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The Talisia esculenta (popularly called Talisia esculenta) is a native plant from Brazil with great 

socioeconomic importance regarding its extraction cultivation, however only a few scientific studies were 

carried out with this species, especially concerning its physiological characteristics. The aim of the present 

study was to evaluate the utilization of different organic substrates and biofertilizers through the soil on the 

physiological performance of T. esculenta seedlings. The experiment was performed between August and 

November 2015. The trial design consisted of randomized blocks, with a factorial arrangement 4 x 2 

corresponding to four substrates (Test: control group; SE: commercial substrate; RFV: compost of fruit and 

vegetable remains; RPI: substrate with remains of industrialized food), in both presence and absence of 

biofertilizer, with five replicates. The analyzed variables were chlorophyll indexes a, b and gas exchanges. 

The chlorophyll rates a, b and total were higher on SE, RFV and RPI, but no influences of the biofertilizer 

were detected on the chlorophyll indexes of T. esculenta seedlings. All substrates (SE, RFV and RPI) 

increased the chlorophyll indexes a, b and total of the seedlings. The substrates increases the chlorophyll a, 

b and total indices, except for the control substrate independent of the application of biofertilizer. The 

efficiency of gas exchange increases with the addition of biofertilizer. 
Keywords: plant physiology, Talisia esculenta, organic wastes. 

 
A Talisia esculenta é uma planta nativa do Brasil com grande importância socioeconômica para o 

extrativismo, porém ainda não existem relatos sob as características fisiológicas desta espécie. Devido à 

falta de estudos sobre a Talisia esculenta, o objetivo da pesquisa foi avaliar a utilização de diferentes 

substratos orgânicos e aplicação de biofertilizante via solo sobre o índice de clorofila e as trocas gasosas na 

fase de muda da espécie. O experimento foi realizado entre os meses de agosto a novembro de 2015. O 

delineamento experimental utilizado foi em blocos casualisados, com arranjo fatorial de 4 x 2 

correspondente a quatro substratos (TES=testemunha; SE=Composto de restos de frutas e legumes da 

Empresa Paraibana de Abastecimento e Serviços Agrícolas; RFV= composto de restos de frutas e verduras; 

RPI=substrato com restos de comida industrializada) com presença e ausência de biofertilizante em cinco 

repetições. As variáveis analisadas foram índices de clorofila a, b, total e trocas gasosas. Os índices de 

clorofila a, b e total nas mudas de T. esculenta foram aumentados nos substratos RFV (composto de restos 

de frutas e verduras) e RPI (substrato com restos de comida industrializada), porem a adição de 

biofertilizante não influenciou nos índices clorofiláticos. Os substratos aumentam os índices de clorofila a, 

b e total, exceto o substrato controle, independente da aplicação do biofertilizante. A eficiência das trocas 

gasosas aumenta com a adição de biofertilizante. 
Palavras-chave: Fisiologia vegetal, Talisia esculenta, resíduos orgânicos. 

 

1. INTRODUCTION 

 

Talisia esculenta Raldk are widespread in Brazil, found especially in the states of Amazonas, 

Pará, Bahia, Ceará, Maranhão, Pernambuco, Piauí, Goiás, Mato Grosso, Mato Grosso do Sul, 

Minas Gerais, Rio de Janeiro, São Paulo, and Paraná [1]. Brazil is widely covered by native forests 
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with an enormous diversity of little studied fruit trees, many of them with a great potential of 

commercial use [2]. In this context, T. esculenta trees are of great ecological, economic and 

medicinal interests, being indicated for the recovery of riparian forests, as well as in natura 

consumption and the production of jams, jelly and candies with high vitamin contents [3]. 

According to Wetzel et al. (2011) [4], native plants vary in terms of soil fertility demands, but 

most of the species respond favorably to fertilization with organic matter. Fertilization with 

organic fertilizers has been widely used due to its capacity of providing variable quantities of 

different nutrients, especially nitrogen, phosphorus and potassium. Additionally, these are highly 

efficient in providing increased water retention conditions of soils and an adequate nutritional 

quality to different cultures [5]. 

The choice of substrate must be made taking into account the physical and chemical 

characteristics required by the species and economic aspects, because, in addition to providing 

adequate growth to the plant, the material used in the composition of the substrate must be 

abundant in the region and have a low cost [6]. As an alternative to organic fertilizers, waste 

generated in the agribusiness has been highlighted [7]. In which it has gained prominence for 

providing varying amounts of nutrients, especially nitrogen, phosphorus and potassium, in 

addition, they are quite efficient in providing conditions of high moisture retention in the soil and 

adequate nutritional quality in different cultures [6, 8]. 

Regarding production itself, every crop is dependent of its photosynthetic capacity, as well as 

how plants allocate carbohydrates to their growth and development [9]. The balance between 

respiration and photosynthesis displays a direct influence on the plant’s yield. However, there is 

limited data regarding the possibilities that affects the carbon balance in tropical plants [10]. 

Despite its socioeconomic importance derived from extraction cultures, Talisia esculenta tree is 

little studied and yet there is no relates concerning its physiological characteristic. Thus, the aim 

of this study was to evaluate the use of different organic substrates and the application of 

biofertilizer through soil on the physiological performance of T. esculenta seedlings. 

 

2. MATERIAL AND METHODS 

The experiment was performed in August to November 2015 in a greenhouse of the Center of 

Human, Social and Agrarian Sciences (CCHSA) of the Federal University of Paraíba (UFPB), 

Bananeiras-PB. The experimental design consisted of randomized blocks with a factorial 

arrangement of 4×2, corresponding to four substrates (Test: control; SE: commercial compost of 

the Company of Supply and Agricultural Services of Paraíba; RFV: compost made with fruits and 

vegetables remains from the university restaurant and RPI: substrate with food remains from the 

same restaurant), and two (without the presence of a biofertilizer), with five repetitions.  

For substrate composition, the used soil was a Dystrophic Yellow Latosol, classified as the 

criteria of the Brazilian Soil Classification System SiBCS [11], sampled at 20 cm depth on the 

Agriculture Sector of CCHSA-UFPB. The commercial substrate (SE) is derived from aerobic 

composting of fruits and vegetable remains disposed by traders. Regarding the composts made 

with fruits, vegetable and food remains (RFV) obtained in the university restaurant of CCHSA-

UFPB, these were prepared during 90 days with the addition of bovine manure. Compost piles 

were 1.5 m wide and 1.20 m height. 

The “supermagro” biofertilizer was produced according to Penteado (2007) [12] and its 

application was performed every fifteen days after the emergence of plants, in the concentration 

of 5%. Data regarding the chemical analysis performed to analyze the fertility potential of both 

the compounds and biofertilizer is shown in Table 1. 

Seeds were collected from mother-plants in the Municipality of Remígio - PB, and disposed 

to germinate in plastic bags (18 cm x 30 cm), on the proportion of 2:1 (v/v), i.e. two parts of soil 

for one part of compost. 90 days after emergence (DAE), when plants were ready to be taken to 

cropping fields, the chlorophyll indexes a, b and total were performed, as well as the gas exchange 
analysis. For the analysis of chlorophyll indexes, a portable chlorophyll-meter ClorofiLOG 

CFL1030 was used, with readings performed in three leaves exposed to solar radiation (from top 

to base, being the third and fourth photosynthetic active leaves). 
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Table 1. Chemical analysis regarding the fertility potential of organic composts and biofertilizer. 

 

Sample 

    PH 

    H2O 

(1:2,5) 

P K+ Na+ 
H++ 

Al+3 
Al+3 Ca+2 Mg+2 SB CEC V M O.M. 

  mg/dm3 ----------------------------cmolc/dm3---------------------------- ---%--- g/kg 

Test 5,42 8,68 60,00 0,17 2,15 0,05 1,50 1,30 3,13 5,27 59,32 1,57 5,68 

SE 7,20 230,21 980,50 1,80 3,51 0,00 7,75 1,95 14,01 17,52 79,96 0,00 86,90 

RFV 7,07 301,39 4500,00 2,00 3,96 0,00 12,40 2,90 28,81 32,77 87,92 0,00 103,96 

RPI 6,00 305,21 3800,00 6,96 7,75 0,40 8,50 4,20 29,38 37,13 79,11 1,34 119,58 

* Corg: organic carbon; O.M.: organic matter. (Test: control; SE: compost made with fruits and vegetables remains of the company; RFV: 

compost made with fruits and vegetables remains from the University restaurant of CCHSA-UFPB; RPI: substrate with food remains. 

 

The analyzed gas exchange characteristics were respiratory and photosynthetic rate, internal 

concentration of CO2, stomatal conductance, water efficiency use and instantaneous 

carboxylation efficiency. These analyzes were carried out with the aid of an open-system 

photosynthesis equipment with a CO2 analyzer and water vapor by infrared radiation (Infra Red 

Gas Analyzer - IRGA, model LI-6400, Li-Cor®), with the temperature control set at 25°C, 

irradiation of 1800 µmol.photon.m-2.s-1 and air flux of 200 mL.min-1. These measurements were 

performed from 08h00 to 10h00. 

The water use efficiency (WUE) was determined against the relation of CO2 assimilation and 

transpiration index (A/E). The carboxylation efficiency (A/Ci) was determined through the 

relation between CO2 assimilation rate and leaf internal CO2 concentration. The data were 

submitted to analysis of variance by the F test and the means grouped by the Scott-Knott test (P 

< 0.05). The analyzes of variance using the software ASSISTAT, version 7.7 beta [11].  

 

3. RESULTS AND DISCUSSION 

The chlorophyll indexes were higher on the SE, RPI and RFV in 10, 17 and 14% respectively 

for chlorophyll a, 22, 32 and 32% for chlorophyll b and 9, 17 and 15% for total chlorophyll, when 

compared to the control treatment (Figures 1A, 1C and 1E). The biofertilizers application had no 

influence on seedlings’ chlorophyll index. (Figures 1B, 1D and 1F).  

These indices are used to estimate the photosynthetic potential of plants, by the direct 

connection with the absorption and transfer of light energy, thus being one of the hypotheses that 

plants with a high concentration of chlorophyll would be able to achieve higher photosynthetic 

rates and thus increase in plant growth [13]. Chlorophylls are related both to the plants’ 

photosynthetic efficiencies and its growth [14], being constituted by magnesium and nitrogen in 

its cyclic portion. In SE, RFV and RPI substrates, the observed high rates of these nutrients may 

have contributed to such results. 

 

 

 

Biofertilizer 
pH N P K B S Corg O.M. 

 ------------------------------g kg-1---------------------------------- ------------%----------- 

 3,27 15,93 0,40 0,52 153,58 10,47 47,25 81,46 
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Figure 1. Chlorophyll index a (A and B), b (C and D) and total chlorophyll (E and F) in function of the 

substrate (Test: control; SE: commercial compost; RFV: compost made with fruits and vegetables 

remains of the university restaurant; RPI: compost made with food remains of the university restaurant) 

and the application of biofertilizer in soil for Talisia esculenta seedlings. Means followed by the same 

lower case letter (substrates) and capital letter (presence and absence of biofertilizer) did not statistically 

differ by the Scott-Knott test (p = 0.05). 

 

The stomatal conductance of T. esculenta seedlings was not different among treatments, 

regardless of the presence or the absence of a biofertilizer (Figure 2). Thus, potassium 

concentrations of the substrates provided a greater mechanical resistance on plant tissues, as an 

improvement on stomatal conductance [3, 15].  Bearing in mind the functions of K in plants, by 

its increment in both regulation and turgidity of tissues, stomatal opening, closuring, and 

transpiration control, these are fundamental for increasing the water use efficiency by the plant 

Simonsson et al. (2016) [16], Nelson et al. (2005) [17] highlighted the existence of a direct relation 

between transpiration and stomatal conductance, considering a decrease in water vapor flow to 

the atmosphere and, consequently, the transpiration insofar the stomata close. 
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Figure 2. Stomatal conductance in function of the substrate (Test: control; SE: commercial compost; RFV: 

compost made with fruits and vegetables remains of the university restaurant; RPI: compost made with 

food remains of the university restaurant) and the application of biofertilizer in soil for Talisia esculenta 

seedlings. Means followed by the same lower case letter (substrates) and capital letter (presence and 

absence of biofertilizer) did not statistically differ by the Scott-Knott test (p = 0.05). 

 

The transpiration rate of T. esculenta seedlings was increased with the addition of biofertilizer 

in the SE substrate. As for treatments without biofertilizer, no significant differences were 

verified, despite the fact that the interaction between substrate and biofertilizer increased 

seedlings transpiration and photosynthetic rate (Figure 3). Transpiration is related to the balanced 

concentration of potassium on the SE compost, indicating that with an adequate availability of K, 

plants can improve the control regarding water losses by transpiration, besides increasing this rate 

[18]. 

 
Figure 3. Transpiration rate in function of substrate (Test: control group; SE: commercial compost; RFV: 

compost made with fruits and vegetables remains of the university restaurant; RPI: compost made with 

food remains of the university restaurant) and the application of biofertilizer in soil for Talisia esculenta 

seedlings. Means followed by the same lower case letter (substrates) and capital letter (presence and 

absence of biofertilizer) did not statistically differ by the Scott-Knott test (p = 0.05). 

 

When evaluating different substrates for collard greens seedling production, Lacerda et al. 

(2012) [19] observed that in plants cultivated in organic substrates constituted by coconut fibers, 

transpiration occurred in a higher frequency, when compared to bovine manure substrate Silva et 

al. (2011) [20] reported that the beneficial effects of bovine biofertilizer under transpiration result 

from the stimulus to the action of proteins and organic solutes, resulting in improved nutritional 

soil conditions and, in contrast, of the plants. 

With the application of a biofertilizer, the formulated substrates RFV, RPI and the commercial 

substrate SE, were the ones that provided the highest photosynthetic rates. An increase of 47% of 
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the photosynthetic rate was verified when using the biofertilizer on the SE substrate (Figure 4) As 

reported by Grulke et al. (2007) [21], photosynthesis is strongly related to stomatal opening and 

driven by the internal CO2 concentration, however no influences were observed on the treatments 

of this study. 

 
Figure 4. Photosynthetic rate in function of substrate (Test: control group; SE: commercial compost; RFV: 

compost made with fruits and vegetables remains of the university restaurant; RPI: compost made with 

food remains of the university restaurant) and the application of biofertilizer in soil for Talisia esculenta 

seedlings. Means followed by the same lower case letter (substrates) and capital letter (presence and 

absence of biofertilizer) did not statistically differ by the Scott-Knott test (p = 0.05). 

 

Phosphorus is necessary to convert luminous into chemical energy (ATP) during 

photosynthesis [22]. As both the SE compost and the biofertilizer had elevated concentrations of 

these nutrients, it is possible that their interaction contributed to a greater increment on the 

photosynthetic rate. 

The internal concentration of CO2 was not significant between the substrates used and the 

application of biofertilizer, however a higher concentration is observed in the substrates Test and 

RPI (Figure 5). Plants that are potentially nourished with potassium, displays greater water use 

efficiency and greater photosynthetic rates, due to the regular stomas opening, which leads to high 

carbon [23]. 

 

  
Figure 5. Internal concentration of carbon in function of substrate (Test: control; SE: commercial compost; 

RFV: compost made with fruits and vegetables remains of the university restaurant; RPI: compost made 

with food remains of the university restaurant) and the application of biofertilizer in soil for Talisia 

esculenta seedlings. Means followed by the same lower case letter (substrates) and capital letter 

(presence and absence of biofertilizer) did not statistically differ by the Scott-Knott test (p = 0.05). 
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The test + biofertilizer and Se without biofertilizer treatments provided the lowest efficiency 

in the use of water by T. esculenta seedlings. Treatment the addition of biofertilizer did not 

significantly improved WUE (Figure 6). 

It is important emphasize that K is a primary element to several plants’ physiological actions, 

such as cellular turgor control, activation of enzymes involved in respiration, water relations, 

photosynthesis and adjustment of stomatal opening and closuring [24]. This nutrient also acts on 

the regulation of stomatal conductance mechanism, which controls the water use efficiency 

(increasing its efficacy), considering that the use of water molecules becomes more efficient [25]. 

This is why plants usually use mechanisms of adaptation in order to reduce transpiration, increase 

carboxylation efficiency and improve its water use [26]. 

 

 
Figure 6. Water use efficiency in function of substrate (Test: control; SE: commercial compost; RFV: 

compost made with fruits and vegetables remains of the university restaurant; RPI: compost made with 

food remains of the university restaurant) and the application of biofertilizer in soil for Talisia esculenta 

seedlings. Means followed by the same lower case letter (substrates) and capital letter (presence and 

absence of biofertilizer) did not statistically differ by the Scott-Knott test (p = 0.05). 

 

The treatment SE obtained a 63% increase in the instantaneous carboxylation efficiency due 

to the addition of biofertilizer on the substrate, when compared to the same substrate without 

biofertilizer. The substrates without biofertilizer were not significant (Figure 7). Santos et al. 

(2010) [27] reported significant results with lettuce (Lactuca sativa L.) subjected to composting 

with agro-industrial wastes, on substrates with a basic blend of sugarcane (Saccharum 

officinarum). 
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Figure 7. Instantaneous carboxylation efficiency in function of substrate (Test: control; SE: commercial 

compost; RFV: compost made with fruits and vegetables remains of the university restaurant; RPI: 

compost made with food remains of the university restaurant) and the application of biofertilizer in soil 

for Talisia esculenta seedlings. Means followed by the same lower case letter (substrates) and capital 

letter (presence and absence of biofertilizer) did not statistically differ by the Scott-Knott test (p = 0.05). 

 

For Larcher (2006) [27], the instantaneous carboxylation efficiency is defined as the speed in 

which CO2 is fixed and processed. This fixation speed is mainly dependent both of the quantity 

of enzyme activity and the availability of CO2, which may be influenced by the acceptor 

concentration (Rubisco), temperature, hydration level of the protoplasm, mineral substances 

supply (especially phosphate), development degree and plant’s activity. Considering that, both 

the SE substrate and the biofertilizer had high phosphorus levels, it may have provided a greater 

instantaneous carboxylation efficiency. 

 

4. CONCLUSION 

 

The substrates increases the chlorophyll a, b and total indices, except for the control substrate 

independent of the application of biofertilizer. 

The efficiency of gas exchange increases with the addition of biofertilizer. 
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