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Abstract The objective of this work was to assess the inci-
dence of Yellow Sigatoka in banana plants cultivated with
deficiencies of nitrogen, phosphorus, potassium, calcium,
magnesium, sulfur or boron. The experimental design was a
randomized complete block with 8 treatments, 4 repetitions
and 1 plant per repetition. The treatments were supplied in
solution culture and consisted of all the nutrients (control) or
nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), sulphur (S) or boron (B) deficiency.
Leaves 1 and 2 were inoculated on the abaxial surface with
a suspension of conidia and assessed every 5 days to with a
total of 5 assessments. The average number of lesions were
integrated for the area under the disease progress curve
(AUDPC). The greatest AUDPC occurred in plants deficient
in K, N, P, S, or Mg. Plants deficient in N, P, K, Ca, Mg, S or B
had lower leaf contents of these nutrients and showed mor-
phological changes expressed in visual deficiency symptoms.
Thus, banana plants deficient in K, N, P, S or Mg had a greater
incidence of Yellow Sigatoka, compared with plants with full
nutrients and plants deficient Ca or B.
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Introduction

The banana plant (Musa spp.) is among the most cultivated
fruit species in tropical and subtropical countries because the
fruit is appreciated by many consumers. World banana pro-
duction in 2013 was 106.71 million tons; with the largest
producers being India, China, Philippines, Brazil and
Ecuador (Faostat 2015). There are a large number of diseases
that can decrease banana productivity (Furtado et al. 2009);
however, Yellow Sigatoka (Mycosphaerella musicola Leach
(Stat. Conid. Pseudocercospora musae Zimm.)) has become
increasngly important in recent years (Gomes et al. 2013).
This disease is wide-spread in several producing regions
where it causes early leaf death and a consequent reduction
in plant growth and development that severely limits produc-
tion (Surridge et al. 2003). Loses caused by Yellow Sigatoka
are estimated by 50 to 100 % depending on the microclimate
(Aman and Rai 2015; Cordeiro and Matos 2005; Rocha et al.
2012). According to Cordeiro et al. (2005), Yellow Sigatoka is
difficult to control. The best way to manage this disease is to
use several control measures, among which is to keep the plant
well nourished. It is well known that fast leaf emergence, in
shorter breaks, provids not only gene expression for horizontal
resistance, but also the improvement of physical and chemical
barriers to pathogen infection (Marschner 2012; Taiz and
Zeiger 2013).

The banana plant grows and develops rapidly, necessitating
an appropriate concentration of nutrients in the soil with a
subsequent balanced nutrition if the plant is to reach high
productivity (Santos et al. 2009; Silva et al. 2011). Due to this
fact, many researchers describe the effects of mineral nutrition
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on the growth and productivity of the banana plant; however,
few of them show the relationship of nutrition with the inten-
sity of disease (Freitas et al. 2015).

The relationship between plant nutrition and disease is hard
to study because it is difficult to isolate external factors or the
effect of individual nutrients in the infectious process. Studies
in nutrient solution permit the isolation of each nutrient to
enable studying the relationship between the nutritional ef-
fects and the intensity of disease (Lima et al. 2010).

Considering the shortage of information related to nutrient
effects on the intensity of Yellow Sigatoka of banana and the
necessity of adopting management strategies that can reduce
the use and impact of agricultural pesticides on the environ-
ment, our objective was to assess the affect of individual mac-
ronutrients and Boron on the incidence of Yellow Sigatoka on
banana plants cultivated in nutrient solution.

Materials and methods

This experiment, with the same treatments, was repeated in
order to verify repeatability of the results. In both experiments,
banana seedlings (Musa spp.“AAA Cavendish’)
micropropagated from Grande Naine were selected for unifor-
mity after the 4th leaf appearance. The seedlings were initialy
gorwn for 15 days in 16 L trays containing the basic nutrient
solution of Hoagland and Arnon (1950) at 50 % ionic strength
with continuous aeration. After this initial adaptation, the
plants were transferred to 6 L vessels painted on the external
surface with reflective paint. These vessels contained the
100 % ionic strength nutrient solution of Hoagland and
Arnon (1950) under continuous aeration modified for the 8
treatments consisting of a complete nutrient solution with all
the nutrients (control) or with nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg), sulphur (S) or
boron (B) deficiency (Table 1). The experimental design was a
completely randomized block design with four repetitions of
one plant per repetition.

The pH of the nutrient solution was monitored weekly, and
kept between 5.5 and 6.0 with the addition of HC1 0.1 mol L™
or NaOH 0.1 mol L™". Whenever necessary, the volume in the
vessels was replenished with deionized water. The nutrient
solution was changed in the different treatments when there
was a 30 % depletion of K in the control treatment as deter-
mined by a Compaction Meter® (Horiba-CARDY).

Mpycosphaerella musicola was isolated from banana leaves,
cultivar Prata Ana (Musa spp.), following the methodology
described by Cordeiro et al. (2011). Six 5 mm diameter plugs
of sporulating mycelium removed from 23 day old malt agar
colonies were transferred to 50 ml Erlenmeyer flasks contain-
ing 30 ml of V8 liquid medium (100 ml of V8 juice, 1 g of
CaCO3 and 900 ml of distilled water). After inoculation, the
Erlenmeyer flasks were agitated (120 rpm) for 6 days. After
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Table 1 Chemical composition of nutritive solution (ml L") of
Hoagland and Arnon (1950) modified, used in the experiments

Treatments

Stock solution Control N P K Ca Mg S B

KH,PO, 1 1 o1 - 1 1 1 1
KNO; 5 - 5 06 5 3 3 5
Ca(NO3), 5SH,O 5 - 5 5 - 4 4 5
MgS0,7H,0 2 2 2 2 2 - - 2
KCl - 5 1 - - 2 2 -
CaCl,2H,0 - 5 - - 05 1 -
NH,H,PO, - - - 1 - - - -
NH,NO; - 5 - 2 5 - - -
(NH4),S04 - - - - - 2 02 -
MgNO36H,0 - - - - - 02 2 -
Micro® 1 1 1 1 1 1 1 -
Micro-B® - - - - - - - 1
FeEDTA® 1 1 1 1 1 1 1 1

#Full solution of micronutrients: it was separately dissolved 2.86 g of
H;3;BOs3; 1.81 g of MnCl,.4H,0; 0.10 g of ZnCly; 0.04 g of CuCl, and
0.02 g of HM004H,0, and after the mixture, the volume was completed
to 1000 ml

®Micronutrients solution without boron: equal to the full micronutrients
solution with the exception of adding H;BOs

°Fe-EDTA solution: (a) Solution A-33.3 g of Na,-EDTA dissolved in
500 mL of distilled water at 30 °C containing 100.4 mL of NaOH
1 mol L'; (b) Solution B — 24.9 g of FeSO,.7H,0 dissolved in
300 mL of distilled water at 70 °C, containing 4 mL of HCl 1 mol L™ ;
mix the solutions A and B, completed the volume for 1000 mL with
distilled water, and it was put under steady aeration for 12 h. The solution
was packaged in amber empties covered with aluminum foil as a protec-
tion against the light

this period, the content was distributed into two Petri dishes
containing V8 solid medium (100 ml of juice V8, 20 g agar,
1 g of CaCO3 and 900 ml of distilled water). To facilitate
drying, the dishes were kept open in the BOD with four
20 W fluorescent bulbs at 25 °C and 24 h photoperiod. After
the culture medium dried (approximately 2 days of incuba-
tion), 10 ml of sterile distilled water was added to each dish
and toothbrushes were used to facilitate the release of conidia.
The suspension obtained was filtered through a double gauze
layer and the spore concentration was adjusted using an opti-
cal microscope fitted with a Neubauer chamber based on an
average of 4 readings.

Plants were inoculated 28 days after transferring them to
the individual treatments by atomizing a suspension of 2x 10*
conidia ml™" to the abaxial surface of leaves 1 and 2 for full
coverage without draining (Lhomme and Jimenez 1992).
After inoculation, the plants were kept in a moist chamber
maintained at 95 % relative humidity with an ultrasonic hu-
midifier for 48 h.
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Seventeen days after inoculation, the number of lesions
were recorded using a template with a rectangular area of
50 cm? to evaluate the four quadrants of the leaf blade
(Cordeiro 1997). Five assessments were made at 5 day inter-
vals. The average number of lesions in the four quadrants were
used to calculate the area under the disease progress curve
(AUDPC) according to the equation proposed by Shaner and
Finney (1977):

n—1
. |
AUDPC = E (W) (t; + 1-1)
i=1

In which:

yi proportion of disease in i-th observation
ti  time, in days, in i-th observation
n total number of observations.

After completing the disease assessments, leaf 3 was dis-
sected discarding the central vein, washed in distilled water,
separately packaged in paper bags and kiln dried at 60 °C.
After drying to a constant mass, the samples were ground
and analyzed (Malavolta et al. 1997), to determine their nitro-
gen, phosphorus, potassium, calcium, magnesium, sulphur,
boron, copper, iron, manganese and zinc content.

The Shapiro-Wilk test (Shapiro and Wilk 1965) was ap-
plied to the data to assess the normal distribution using soft-
ware R (R Core Team 2014). In the absence of normality, the
data were transformed through the algorithm of Box and Cox
(1964). After these procedures, the variation between the two
experiments of each variable was submitted to joint analysis
over time, using the PROC GLM procedure of SAS (v. 9.2;
SAS Institute Inc.). The variables were then submitted to an
analysis of variance analysis (ANOVA). Significant variables
(F test) were compared through the Scott-Knott test (P<0.05)
of software R included with the Agricolae (Mendiburu 2014)
and Scott-Knott (Jelihovschi et al. 2014) packages.

Results and discussion

Since there was no difference between the two experiments,
the data presented are the average of the two experiments. The
area under the disease progress curve (AUDPC) showed sig-
nificant differences (P<0.05) between the treatments. The
highest AUDPC occurred in plants that were deficient in K,
N, P, S or Mg. The plants with all the nutrients (control) had
the least AUDPC, but did not differ statistically from the Ca or
B deficient treatments (Fig. 1).

The highest values of AUDPC with a deficiency of N or K
can be due to these nutrients being required in higher quanti-
ties than the others in banana culture (Diniz et al. 1999; Santos
et al. 2009) (Fig. 1). The role of these two nutrients in plant
diseases is specific in each pathosystem and dependant on the

host species and its interaction with the pathogen and the
environment. It can occur with higher or lower disease inten-
sity depending on the supply of the element and its balance
with other nutrients (Pozza and Pozza 2012).

Belan et al. (2014) reported low K in leaves of coffee plants
close to lesions of necrotrophic and biotrophic pathogens and
high K in tissues more distant from them. These authors relat-
ed their results to the effects of K in the plant’s defense to
pathogens and to the breaking of the vacuole. The beneficial
effects of K in suppressing disease have been verified for
necrotrophic and biotrophic pathogens (Dordas 2009).
Although K deficient plants are generally more susceptible
to infection than plants properly nourished (Huber and
Graham 1999), the susceptibility of K deficient plants is relat-
ed to several metabolic functions infuenced by this nutrient in
plant metabolism (Amtmann et al. 2008; Marschner 2012).
According to Marschner (2012), K is involved with cellular
permeability that maintains turgor and keeps water available
for essential enzymatic activity and several other metabolic
processes. According to Huber and Arny (1985), K increases
the accumulation of phytoalexines and phenols around infect-
ed areas to reduce the colonization and reproduction of path-
ogens, and decrease the production of initial inoculum.
Moreover, K reinforces the cell wall and enhances the forma-
tion of inter and intracelular material to make the penetration
of pathogenic agents difficult by stimulating the cicatrization
of wounds (Li et al. 2010; Pozza and pozza 2012).

In banana culture, several studies report that K is important
in reducing the intensity of diseases. Through the use of
geostatistics, reduced severity of Black Sigatoka was evident
(Mycosphaerella fijiensis) along areas with higher K (Uchda
et al. 2011). The number of plants with symptoms of Panama
Disease (Fusarium oxysporum f. sp. cubense) was also higher
in areas where the plants showed lower leaf K (Furtado et al.
2009). Silva and Rodrigues (2013) also reported that fertiliza-
tion with increasing rates of K,O (up to 800 kg ha ' year)
reduced the percentage of banana plants infected by Panama
Disease. There are also accounts of K affecting other
pathosystems. Doreto et al. (2012) reported a 36 % reduction
in the incidence of soybean rust (Phakopsora pachyrhizi) by
applying 80 kg ha™' of K»O. Increasing concentrations of K
(up to 7 mmol L™ in liquid culture reduced the intensity of
Phoma leaf spot (Phoma tarda) (Lima et al. 2010) and Brown
Eye Spot (Cercospora coffeicola Berk and Cooke (1881)
(Garcia Junior et al. 2003) of coffee trees, although this con-
centration resulted in an imbalance with other nutrients, and
the over-all intensity of disease increased. In wheat, the sever-
ity of foliar blight (Cochliobolus sativus and/or Pyrenophora
tritici-repentis) was reduced 51 % by applying 60 kg ha ' of
K5O (Sharma et al. 2005).

The influence of N on resistance or susceptibility of plants
to disease varies depending on other factors such as the path-
ogen, genotype, concentration and nutrient source used and

@ Springer



586 A.S. Freitas et al.
Fig. 1 Area under the disease 250
progress curve (AUDPC) of
Yellow Sigatoka in banana plants
cultivated in full nutrient solution a
(control) and deficient in nitrogen 200
(—N), phosphorus (—P), potassium -"
(=K), calcium (—Ca), magnesium a a a b
(—Mg), sulphur (=S) and boron T a T T b
(-B). *Means followed by the 150 1 l 1 T -‘_
\ S) I

same letter do not differ -y} b
statistically through the test of % l J_ +
Scott-Knott, at P=0.05 <

100

50 4
0 T T T T T T T T
-K -N -P -S -Mg -Ca -B Control

interaction of N with other nutrients. Appropriate concentra-
tions of N contributed to the synthesis of lignin, phytoalexines
and tannins, but in excess, N reduces the production of these
compounds due to the demand for carbon in photosynthesis
via the Krebs cycle, risking the synthesis of secondary metab-
olites through the shikimic acid cycle that is important for
disease resistance. Excess N also contributes to the release
of polysaccharides on the leaf surface which can be used by
several pathogens as an energy source (Huber and Thompson
2007). Therefore, the effect of N on plant diseases can not be
generalized because specific diseases can be favorable or not
with the increase of N (Pozza and Pozza 2012). Similar to the
effect of K, Furtado et al. (2009) confirmed a higher number
of banana plants with symptoms of Panama Disease in areas
where the plants contained lower leaf N. Brown Eye Spot of
coffee trees, (Pozza et al. 2001) was reduced 20.7 % with
increased N in the nutrient solution. Cao et al. (2011) reported
a 16 % increase in leaf lesions caused by Pseudomonas
syringae pv. syringae on N deficient peach plants. The appli-
cation of 67.2 kg ha ' of N to soil reduced leaf diseases up to
14 %, in wheat following pasture (Krupinsky and Tanaka
2001). In other pathosystems, the application in high rates of
N and an imbalance with other nutrients has been reported to
increase the intensity of several diseases.

After K and N, plants deficient in P, S and Mg had the next
highest AUDPCs (Fig. 1). Phosphorus is an essential mineral
for the production of energy in cellular metabolism (ATP syn-
thesis) and is also a constituent of phospholipids in cell mem-
branes, proteins, nucleic acids, and is involved with the accu-
mulation of lignin and tissues maturation besides other activ-
ities. Thus, it is possible for P to influence plant resistance to
several diseases (Taiz and Zeiger 2013). Increasing applica-
tions of P,Os, from 0 to 170.0 kg ha ! reduced the rate of
Soybean Rust (Phakopsora pachyrhizi) development from
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0.42 to 0.29 (Balardin et al. 2006). In the same way, potato
plants fertilized with P (240 kg ha ') and N (300 kg ha ') had
a lower incidence of Verticillium wilt (Verticillium dahliae)
compared to non-fertilized plants (Davis et al. 1994). The
incidence and severity of Brown Spot in cowpea were also
significantly reduced with applications of 90 and 120 kg ha ™’
of P,Os. Furthermore, fertilization also increased the number
of petioles, pods, nodules, seed/pod, leaf area and crop yield.
These results were attributed to increased growth and devel-
opment of the roots that improved the absorption of nutrients
for vigorous vegetative growth to decrease the intensity of
disease in the crown of the plant by escaping from this disease
(Owolade et al. 2006).

Sulfur participates in important processes during plant
growth and development (Marschner 2012) to influence resis-
tance to plant diseases. The production of toxic compounds,
emission of volatile component (hydrogen sulphide, dimethyl
sulphide and dimethyl disulfide), and production of
gluatathione, phytoalexines and glucosinolates are important
functions to avoid fungal infection (Haneklaus et al. 2007). A
few studies developed to monitor the reduction of diseases by
using S have reported some promising results.

Similar to reports for K and N, Furtado et al. (2009) con-
firmed the higher number of plants with symptoms of Panama
Disease in areas where the plants showed lower levels of S.
Reduced intensity of diseases of other crops with S has also
been reported. Salac et al. (2005) reported a lower incidence
and severity of leaf blotch (Pyrenopeziza brassicae) in rape
plants nourished with S. These authors attributed these results
to the increase in gluatathione, cysteine and glucosinolates.
Similar results were found by Klikocka et al. (2005) who
reported a significant decrease of thine infection by
Rhizoctonia solani, and a noticeable increase in the production
of potato tubers when plants were nourished with S. Klikocka
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Table 2 Contents of nutrients in banana leaves, cultivated in full nutrient solution (control) and deficiency in nitrogen (—N), phosphorus (—P),
potassium (—K), calcium (—Ca), magnesium (—Mg), sulphur (—S) and boron (-B)
Treatments N P K Ca Mg S B Cu Fe Mn Zn
gke' mgkg '
Control 41.8d 2.79f 30.46a 8.36b 3.68¢ 3.05d 24.26¢ 537h 112.73d 122.13f 12.84 g
-N 389 h 331d 29.54b 4.3f 1.76d 3.69b 29.07a 11.43a 166.12b 136.22¢ 14.05¢
-P 392 ¢ 1.09 h 23.61f 6.61d 3.55¢ 2.52f 20.67¢ 6.25¢ 111.32¢ 289.32¢ 12.72 h
-K 43.4b 3.6¢c 20.6 h 384 ¢ 5.69a 4.02a 21.55d 7.97d 106.07 g 309.65b 17.97a
-Ca 46.7a 3.7b 25.37¢ 0.42 h 3.9b 3.62b 27.15b 8.32¢ 116.64c 108.62 h 14.66¢
-Mg 39.6f 4.73a 21.69 g 11.27a 0.36e 2.67¢ 20.67¢ 8.67b 169.12a 119.54 g 14.27d
-S 43.2¢ 247 ¢ 24.28e 6.42¢ 3.67¢c 125¢g 20.67¢ 5.71f 102.73 h 241.46d 15.76b
-B 40.3¢ 2.87e 25.08d 7.46¢ 3.67c 3.15¢ 19.75f 557¢g 106.57f 350.23a 13.32f
CV(%) 2.49 7.27 10.12 2.7 13.81 10.83 10.43 11.01 5.49 13.71 14.68

*Means followed by the same letter in the column do not differ statistically through the test of Scott-Knott, at P=0.05

(2009) also observed a decrease in the incidence and severity
of Streptomyces scabies and Rhizoctonia solani on potato tu-
bers in areas where S was applied to the soil.

Magnesium is a component of structural tissues and partic-
ipates in several physiological and biochemical functions;
moreover, it is a component of the chlorophyll molecule and
necessary for protein synthesis (Marschner 2012). Due to Mg
participation in these processes, deficient or extremely under
nourished plants with this nutrient tend to be more susceptible
to diseases (Huber and Jones 2013). Relatively few studies
have shown the effects of Mg on plant diseases. Among those
reported, most of them confirm the reduction of disease with a
sufficient supply of Mg (Jones and Huber 2007). In coffee,
Alves et al. (2009) reported a higher intensity of rust
(Hemileia vastatrix) and brown eye spot in the leaves and
fruits of plants deficient in Mg, S, N and Cu. Likewise, leaf
sheath blight (Rhizoctonia solani) in rice was reduced when
the concentration of Mg was increased from 0.062 to 0.5 mM
(Schurt et al. 2014).

Plants deficient in Ca and B had higher AUDPCs than the
full nutrient treated plants (control), although the AUDPC was
lower than plants deficient in the other nutrients (Fig. 1). It is
important to highlight the importance of these nutrients in the
reduction of plant diseases. The role of Ca in the management
of plant diseases is well described in the literature (Pozza and
Pozza 2012). This nutrient aids recognition of pathogen infec-
tion in the plasma membrane, in biomembrane stability and
cell wall structure (Huber et al. 2012). Thus, there are many
reports of reduced disease with the application of Ca to soil

(Pozza and Pozza 2012). In banana plant, Freitas et al. (2015)
and Gerald et al. (2003), reported less Yellow Sigatoka in
areas with higher contents of Ca. The same effect was con-
firmed in other pathosystems, including coffee (Coffea
arabicalCercospora coffeicola) (Garcia Junior et al. 2003),
citrus (Citrus paradisi/Mycosphaerella citri) (Mondal and
Timmer 2003) and oak (Quercus ilex/Phytophthora
cinnamomi) (Serrano et al. 2013). In contrast to Ca, only a
few studies report the effects of B on plant diseases. Some
mechanisms involved with a sufficiency of B include detoxi-
fication of microbial metabolites, strength and integrity of the
cell wall, and synthesis of phenolic compounds and lignin
(Stangoulis and Graham 2007).

Nutritional deficiency of the plants with the various treat-
ments was confirmed through leaf analyses and the expression
of visual symptoms (Tables 2 and 4). Leaf content of N, P, K,
Ca, Mg, S or B were significantly lower with all treatments
compared with the full nutrient control, (Table 2). Nutrients in
the full treatment (control) were close to the range considered
sufficient (Borges and Souza 2004) for the culture of banana
(Tables 2 and 3). This result could explain why the lowest
AUDPC was observed in the nutrient sufficient plants
(Fig. 1) since nutrients are responsible for the expression of
horizontal resistance dependent on physical and chemical bar-
riers (Marschner 2012; Taiz and Zeiger 2013).

Furtado et al. (2009), studying leaf content of nutrientes in
healthy banana plants compared with those showing symp-
toms of Panama disease, confirmed the higher content of N,
K and S in asymptomatic plants and lower content of these

Table 3  Ranges of contents of macro and micronutrients considered appropriate for cultivars Nanica, Nanicdo and Grand Naine plant

N P K Ca Mg S B Cu Fe Mn Zn
gke' mgkg '
27-36 1.6-2.7 32-54 6.6-12 2.7-6.0 1.6-3.0 10-25 6-30 80-360 200-1800 20-50

Source: Borges and Souza (2004)
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Table 4  Visual symptoms of nutritional deficiency in banana leaves,
cultivated in full nutrient solution (control) and deficient in nitrogen (—N),
phosphorus (=P), potassium (—K), calcium (—Ca), magnesium (—Mg),
sulphur (=S) and boron (—B)

Treatments Symptoms

Control Absence of symptoms

-N Sharp decline in the growth, chlorosis generalized of leaves
and stems

-P Stunted growth, roots little developed and leaf blade broke

-K Fast yellowing and early withering of older leaves

-Ca Chlorosis in leaf margin, reduction in the leaf area and
thickening of the nerve

-Mg Parallel yellowing to the margins of leaf blade of older
leaves

-S Chlorosis of the leaf blade in newer leaves

-B Deformed leaves and with parallel yellow-white stripes to

the main nerve of the leaf

minerals in diseased plants. The highest N content was found
in the Ca deficient treatment (Table 2). A deficiency of Ca can
favor the accumulation of N in leaf tissue because of a general
disintegration in membrane structure and the loss of cellular
compartmentation (Marschner 2012). The highest content of
P, Ca and Fe were found in the Mg deficient treatment
(Table 2). According to Malavolta et al. (1997) Ca, Fe and
Mg participate in the process known as competitive inhibition;
in other words, these cations compete for the same spot of
absorption. Thus, the deficiency of Mg possibly favored the
absorption of Ca and Fe because of the reduced competitive
inhibition between Mg and these nutrients. The highest con-
tent of Mg, S and Zn were found in the K deficient treatment
(Table 2). These results also can be explained based on com-
petitive inhibition since K competes with Mg and Zn
(Malavolta et al. 1997). In contrast, the highest content of K
was found in the treatment with all the nutrients (Table 2).
This result reinforces the importance of K in the reduction of
Yellow Sigatoka because the AUDPC was lowest in plants
with the full nutrient treatment and highest in K deficient
plants (Fig. 1). Plants receiving the full treatment had a bal-
anced nutritional program (Tables 2 and 3). The banana plant
is sensitive to nutritional imbalance; thus, the balance of nu-
trients can be as important as the specific level of a nutrient
(Silva et al. 2008; Souza et al. 1999). Nutritional imbalance
created by a deficiency of individual nutrients was also con-
firmed in the other treatments. A deficiency of N resulted in a
higher content of B and Cu while the deficiency of B in-
creased Mn (Table 2).

No visual expression of deficiency symptoms were seen in
the full treatment (control) plants; however, morphological
changes and visual symptoms characteristic of individual nu-
tritional deficiencies were observed in plants deficient in spe-
cific nutrients with the other treatments (Table 4).
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Experiments in nutrient solution with missing elements have
been used to characterize deficiency symptoms in other plants
such as soursop (4nnona muricata) (Batista et al. 2003), camu
camu (Myrciaria dubia) (Viégas et al. 2004), pineapple
‘Imperial’ (Ramos et al. 2009) and ornamental ginger
(Zingiber spectabile) (Coelho et al. 2012).

Conclusions

1. Banana plants deficient in K, N, P, S and Mg had a greater
area under the disease progress curve for Yellow Sigatoka
than non-deficient and plants deficient in Ca or B.

2. The deficiency of individual nutrients causes an imbal-
ance in the concentration of other nutrientes that is
expressed as visual morphological changes and symp-
toms characteristic of each nutritional deficiency.
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