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Abstract: The quantification of nutrients accumulated and exported by banana 

bunches provides information on the crop nutritional requirements. Thus, the aim 

of this work was to determine the nutritional demand of 'Grande Naine' and 'Prata 

Comum' banana bunches in the region of Vale do Ribeira, state of São Paulo. Bunch 

sampling was carried out in six harvest seasons, summer, and winter. The results of 

dry matter production and nutrient accumulation in bunches were submitted to 

analysis of variance. Relative growth rates (TCR), organogenic net accumulation 

(TALON), export and order of nutrient accumulation in bunches were estimated. K 

and N were the nutrients most accumulated and exported by both cultivars. In har-

vest period 5 (commercial harvest), more dry matter was produced in the summer 

and more nutrients were accumulated in the winter. The highest TCR values were 

observed between periods 2 and 3 in the summer and between 0 and 1 in the winter, 

but it did not always follow TALON. The results obtained are important to adapt the 

nutritional management of these cultivars to the study region, especially in relation 

to the growing season, due to the longer permanence of the bunch on the plant in 

the winter and greater demand for nutrients until commercial harvest. 

Index terms: Musa spp.; nutrient accumulation; nutrient export. 
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Demanda nutricional de cachos de 
bananeiras ‘Grande Naine’ e ‘Prata 
Comum’, em duas épocas de cultivo 
Resumo: A quantificação dos nutrientes acumulados e exportados pelos cachos da bana-

neira fornece informações sobre as exigências nutricionais da cultura. Deste modo, o obje-

tivo deste trabalho foi determinar a demanda nutricional de cachos de bananeiras ‘Grande 

Naine’ e ‘Prata Comum’, no Vale do Ribeira, Estado de São Paulo. Realizou-se a amostragem 

dos cachos em seis períodos de coleta, no verão e inverno. Os resultados de produção de 

matéria seca e o acúmulo de nutrientes nos cachos foram submetidos à análise de variância. 

Estimaram-se as taxas de crescimento relativo (TCR), a acumulação líquida organogênica 

(TALON), a exportação e a ordem de acúmulo de nutrientes pelos cachos. O K e o N foram 

os nutrientes mais acumulados e exportados pelas duas cultivares. No período de coleta 5 

(colheita comercial), foi produzida mais matéria seca no verão e acumulados mais nutrientes 

no inverno. As maiores TCRs foram observadas entre os períodos 2-3 no verão e 0-1 no 

inverno, porém a mesma nem sempre acompanhou a TALON. Os resultados obtidos são 

importantes para adequar o manejo nutricional dessas cultivares na região de estudo, prin-

cipalmente em relação às épocas de cultivo, devido à maior permanência do cacho na planta 

no inverno e maior demanda de nutrientes até à colheita comercial. 

Termos para indexação: Musa spp.; acúmulo de nutrientes; exportação de nutrientes. 
 

 

Introduction 

Brazil is the world’s fourth largest banana 

producer, with production of approximately 

6.8 million tons; however, in the world 

productivity ranking, the country occupies 

the 61st place, with 14.8 t ha-1 (FAO, 2021). 

The low banana productivity in the country 

is often a result of the nutritional manage-

ment used in commercial orchards such as 

inadequate supply of nutrients for the crop 

(DEUS et al., 2018) due to underutilization of 

soil and plant tissue analysis (DEUS et al., 

2020a). 

The banana tree demands expressive and 

constant amounts of nutrients for its devel-

opment and its nutritional requirement varies 

according to the cultivar, being, in general, 

potassium (K) and nitrogen (N) the nutrients 

most demanded by the plant, being directly 

related to vegetative and reproductive 

growth, fruit production and quality 

(ROMERO; ZAMORA, 2006; BORGES; SILVA, 

2012; RATKE et al., 2012). 

Determining the amount of nutrients accu-

mulated by the crop, as well as their export, 

provides information on the nutritional de-

mands during plant development, indicating 

the appropriate times for the addition of es-

sential elements, allowing better nutritional 

management planning (ROZANE et al., 2011) 

and enabling adaptation to greater crop 

productive potential. 

Several studies have evaluated dry matter 

production and nutrient accumulation in ba-

nana organs, including bunches at just one 

time of the year, considering irrigated culti-

vation in the northeastern region of the 

country (SOARES et al., 2008; HOFFMANN et 

al., 2010a; HOFFMANN et al., 2010b; SOARES 

et al., 2011; DEUS et al., 2020a; DEUS et al., 

2020b). However, this information can only 

be used in fertilization programs for places 
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with water conditions similar to those found 

in these studies, thus limiting nutritional 

management in predominantly non-irri-

gated areas, a condition observed in one of 

the main bananas producing regions in Bra-

zil, the Vale do Ribeira – SP. 

In this way, quantifying the nutritional de-

mand of bunches of different banana culti-

vars in non-irrigated conditions, considering 

more than one growing season, will allow 

obtaining reliable information to assist in the 

adjustment of more efficient fertilization 

programs. Thus, this study aimed to evaluate 

the growth, accumulation, and export of nu-

trients during the development of 'Grande 

Naine' and 'Prata Comum' banana bunches, 

in the winter and summer, in the region of 

Vale do Ribeira, state of São Paulo. 

Material and Methods 

The experiment was carried out in two com-

mercial production plots of 'Grande Naine' 

and 'Prata Comum' banana trees in the mu-

nicipality of Sete Barras, region of Vale do Ri-

beira, state of São Paulo. According to the 

Köppen classification system, the climate is 

Af – humid tropical with no dry season 

(ALVARES et al., 2013), with average annual 

rainfall of 1500 mm. 

The plot with 'Grande Naine' banana had 5 

hectares and spacing between plants of 2.0 x 

2.0 m; the plot with 'Prata Comum' banana 

had 4 hectares and spacing between plants of 

2.0 x 2.5 m. In order to evaluate the initial soil 

chemical characteristics (Table 1), 20 simple 

subsamples were collected at the experiment 

implementation (02/11/2015), in each plot, in 

the 0.0 – 0.20 m layer, in the banana fertiliza-

tion region. Soil samples were dried in an 

oven at 45ºC, sieved through 2 mm mesh and 

analyzed according to methodology pro-

posed by Raij et al. (2001). Phosphorus (P), 

potassium (K), calcium (Ca) and magnesium 

(Mg) concentrations were determined using 

the ion exchange resin method; sulfur (S-SO4
-

2) was turbidimetrically extracted with calcium 

phosphate; pH in CaCl2; organic matter (OM) 

by colorimetry; H+Al with SMP buffer solu-

tion; Al in KCl; boron (B) extracted via hot wa-

ter; and copper (Cu), iron (Fe), manganese 

(Mn) and zinc (Zn) in DTPA at pH 7.3. 

Table 1. Soil chemical attributes in plots culti-

vated with 'Grande Naine' and 'Prata Comum' 

banana trees at depth of 0.0-0.20 m. 

 
Cultivars 

Grande Naine Prata Comum 

pH CaCl2 6.4 4.9 

MO (g dm-3) 22 33 

P (g dm-3) 176 102 

K* 2.3 2.0 

Ca* 88 46 

Mg* 52 25 

H+Al* 15 19 

Al* 0 0 

SB* 142.3 73.0 

CTC* 157.3 92.0 

V (%) 91 79 

B* 1.72 0.63 

Cu* 1.8 2.6 

Fe* 20 55 

Mn* 23 140 

Zn* 5.6 5.0 

S-SO4* 4 9 

* mmolc dm-3 

The experimental design used was com-

pletely randomized (CRD), with four repli-

cates, in a 2 x 6 factorial scheme, totaling 12 

treatments. Factors corresponded to six har-

vest periods, during bunch development, in 

two seasons, summer and winter. The first 

harvest (period 0) was performed when 

plants started to produce the bunch; the sec-

ond (period 1) was performed when it was 

possible to visualize a female bunch and fruit 

(female flowers) discovered by bracts; the 

third (period 2) was performed when it was 
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possible to visualize three female bunches 

and fruits discovered by bracts; the fourth 

(period 3) was performed when it was possi-

ble to visualize all female bunches and fruits, 

which occurred when the first male bunches 

started to open; the fifth (period 4) was per-

formed when the bunch was at 50% of its de-

velopment, that is, in half the time for its har-

vest; and the sixth collection (period 5) was 

performed when the commercial harvest of 

bunches was carried out, that is, as soon as 

fruits of bunch two still had corners, corre-

sponding to the “¾ lean” maturation degree 

(MOREIRA, 1999). 

The first harvest was established as day zero 

and, from there, the days for the bunch to 

reach the subsequent harvest period until its 

commercial harvest were counted. 'Grande 

Naine' reached, in days, the harvest periods 

in summer and winter, respectively, period 0 

(0 days), period 1 (7 and 3 days), period 2 (10 

and 11 days), period 3 (14 and 20 days), pe-

riod 4 (64 and 82 days) and period 5 (108 and 

123 days); 'Prata Comum' reached period 0 

(0 days), period 1 (7 and 6 days), period 2 (10 

and 14 days), period 3 (14 and 21 days), pe-

riod 4 (109 and 63 days) and period 5 (150 

and 118 days). 

The cultural management in both plots fol-

lowed the technical recommendations for 

the region, highlighting that Sigatoka con-

trol was carried out in a preventive way, with 

aerial fungicide applications and in period 3 

(beginning of the opening of the first male 

bunches), the operation to remove male ra-

chis from bunches was performed. 

Bunches (fruit and stalk) harvested in each 

period were washed, placed in paper bags, 

and taken to drying in a forced air ventilation 

oven at 65°C, until reaching constant mass. 

Subsequently, samples were weighed to de-

termine the total dry matter mass and 

ground in Willey mill for later determination 

of nutrient contents, as indicated in Bataglia 

et al. (1983). In the last period, to determine 

the dry matter production and nutrient con-

tent, samples were analyzed by separating 

the stalk from the fruit. At this stage, nutri-

ents were analyzed separately, as it is com-

mon, after removing bunches, to return the 

stalks to the production area, where parts of 

extracted nutrients can be returned to the 

system. 

Nutrient accumulation in the bunch was cal-

culated by the product between the nutrient 

content and the dry matter mass in each 

evaluation period. In the last period, the nu-

trient accumulation in the bunch was deter-

mined by the product of the nutrient content 

in the stalk and fruit by its respective propor-

tion of total dry matter mass. Nutrient accu-

mulations in stalk and fruits were summed to 

estimate the total value in the bunch. 

Nutritional indexes were estimated using the 

formula proposed by Welbank (1962): 

𝑇𝐶𝑅 =
ln 𝑀2 − ln 𝑀1

𝑡2 − 𝑡1
 

where: TCR – relative growth rate; M1 and M2 

- bunch dry matter mass at times t1 and t2, 

respectively. 

𝑇𝐴𝐿𝑂𝑁 =
(𝑁2 − 𝑁1) (ln 𝑀2 − ln 𝑀1)

(𝑡2 − 𝑡1) (𝑀2 − 𝑀1)
 

where: TALON – rate of organogenic net ac-

cumulation in the nutrient; N1 and N2 – 

amount of nutrient accumulated in the 

bunch at times t1 and t2, respectively; M1 and 

M2 – bunch dry matter mass at times t1 and 

t2, respectively. 
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Data were submitted to analysis of variance 

(F test) with the aid of the R software, version 

4.0.3 (R CORE TEAM, 2021), using the 

ExpDes.pt package and the fat2.dic function, 

for CRD experiment with two factors. When 

there was interaction between factors har-

vest season and period (significant F at 1 or 

5%), mean test (Tukey at 5%) and regression 

study were performed. The model that re-

sulted in significance by the F test and that 

best represented the dry matter and nutrient 

accumulation over the evaluation periods 

was used. 

Results and discussion 

The results of soil analysis, sampled at the 

experiment implementation (Table 1), did 

not indicate nutritional restriction for 

‘Grande Naine’ and ‘Prata Comum’ cultivars, 

and the nutrient concentrations presented 

interpretation levels ranging from medium 

to very high for the crop (RAIJ et al., 1997). 

The productivity of cultivars, in the summer 

and winter, exceeded the national (14.8 t ha-

1), state (20.5 t ha-1) and regional (21.5 t ha-1) 

averages (FAO, 2021; IEA, 2021). In the sum-

mer, bunch productivity, in fresh mass, indi-

cated at harvest (period 5) was 67.3 t ha-1 for 

'Grande Naine' and 37.8 t ha-1 for 'Prata Co-

mum' cultivars, higher in the winter, 62.0 t 

ha-1 and 30.0 t ha-1, respectively. 

The total dry matter productivity of 'Grande 

Naine' bunches was 10.7 and 10.6 t ha-1 in 

the summer and winter, respectively. In 

'Prata Comum' cultivar, these values were 

6.9 t ha-1 in the summer and 5.0 t ha-1 in the 

winter. In dry matter production (PMS) and 

nutrient accumulation (AC), due to the sep-

aration between fruits and stalks, no differ-

ences were observed in the participation of 

the latter between growing seasons, infer-

ring that, on average, the stalk is responsi-

ble for 4.0% of the dry matter and 7.5% of 

the total nutrients present in the bunch, a 

fact that corroborates Hoffmann et al. 

(2010a) and Hoffmann et al. (2010b), who 

reported that in six banana cultivars, the 

stalk was responsible for less than 10% of 

the dry matter present in the bunch. 

Analysis of variance showed significant inter-

actions (Table 2) of variables dry matter pro-

duction (PMS) and nutrient accumulation 

(AC) in 'Grande Naine' and 'Prata Comum' 

banana bunches as a function of harvest sea-

sons (E) and periods (P). However, only B in 

'Grande Naine' and Mn and Zn in 'Prata Co-

mum' did not show significant E x P interac-

tions. Variables with significant effects were 

submitted to the mean test and regression 

equation adjustment to verify significant dif-

ferences and observe the behavior of PMS 

and AC in the summer and winter during 

bunch development. 

In general, no significant differences were 

observed in PMS and AC in the summer and 

winter for 'Grande Naine' and 'Prata Comum' 

until the third harvest period (Table 3). In the 

summer, both cultivars exhibited higher PMS 

values in the commercial harvest (period 5), 

with difference for winter being approxi-

mately 0.2 kg for ‘Grande Naine’ cultivar and 

0.9 kg for ‘Prata Comum’ cultivar. The AC of 

'Prata Comum' cultivar (Table 3) showed be-

havior similar to PMS, with higher averages 

observed for N, P, K, Ca and Mg in the sum-

mer, in the last harvest period. However, the 

opposite was observed for 'Grande Naine' 

cultivar (Table 3) in the same period, with 

higher AC values for N, P, K, Ca, S, Cu, Fe, Mn, 

and Zn, in the winter. 
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Table 2. Analysis of variance (F test and coefficients of variation - CV) of variables dry matter (DM) 
and N, P, K, Ca, Mg, S, B, Cu, Fe, Mn, and Zn accumulation in 'Grande Naine' and 'Prata Comum' 
banana bunches, considering factors harvest season - E (summer and winter) and period - P (0, 1, 2, 
3, 4 and 5). 

Variable 

analyzed 

‘Grande Naine’  ‘Prata Comum’ 

E P E x P CV (%)  E P E x P CV (%) 

MS 14.0* 3940.5* 6.6* 5.6  64.4* 432.8* 29.2* 14.7 

N 2.2ns 505.3* 7.9* 11.0  27.2* 65.8* 13.8* 15.7 

P 123.1* 727.6* 127.3* 12.2  37.9* 94.3* 14.4* 15.7 

K 58.4* 233.1* 42.1* 22.4  108.3* 144.7* 12.51* 17.2 

Ca 9.8* 130.3* 19.3* 22.1  5.2** 38.5* 3.2** 15.2 

Mg 4.0* 268.1* 3.9* 17.5  67.9* 210.2* 17.7* 13.9 

S 323.7* 705.1* 267.8* 15.0  18.2* 114.4* 36.6* 16.9 

B 2.5ns 86.5* 1.45ns 33.3  0.03ns 196.3* 23.8* 12.0 

Cu 0.5ns 60.6* 2.6** 33.6  1.0ns 76.3* 20.6* 30.4 

Fe 148.5* 281.8* 156.8* 21.4  0.5ns 13.8* 4.7* 33.4 

Mn 4.6** 28.8* 5.6* 44.1  54.4* 35.9* 2.3ns 19.2 

Zn 10.2* 26.0* 6.3* 55.0  1.3ns 91.6* 2.3ns 16.7 

ns, **, *: non-significant and significant at p<0.05 and p<0.01, respectively. 

Table 3. Average dry matter production (MS) and N, P, K, Ca, Mg, S (g kg-1), B, Cu, Fe, Mn, Zn (mg 
kg-1) accumulation values in harvest seasons (summer and winter) and periods (0, 1, 2, 3, 4 and 5) in 
'Grande Naine' and 'Prata Comum' banana bunches. 

‘Grande 

Naine’ 

Variables Seasons 
Periods 

0 1 2 3 4 5 

MS 
Summer 185.5a 301.75a 338.5a 567.0a 2932.5a 4551.5a 

Winter 216.5a 301.5a 402.25a 454.0a 2618.0b 4367.0b 

N 
Summer 4.8a 7.4a 8.0a 11.0a 24.5a 38.0b 

Winter 5.8a 7.4a 9.3a 9.0a 21.7b 45.1a 

P 
Summer 0.7a 1.0a 1.0a 1.4a 3.9a 6.0b 

Winter 0.9a 1.0a 1.4a 1.2a 3.4a 12.8a 

K 
Summer 11.1a 16.1a 19.6a 31.7a 82.5a 130.5b 

Winter 14.7a 20.2a 27.4a 31.4a 91.7a 297.6a 

Ca 
Summer 1.1a 1.9a 2.1a 3.2a 4.2a 6.2b 

Winter 0.9a 0.8b 1.1b 1.2b 2.0b 9.3a 

Mg 
Summer 0.7a 1.1a 1.2a 1.7a 5.1a 8.0a 

Winter 0.8a 1.1a 1.4a 1.2a 3.5b 7.9a 

S 
Summer 0.3a 0.4a 0.5a 0.6a 1.4a 2.7b 

Winter 0.4a 0.5a 0.7a 0.6a 1.6a 9.6a 

B 
Summer 6.2ns 10.4ns 13.0ns 19.1ns 57.2ns 89.8ns 

Winter 6.2ns 8.5ns 12.6ns 12.4ns 36.3ns 92.3ns 

Cu 
Summer 1.6a 2.6a 2.6a 3.2a 8.7a 12.7b 

Winter 1.8a 2.2a 3.8a 2.6a 6.4a 16.6a 

Fe 
Summer 6.9a 10.9a 20.7a 24.7a 70.2a 58.2b 

Winter 8.7a 19.6a 14.5a 18.5a 67.1a 294.4a 

Mn 
Summer 15.3a 35.0a 33.0a 39.9a 70.6a 100.0b 

Winter 18.1a 23.5a 50.5a 44.1a 53.1a 197.1a 

Zn 
Summer 5.2a 7.7a 7.7a 9.5a 22.4a 22.2b 

Winter 9.5a 10.5a 14.6a 10.6a 18.2a 80.2a 

(to be continued) 
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Table 3. Average dry matter production (MS) and N, P, K, Ca, Mg, S (g kg-1), B, Cu, Fe, Mn, Zn (mg 
kg-1) accumulation values in harvest seasons (summer and winter) and periods (0, 1, 2, 3, 4 and 5) in 
'Grande Naine' and 'Prata Comum' banana bunches. (continuation) 

‘Prata 

Comum’ 

Variables Seasons 
Periods 

Variables 

Seasons 

Periods 

Variables 

Seasons 

0 1 2 3 4 5 

MS 
Summer 262.8a 353.5a 382.3a 489.0a 2164.0a 3540.0a 

Winter 292.6a 422.2a 432.6a 409.3a 956.1b 2587.9b 

N 
Summer 6.3a 8.2a 8.5a 8.4a 16.0a 24.1a 

Winter 6.7a 9.6a 9.0a 7.1a 9.0b 15.1b 

P 
Summer 0.9a 1.5a 1.6a 1.5a 3.5a 4.5a 

Winter 1.2a 1.5a 1.4a 1.2a 1.7b 3.2b 

K 
Summer 12.3a 25.8a 28.0a 27.3a 64.8a 77.2a 

Winter 10.1a 12.6b 13.3b 13.1b 23.0b 66.6b 

Ca 
Summer 2.2a 3.4a 3.6a 4.1a 6.3a 6.0a 

Winter 2.6a 3.5a 3.4a 3.4a 6.0a 4.3b 

Mg 
Summer 0.9a 1.6a 1.6a 1.8a 5.0a 6.5a 

Winter 0.9a 1.4a 1.4a 1.5a 2.8b 4.4b 

S 
Summer 0.4a 0.7a 0.7a 0.6a 1.0a 1.3b 

Winter 0.6a 0.7a 0.7a 0.6a 0.6a 2.7a 

B 
Summer 9.5b 15.7b 17.7b 16.8a 48.0a 50.7b 

Winter 15.0a 24.3a 23.5a 13.7a 27.3b 55.3a 

Cu 
Summer 1.83a 3.3a 3.1a 2.8a 5.2a 7.9b 

Winter 2.00a 2.4a 2.0a 1.5a 2.2b 16.4a 

Fe 
Summer 7.4a 13.3b 20.9a 14.2a 32.0a 36.9a 

Winter 15.0a 32.1a 15.7a 13.9a 18.6b 38.3a 

Mn 
Summer 19.4ns 52.1ns 41.8ns 56.4ns 72.3ns 72.3ns 

Winter 15.9ns 23.7ns 27.9ns 31.5ns 58.0ns 50.5ns 

Zn 
Summer 7.0ns 11.8ns 11.9ns 10.9ns 27.9ns 32.6ns 

Winter 10.6ns 13.2ns 14.0ns 12.2ns 22.7ns 35.2ns 

Means followed by same letters, between harvest seasons, do not differ from each other by the Tukey test at p<0.05; ns: not 
significant in E x P interactions. 

K and N were the most accumulated nutri-

ents and Cu the least accumulated nutrient 

in 'Grande Naine' and 'Prata Comum' 

bunches during all seasons and harvest peri-

ods; however, the accumulation of the other 

nutrients varied according to bunch devel-

opment. In the last harvest period in the 

summer, both cultivars showed similar nutri-

ent accumulation order (K > N > Mg > Ca > 

P > S > Mn > B > Fe > Zn > Cu); however, in 

the winter, this order was changed among P, 

Ca, Mg, S, B, Fe and Mn nutrients. The high 

and constant K accumulation during bunch 

development corroborates observations of 

Soares et al. (2008), who emphasize that ba-

nana trees have high and continuous ab-

sorption of this nutrient until harvest. 

Except for calcium and manganese accumu-

lation in 'Prata Comum' cultivar, the other 

nutrients exhibited quadratic behavior for 

both cultivars at both harvest seasons (Fig-

ures 1. 2 and 3), also following the behavior 

of dry matter production in bunches. Some 

functions with quadratic behavior showed 

decrease in PMS and AC after the beginning 

of harvest (period 0 - beginning of bunch 

emission) until periods 1 (opening of the 

first female bunch) and 2 (opening of the 

third female bunch), later resuming growth 

until harvest period 5 (commercial harvest). 

The production and 50% dry matter and nu-

trient accumulation in the entire bunch cy-

cle, in general, was reached until periods 3 

and 4. However, in the winter, these values 
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were higher than in the summer, indicating 

that at this season, the bunch takes longer 

to produce and accumulate half of the total 

dry matter and nutrients. 

 

a)  b)  

c)  d)  

e)  f)  

g)  h)  

Figure 1. Effects of harvest seasons and periods (0, 1, 2, 3, 4 and 5) on the dry matter (a) (b), nitrogen 

(c) (d), phosphorus (e) (f) and potassium (g) (h) accumulation in 'Grande Naine' and 'Prata Comum' 

banana bunches. 
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a)

 

b)

 

c)

 

d)

 

e)

 

f)

 

Figure 2. Effect of harvest seasons and periods (0, 1, 2, 3, 4 and 5) on calcium (a) (b), magnesium (c) 

(d) and sulfur (e) (f) accumulation in 'Grande Naine' and 'Prata Comum' banana bunches. 

 

 

In harvest period 4 (bunch with 50% devel-

opment), the operation of removing the 

male rachis from bunches was performed. 

This procedure, standard for the crop, aims 

to increase the bunch yield (SOUTO et al., 

2001), allowing fruits to make better use of 

nutrients that would be used in the male ra-

chis development (LICHTEMBERG; 

LICHTEMBERG, 2011). Thus, higher PMS and 

AC values after period 4, as well as the higher 

growth, are explained by the better use of 

photoassimilates for bunch development. 
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a)  b)  

c)  d)  

e)  f)  

g)  h)  

i)  j)  

Figure 3. Effect of harvest seasons and periods (0, 1, 2, 3, 4 and 5) on boron (a) (b), copper (c) (d), 

iron (e) (f), manganese (g) (h) and zinc (i) (j) accumulation in 'Grande Naine' and 'Prata Comum' 

banana bunches. 
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The highest yields and final PMS occurred in 

the summer for both cultivars; however, the 

highest final AC values were observed in the 

winter for all nutrients in 'Grande Naine' and 

only for S, B, Cu Fe and Zn in 'Prata Comum' 

cultivar, facts that may have been caused by 

the low rainfall, temperatures and radiation 

found in the winter period, which causes a 

decrease in the photosynthetic activity and, 

consequent conversion into dry matter mass, 

with greater nutrient accumulation in the 

bunch. In addition, bunches emitted in the 

winter tend to remain longer on the plant to 

reach the harvest point; thus, leading to 

greater nutrient accumulation. Rodriguez-

Zapata et al. (2015) highlight that low tem-

perature is one of the factors that limit crop 

establishment in certain latitudes, because in 

addition to increasing the time for bunch de-

velopment, also exposes it to temperatures 

that can cause damage to fruits. 

The relative growth rate - TCR (Table 4), 

which expresses the increase in dry matter 

mass per mass unit already existing in a time 

interval, showed similar behavior for both 

cultivars in the periods under study. The 

highest TCR values in the summer and winter 

were observed between harvest periods of 

2-3 and 0-1, respectively. 

In general. TALON (Table 4) did not always fol-

low TCR, corroborating what was observed by 

some authors such as Alves et al. (2011) in the 

study on the absorption rate of cauliflower cul-

tivated in substrate; Rozane et al. (2011) when 

evaluating seedling production of two starfruit 

cultivars; and Rozane et al. (2013) in the study 

on nutrient accumulation in starfruit root-

stocks grown in nutrient solution. 

Some nutrients showed negative TALON val-

ues (Table 4) for both cultivars, which indi-

cates that the nutrient did not stop accumu-

lating, but that there was less accumulation 

compared to the previous period, with 

greater water allocation in fruits. In the winter. 

'Grande Naine' cultivar showed higher nutri-

ent allocation (TALON) in bunches between 

harvest periods 0 and 1 for N, P, K, Mg, B, Cu 

and Fe and 'Prata Comum' showed higher 

rate in the same period for all nutrients. 

In the winter. the export of nutrients by 

'Grande Naine' fruits, considering the return 

of stalks to the production area after harvest, 

was higher for all nutrients (Table 4). In the 

summer, the nutrient export order for this 

cultivar was: K > N > Mg > P > Ca > S > Mn 

> B > Fe > Zn > Cu; and in the winter, the 

order was: K > N > P > S > Ca > Mg > Fe > 

Mn > B > Zn > Cu. Nutrients such as P, K, Ca, 

S, Fe, Mn and Zn were exported twice as 

much in the winter than in the summer. 

‘Prata Comum’ cultivar showed the opposite 

behavior for some nutrients. that is, it ex-

ported more N, P, K, Ca, Mg and Mn in the 

summer than in the winter (Table 4). The or-

der of nutrient export for this cultivar in the 

summer was: K > N > Mg > Ca > P > S > Mn 

> B > Fe > Zn > Cu; and in the winter, the 

order was: K > N > Mg > Ca > P > S > B > 

Mn > Fe > Zn > Cu. Nutrients S and Cu were 

exported twice as much in the winter than in 

the summer. 

The highest export values of K and N were also 

observed in other studies: 22.6 kg N ha-1 and 

63.6 kg K ha-1 for 'Prata Anã' and 40.4 kg N ha-

1 and 154.3 kg K ha-1 for 'Grande Naine' 

(SOARES et al., 2008); 25.7 kg N ha-1 and 199.9 

kg K ha-1 for 'Prata Anã' and 31.4 kg N ha-1 and 

127.9 kg K ha-1 for 'Grande Naine' 

(HOFFMANN et al., 2010a; HOFFMANN et al., 

2010b), both in irrigated cultivation areas in 

the state of Ceará. However, the absolute val-

ues for these nutrients differed in relation to 

those of the present study (Table 4), being 

higher for the rainfed condition. 
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Table 4. Relative growth rate (TCR). organogenic net accumulation rate (TALON) and nutrient export 

(N, P, K, Ca, Mg, S, B, Cu, Fe, Mn, and Zn) for 'Grande Naine' and 'Prata Comum' cultivars in the 

summer and winter seasons 

'Grande Naine' (Summer) 

Interval 
(days) 

TCR 
TALON 

N P K Ca Mg S B Cu Fe Mn Zn 

0-7 69.0 1.52 0.18 2.91 0.49 0.26 0.08 2.49 0.62 2.35 12.03 1.52 

7-10 39.3 0.65 0.08 3.71 0.22 0.06 0.04 2.62 -0.05 9.58 -2.42 -0.07 

10-14 129.5 1.76 0.22 6.91 0.62 0.29 0.07 3.50 0.33 2.41 4.01 1.03 

14-64 32.9 0.19 0.03 0.71 0.01 0.05 0.01 0.53 0.08 0.64 0.43 0.18 

64-108 10.0 0.08 0.01 0.29 0.01 0.02 0.01 0.20 0.02 -0.08 0.18 0.07 

Export  88.3 12.6 274.2 11.6 18.3 5.1 203.5 30.7 122.4 207.8 76.6 
 

'Grande Naine' (Winter) 

Interval  
(days) 

TCR 
TALON 

N P K Ca Mg S B Cu Fe Mn Zn 

0-3 114.6 2.12 0.21 7.28 -0.04 0.34 0.06 3.05 0.58 14.00 7.39 1.44 

3-11 36.2 0.67 0.12 2.58 0.07 0.11 0.08 1.49 0.55 -1.65 9.61 1.45 

11-20 13.1 -0.10 -0.04 1.02 0.05 -0.05 -0.02 -0.06 -0.31 1.04 -1.48 -1.03 

20-82 28.3 0.17 0.03 0.80 0.01 0.03 0.01 0.31 0.05 0.64 0.12 0.10 

82-123 12.5 0.17 0.07 1.47 0.05 0.03 0.06 0.40 0.07 1.63 1.03 0.44 

Export  110.8 31.7 737.0 23.1 19.4 23.9 228.1 41.2 732.6 491.0 199.2 
 

'Prata Comum' (Summer) 

Interval  
(days) 

TCR 
TALON 

N P K Ca Mg S B Cu Fe Mn Zn 

0-7 42.7 0.88 0.28 6.33 0.59 0.33 0.13 2.91 0.68 2.75 15.26 2.22 

7-10 24.7 0.25 0.04 1.73 0.12 0.01 -0.03 1.68 -0.16 6.95 -9.44 0.04 

10-14 62.6 -0.04 -0.07 -0.35 0.33 0.07 -0.06 -0.53 -0.22 -3.88 8.05 -0.57 

14-109 15.7 0.07 0.02 0.35 0.02 0.03 0.00 0.29 0.02 0.17 0.15 0.16 

109-150 11.9 0.07 0.01 0.11 0.00 0.01 0.00 0.02 0.02 0.04 0.00 0.04 

Export  45.7 8.4 139.4 10.6 12.6 2.4 95.8 15.4 65.6 131.8 60.7 
 

'Prata Comum' (Winter) 

Interval  
(days) 

TCR 
TALON 

N P K Ca Mg S B Cu Fe Mn Zn 

0-6 64.8 1.37 0.17 1.31 0.43 0.22 0.06 4.61 0.20 8.41 4.04 1.32 

6-14 2.5 -0.16 -0.03 0.21 -0.02 0.01 -0.01 -0.26 -0.12 -4.81 1.20 0.23 

14-21 -8.3 -0.62 -0.07 -0.11 -0.02 0.03 -0.05 -3.39 -0.18 -0.71 1.09 -0.61 

21-63 20.4 0.07 0.02 0.37 0.10 0.05 0.00 0.51 0.03 0.18 0.98 0.39 

63-118 18.0 0.07 0.02 0.48 -0.02 0.02 0.02 0.32 0.16 0.22 -0.09 0.14 

Export  27.7 5.8 115.4 7.8 8.3 5.1 105.8 31.4 68.3 94.2 64.4 

 



Oliveira et al. (2022) Nutritional demand of 'Grande Naine' and 
 'Prata Comum' banana bunches in two growing seasons  

Rev Bras Frutic 2022; 44: n5: e-430 13 

Conclusion 

In the summer. ‘Grande Naine’ and ‘Prata Co-

mum’ cultivars present higher dry matter pro-

duction in the commercial harvest. However, 

the highest TCR values are observed between 

periods 2 and 3 in the summer, and between 

0 and 1 in the winter, for both cultivars. 

K and N are the most accumulated nutrients 

and Cu the least accumulated in 'Grande 

Naine' and 'Prata Comum' bunches, both in 

the summer and winter. The order of nutrient 

export for ‘Grande Naine’ cultivar is K > N > 

Mg > P > Ca > S > Mn > B > F > Zn > Cu, in 

the summer and K > N > P > S > Ca > Mg > 

Fe > Mn > B > Zn > Cu, in the winter. The 

order of ‘Prata Comum’ exports is K > N > 

Mg > Ca > P > S > Mn > B > Fe > Zn > Cu, 

in the summer and K > N > Mg > Ca > P > 

S > B > Mn > Fe > Zn > Cu, in the winter. 
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