission of Zn and B) and
S2 (omission of B) solutions from the 5 shoot
collection.

The Zn content of the water used to formulate
the nutrient solution is another important factor to
consider and, in this case, was 0.01 mg L. The daily
irrigations (ranging from 600 to 1,000 mL per pot
according to the season) and weekly washings to
reduce the salinity in the substrate may have
supplied additional Zn for the mini-stumps,
although this element was present in low
concentrations in the water. This factor may have
influenced the lack of Zn deficiency symptoms
(DELL et al., 1995) in the Eucalyptus benthamii mini-
stumps. Future experiments using the same type of
management system adopted in this study should
consider these factors and control them more
precisely to study the effect of Zn on mini-stump
growth characteristics, especially in relation to
substrate type and irrigation water and fertigation
purity control (e.g., hydroponic systems).

Another important effect in relation to nutritional
aspects includes the high correlations between N
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(< -0.76), K (< -0.78) and Fe (< -0.61) and
maximum, mean and minimum air temperatures in
the greenhouse (Table 8). This observation indicates
that the increase in temperature may have induced
deficiencies of these nutrients in Eucalyptus benthamii
mini-stumps. The effect of temperature on the
nutritional characteristics of shoots has been reported
by several studies (HUANG et al., 1999; RAMAGE;
WILLIAMS, 2002; SCHWAMBACH et al., 2005;
TRUEMAN et al, 2012), including studies on
Eucalyptus clonal mini-garden systems (ALFENAS
et al, 2004; CUNHA et al., 2009a). Temperature
influences the mobility of nutrients in the nutrient
solution, absorption sites of the plasma membrane,
absorption speed, translocation and redistribution in
the tissues (DELL et al., 1995) and interferes with
enzymatic activity (TAIZ; ZEIGER, 2009). These
observations emphasize that the air temperature in the
Eucalyptus benthamii clone production system should be
more tightly controlled in consideration of the
subtropical species’ characteristics, especially during the
warmer seasons (BRONDANI et al, 2010,
BRONDANI et al, 2012; SCHWAMBACH
etal., 005; TRUEMAN et al., 2012).

Conclusion

The foliar macro and micronutrient contents varied
significantly according to the shoot collections and
nutrient solutions.

The foliar B, N, K, and Fe contents were the most
affected during the mini-stump shoot collections.

In general, the S5 (1.0 mg L Zn and B) and S6
(20 mg L' Zn and B) solutions favored the foliar
accumulation of macro and micronutrients in
Eucalyptus benthamii mini-stumps.
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