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Abstract 
Pineapple (Ananas comosus vr. comosus) plants require balanced nutrition to meet fruit’s quality standards for 
market and consumption. The objective of this research was to evaluate the effects of organic and mineral 
fertilization on the development of the ‘Pérola’ pineapple infructescences produced in the Paraíba State, Brazil. 
The plants were grown under organic fertilization composed by a mixture of cattle manure and poultry litter at 0, 
50, 75 and 100% of the recommended N rate (RNR) for pineapple cultivation and conventional mineral 
fertilization. The evaluation of length, diameter, and fresh mass (fruit and crown) of fruit, and crown length was 
initiated at the 43rd day after floral induction (DAFI). The use organic fertilizer at 100% of the RNR provided a 
higher growth rate of fruits as compared to mineral fertilization. In general, the length and diameter of the 
infructescences evolved rapidly until the 73rd DAFI, corresponding to the first development phase. At the second 
phase, it was observed an intense growth rate to about the 103rd DAFI, which was followed by a slower growth 
rate until around the 118th DAFI. In the third and last phase, after the 118th DAFI, the physiological maturity was 
reached and followed by the commercial maturity at the 133rd DAFI when the pineapple presented from the base 
25% of the fruitlets with yellowish color. Under the experimental conditions herein, the organic fertilization at 
the level of 75% RNR promoted a similar growth rate while the 100% RNR resulted in a greater length and fresh 
mass of infrutescences compared to the mineral fertilization. Therefore, mixed manure can be a suitable fertilizer 
alternative for ‘Pérola’ pineapple’s smallholder farming production. 

Keywords: organic residues, growth pattern, adding value, smallholder farming 

1. Introduction 
Pineapple is a very important fruit crop in Brazil and Pérola cultivar is the most widely grown, especially in the 
Northeast region (Dantas et al., 2016), due to the greater acceptance by consumers (Meletti et al., 2011). This 
fruit crop demands a balanced nutrition to reach the market quality standards. In the Brazilian Northeast 
cultivation of this crop is mostly carried out by smallhold farmers (Brito Neto et al., 2005) for which organic 
residues can be used as a fertilizer resource. Since production the region’s smallhold farming system generally 
aggregates cattle and poultry production, organic residues are generally available to be used in organic pineapple 
crops. Research on the potential of organic waste as an exclusive source of crop nutrients has been intensified in 
recent years (Damatto Júnior et al., 2005; Martelleto et al., 2008; Severo & Pedrozzo, 2008; Cavalcante et al., 
2012; Sarmento et al., 2012; Dantas et al., 2016). However, studies on this potential use in pineapple crop are 
still incipient (C. H. Liu & Y. Liu, 2012). In addition, there is no information in the literature on production and 
postharvest quality of pineapple infructescences grown under mixed organic sources. 

The positive affective attitude towards pineapple organic products (Poelman et al., 2008), and a consumers’ 
assumption that organic products increase nutritional properties (Boun & Prescott, 2002; Detoni et al., 2008), 
along with its food safety (C. H. Liu & Y. Liu, 2012) potentiates the organic production of pineapple as an 
alternative of high added value for the smallhold pineapple systems. In addition, organic farming helps to 
maintain environmental health by reducing the level of pollution (Martelleto et al., 2008), improving 
soil’s microbiology (Moreira & Siqueira, 2006) and chemical properties such as supply and retention of nutrients 
(Menezes & Salcedo, 2007), reducing nutrient losses into water and the environment (Souto et al., 2005; Wang 
et al., 2018).  
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2.2 Experimental Design 

The development of the infructescences was evaluated in a completely randomized design, with a 5 × 7 factorial 
scheme, with five treatments and seven evaluation periods, four replications (four plots), and with eight 
fruits/replication. The treatments evaluated were: T1—Absolute control (without organic and/or mineral 
fertilization); T2—NPK (9 g N/plant; 2.5 g P2O5/plant; 12 g K2O/plant); T3—50%, RNR (450 g cattle manure + 
150 g poultry litter/plant); T4—75%, RNR (450 g cattle manure + 190 g poultry litter/plant); T5—100%, RNR 
(450 g cattle manure + 230 g poultry litter/plant).  

For the treatment under conventional fertilization doses of 450 kg/ha of N, 120 kg/ha of P2O5 and 600 kg/ha of 
K2O were applied using urea, triple superphosphate, and potassium chloride, respectively. The doses of P were 
applied just before planting, while the doses of N and K were applied in the axil of basal leaves in three equal 
splits at 60, 180 and 270 days after planting.  

2.3 Soil and Organic Sources Analyses 

 

Table 1. Chemical and physical attributes of soil of the experimental area, from samples collected at the 0-20 cm 
depth prior to the installation of the experiments 

Soil chemical attribute Value 
pH in water 1:2.5 5.5 
Soil Organic Matter, g/dm3 8.7 
P, mg/dm3 3.3 
K+ , cmolc/dm3 0.19 
Ca2+ , cmolc/dm3 3.0 
Mg+2 , cmolc/dm3 1.2 
BS, cmolc/dm3 4.7 
Na+, cmolc/dm3 0.26 
H + Al, cmolc/dm3 11.2 
Al3+, cmolc/dm3 0.20 
CTC efective, cmolc/dm3 4. 95 
CTC total, cmolc/dm3 15.9 
V, % 24.0 

Soil physical attribute Value 

Coarse sand, g/kg 629 
Fine sand, g/kg 248 
Silt, g/kg 56 
Clay, g/kg 67 
Textural class Sand 
Bulk density, g/dm3 1.30 
Particle density, g/dm3 2.65 
Total porosity, % 50.9 

 

Table 2. Chemical characterization of the single and mixed (1:1 cattle manure:poultry litter) organic sources, 
used in this experiment 

Organic Sources C N P K C/N C/P N/P 
 --------------------------------------------- g/kg ----------------------------------------------

Mixed manure 279.9 26.7 15.6 32.6 10.6 17.9 1.7 

Cattle manure 210. 9 18.9 1.75 18.8 11.1 120.5 10.8 

Poultry litter 349 34.5 1.32 46.5 10.1 264.4 26.1 

 

2.4 Crop Management 

Floral induction was performed at the 17th month with a calcium carbide solution, which was prepared using 12 
liters of clean water and 50 g of calcium carbide all together in a 20 L capacity vessel, and applied at a rate of 50 
mL in the leaf rosette of each plant. 
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During the experimental period, common cultural managements recommended for the crop were used 
(Rodrigues et al., 2010). Weed control was performed by manual weeding and by herbicide application in the 
post-emergence period from the fourth month after planting on. The plants were conducted under rainfed 
conditions, with additional irrigation once a week, during the critical period of rain scarcity between September 
and December 2010 and 2011 (Figure 1).  

2.5 Evaluations 

The evaluation period started at the 43rd DAFI, with fifteen-day intervals, up to the 133rd DAFI. The fruit length 
and diameter (mm), fresh mass (g), and crown length (mm) were measured. At each evaluation period 15 fruits 
were randomly harvested of each plot, totaling 60 fruits per treatment and sent to the laboratory for fruit length 
and diameter, crown length, using a packymeter, and fresh mass (fruit and crown) using a semi-analytical scale.  

2.6 Statistical Analysis 

Effects of treatments were tested by analysis of variance and the results were submitted to logistic regression of 
the type: y = A/(1 + B·exp(-k·t)), where A = maximum developmental value of the observed variable, B has no 
biological significance, although it is important to adjust the curve, k is the development capacity index, and t is 
the time (DAFI) by using the SAS® Program. The logistic regression models were selected according to the 
parameters (A, B, and k) for each variable. For the evaluation of the fresh mass, a Tukey test was performed with 
the four doses of N (0, 50, 75 and 100%).  

3. Results and Discussion 
Pineapple length showed a continuous and fast increase from the 43rd to the 103rd DAFI, slowing down after that, 
in a quadratic pattern, regardless the treatment applied (Figure 2A). However, at the 100% of the recommended 
N rate (RNR), it was noticed a greater increase in fruit’s length and diameter than that in pineapple under 
conventional mineral fertilization, indicating a greater cell expansion during development compared to the other 
treatments. In turn, fruit measurements did not differ between plants fertilized with 75% of the RNR and mineral 
fertilization. The evolution of the length and diameter of the ‘Pérola’ pineapple infructescence comprised three 
distinct phases. The first developmental phase began with the clear onset of inflorescence, at the 43rd DAFI, 
characterized by an initial lag phase and comprosed mostly by cell division (Li et al., 2010; Zhang et al., 2016). 
This phase was followed by a rapid growth from the 58th DAFI (Figures 2A and 2B). The second phase extended 
from the 58th to the 103rd DAFI, and was reflected by an intense growth phase, that encompassed the period of 
cellular expansion (Lobo & Siddiq, 2017; Zhang et al., 2016), which was followed by a tendency to decelerate 
growth rate until around the 118th DAFI (George et al., 2016). The third stage of development started at 
approximately the 118th DAFI when physiological maturity was reached, characterized by a very slow down 
growth rate up to 133rd DAFI, when fruit reached the maximum size and the maturation process was established. 
At this time, the fruits reached the commercial maturity, characterized in this region of Brazil by a quarter of the 
yellowish fruit (up to 25% yellow skin) from the base, which did not differ among the mixed manure and 
conventional mineral fertilization levels. 

Fruit formation results from complex biological processes which begin soon after fertilization (Forlani et al., 
2019) and involves a dynamic interplay between phytohormones (McAtee et al., 2013) and availability of 
essential nutrients (Dantas et al., 2015). These processes include cell division and expansion, accumulation of 
secondary metabolites, and an increase in carbohydrate biosynthesis (Forlani et al., 2019). In addition, the 
increase in fresh mass and diameter of pineapple is possibly related to the greater translocation of water, 
stimulated by the accumulation of solutes in the cells at the beginning of maturation due to the availability of 
nitrogen (Li et al., 2010). The increase in pineapple mass and size during maturation is related to the increase in 
cell volume, especially of its vacuoles (Lobo & Siddiq, 2017), which is influenced by the genotype, the source 
and sink relation, as well as the response of climatic conditions associated with the accumulation of solids and 
water (Palyath & Murr, 2008).  
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RNR did not differ from those under mineral fertilization. The physiological maturity of pineapple 
infructescences was reached at the 118th and the commercial maturity at the 133rd DAFI. All together, mixed 
organic fertilization may be a suitable alternative to provide the nutritional requirements of Pérola pineapple 
cultivar. However, these results should be clarified by further studies. 
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