
260 

 

 
AJCS 12(02):260-264 (2018)                                                                                                                            ISSN:1835-2707 
doi: 10.21475/ajcs.18.12.02.pne746 

 
Growth and yield of dry cultivated Capsicum frutescens plants under different doses of kinetin 
 
Camila Lariane Amaro1, Diego Braga de Oliveira1, Patrícia Souza da Silveira1, Frederico da Costa M. Silva1, 
Camila Lôrena Monteiro1, Leandro Mariano da Silva1, José Paulo Carneiro Custódio1, Fábio Santos Matos2 

 
1
Agronomy and Postgraduate Studies in plant production, the State University of Goiás (UEG), Brazil 

2
Graduate Program in Plant Production of UEG, Câmpus Ipameri, highway GO 330, Km 241, ring road, university 

sector, 75780-000-Ipameri, GO, Brazil 
 
*Corresponding author: fabio.agronomia@hotmail.com 

 
Abstract 
 
The objective of the present study was to identify the effect of kinetin on Capsicum frutescens fruit yield. The research was carried 
out between October 2015 and September 2016 in the experimental field at the State University of Goiás, Brazil. This region has a 
tropical climate with a dry winter and wet summer. The experiment was conducted in rainy conditions (without irrigation) in a 
randomized block design with five treatments (plants submitted to 0, 50, 100, 150, 200 and 250 mg L

-1
 kinetin in volume of 30 

ml/plant/application in a total of two applications at a 40-day interval, started at the R2 reproductive stage), six replications and the 
plots consisted of two useful plants. The variables stomata density, specific leaf area, stem and canopy diameter, length and width 
of completely opened leaves did not fit the linear and quadratic regression models in function of the kinetin doses applied. Kinetin 
increased fruit drain strength and increased productivity of Capsicum frutescens. Plants treated with this cytokinin showed vigorous 
vegetative growth and significant increases in concentrations of photosynthetic pigments. The use of kinetin in Capsicum frutescens 
plants is a promising practice in the management of the species because it promotes morphophysiological adjustments in the plant 
that increase vegetative vigor and fruit yield. 
 
Keywords: plant hormones, seasonings, pepper.  
Abbreviations: pH_hydrogen ionic potential, M.O._ organic matter, P_phosphorus, K_potassium, Ca_calcium, Mg_magnesium, Al_ 
aluminum, H+Al_Hidrogen plus aluminum, CTC_ cataion exchange capacity, V%_ base saturation, Chl a+b_leaf concentration of 
chlorophyll a+b, Car_ carotenoids, Aw_wet tropical climate. 
 
Introduction 
 
The species Capsicum frutescens, popularly known as 
Capsicum frutescens , belongs to the family of the 
solanaceae, native to South America and cultivated in 
various regions of the world for use in seasoning, popular 
medicine, the pharmaceutical industry, ornamentation, in 
natura consumption and pest control (Pinto et al., 2013; 
Paulus et al., 2015). The Thai and South Koreans are the 
largest consumers in the world, ranging from 5 to 
80g/person/day (Atui et al., 2014; Lima, 2014).  

Pepper production in Brazil is concentrated on small farms 
with family labor. Pepper has significant social and economic 
importance because it requires a lot of hand labor, fixes the 
farmer in the field and is a profitable economic activity that 
integrates the small farmer with industry through conserves 
and sauces (Rufino and Penteado, 2006). In 2015, the area 
exploited with pepper in Brazil was approximately 5000 ha 
with total production of 75,000 tons (Pereira et al., 2015). 
The state of Minas Gerais is the largest Brazilian producer 
with about 70% of the total produced, but the biggest 
pepper consumers in Brazil are the north-eastern states 
(Ceará, Pernambuco and Bahia), especially for in natura 
consumption (Ribeiro et al., 2015).   

Capsicum frutescens  commercialized in natura has a 45-55% 
profit margin and expenses with hand labor correspond to 
60% of the production cost (Embrapa, 2002; Embrapa, 
2011). The profitability of producers capitalized with 
processing infrastructure can be increased with conserves, 
jellies, sources, cosmetics and ointments, but for farmers 
who commercialize the pepper in natura adopting 
innovative management practices seems to be the most 
viable alternative to increase yield and profitability. 

Due to its medicinal and nutritional properties and the 
benefits promoted by vegetable peppers, promising 
practices need to be adopted to maximize yield and obtain 
satisfactory profitability. The use of plant regulators would 
be an excellent alternative to increase yield (Torres and 
Borges, 2013).  

Growth regulators are natural or synthetic substances that 
when applied to plants have actions similar to natural 
hormones (Santos et al., 2016). The kinetin are a class of 
regulators that present effects on various physiological 
development processes, including leaf senescence, nutrient 
mobilization, apical dominance, meristem formation and 
activity (Taiz and Zeiger, 2013). Recent research has 
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indicated growth regulator application to increase yield in 
several solanaceae species (Palangana et al., 2007; 
Gonçalves et al., 2013) to maximize germination and pepper 
seedling initial growth (Mohamadi et al., 2014). The use of 
regulators for various purposes has produced satisfactory 
results in different plant species (Greene et al., 2011; Matos 
et al., 2013; Costa and Silva et al., 2012; Torres and Borges, 
2013). Nevertheless, there are few papers involving growth 
regulator application to Capsicum frutescens. Growth 
regulators have not usually been used as a management 
practice to intensify growth and yield of species of the genus 
Capsicum.  In the few reports in the literature, kinetin are 
usually used in studies on embryogenesis in tissue culture 
(Gemes Juhász et al., 2009; Kim et al., 2008; Cheng et al., 
2013).  

With the object of using new technologies for commercial 
plantations allied to the development of new management 
practices to maximize yield, the objective of the present 
study was to identify the effect of kinetin on Capsicum 
frutescens fruit yield.  
 
Results and discussion  
 
The variables stomata density, specific leaf area, stem and 
canopy diameter and the length and width of fully opened 
leaves did not fit the linear and quadratic regression models 
in function of the kinetin doses applied.  

Plant height presented quadratic growth in relation to the 
kinetin doses with the point of maximum height (67 cm) at 
the 115 mg L

-1
 dose. The carotenoid leaf concentration fitted 

the quadratic regression and the maximum point (0.28 g kg
-

1
) was at the 116 mg L

-1
 kinetin dose (Figure 2). The increase 

in height indicated that the Capsicum frutescens plants 
continued to grow in the reproductive period and the 
increased carotenoid concentration may have been as 
accessory pigment for the chlorophylls in capturing solar 
radiation to maximize photosynthesis and sustain the plant 
growth that occurred simultaneously with fruit swelling. The 
action of kinetin in embryogenesis, cell division and growth 
of plants of the genus Capsicum were reported in research 
by Cheng et al. (2013).  

The total chlorophyll leaf concentration presented growing 
linear fit, because as the kinetin dose increased there were 
significant increases in chlorophylls (a+b), so that under the 
largest kinetin doses these pigments were 44% superior to 
the control treatment. Fruit yield presented linear growth 
proportional to the kinetin dose applied, and under bigger 
kinetin doses the yield was 33% superior to the control 
treatment. When the increase in the kinetin doses no longer 
increased plant height, the accessory pigment concentration 
(carotenoid) decreased and the chlorophyll continued to 
increase parallel to the increase in fruit yield. The results 
indicated that increases of kinetin from 115 mg L

-1
 increased 

the fruit drainage force, which became priority in the 
importation of assimilates and the vegetative growth of the 
plant started to occur in a smaller magnitude. The plants 
treated with kinetin presented morphophysiological 
alterations in the photosynthesis machinery to adjust to 
assimilate production and fruit swelling (Borges et al., 2014). 
Figure 3 shows the principal components analysis. Axes 1 
and 2 explained 58.7% of the data variation and 
demonstrated that there was no ranking of treatment 

groups in function of the doses applied.  However, the 
increases in plant height, canopy diameter and yield in the 
same direction as Axis 1 indicated that fruit yield was 
directly related to plant vigor. Table 2 shows multiple 
regression to assess the effect of the variables analyzed on 
Capsicum frutescens fruit yield. Multiple regression 
explained 99% of the variation in Capsicum frutescens yield. 
The canopy diameter, leaf width and length were the 
determining variables for fruit yield. Ranking and multiple 
regression showed that the plant architecture, more 
specifically height and canopy diameter, together act as 
determining variables for leaf area (leaf width and length) of 
key importance in fruit yield in Capsicum frutescens plants. 
Principal component analysis and multiple regression 
together show that flowering and grain filling are processes 
that demand assimilated consumption largely produced in 
the leaves that need root system and stem developed for 
absorption and transport of soil solution according to Taiz 
and Zeiger, (2013). Plant hormone application altered 
Capsicum frutescens fruit growth, development and 
nutritional composition (Tiwari et al., 2012; Pérez Jiménez et 
al., 2015). 
 
Materials and methods  
 
Plant materials 
 
The research was implemented in the rainy season and 
conducted between October 2015 and September 2016 in 
the experimental field at the State University of Goiás, 
Ipameri Campus (Lat. 170 43’ 19’’ S, Long. 480 09’ 35’’ W, 
Alt. 773 m), Brazil. This region has a tropical climate with a 
dry winter and wet summer (Aw) according to the Köppen 
classification. The soil in the experimental area is classified 
as red yellow Latossol. The pH and fertilization were 
corrected after chemical analysis of the soil (Table 1) 
according to the technical recommendations for the crop 
proposed by Embrapa, (2007). The Capsicum frutescens 
seedlings produced on styrofoam trays were transplanted to 
the field when they were 30 days old.  

The experiment was conducted in the rainy season 
without irrigation and randomized block design with five 
treatments (plants submitted to 0, 50, 100, 150, 200 and 250 
mg L

-1
 of kinetin (C10H9N5O) by volume of 30 ml / plant / 

application for a total of two applications, the first on 
January 26, 2016 when 60% of the plants were under full 
flowering and the second 11 April 2016), six replications and 
the plot consisted of two useful plants. The fruits were 
collected as they ripened and yield was measured with the 
fresh fruits in natura in the same way as they are 
commercialized.  

A the following variables were analyzed: plant height, stem 
and canopy diameter, length and width of fully opened 
leaves, chlorophyll and total carotenoid leaf concentrations, 
stomata density, specific leaf area and fruit yield. 
During the experiment monthly climatic data of total rainfall, 
mean temperature and relative air humidity (Figure 1) were 
collected at the National Meteorological Institute at a 
station located 2 km from the experimental field. 
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Table 1. Soil chemical characteristics, at the depth of 0 to 20 cm and 20 to 40 cm, of the experimental area of the Campus of 
UEG-Ipameri/GO, Brazil. 

Profundidade 
pH em 

CaCl2 

M.O. 
 (g.dm

-3
) 

P-Mehlich 
(mg.dm

-3
) 

Complexo Sortivo (cmol.dm
-3

)  
V% K Ca Mg Al H+Al CTC 

0 a 20 5,1 46,0 11,6 0,21 4.2 1,6 0,0 3,9 9,9 60,6 

20 a 40 5,1 31,0 6,7 0,17 3.8 1,1 0,0 3,7 8,7 57,8 

    

 
Fig 1. Monthly climatic data of total rainfall, mean temperature and relative air humidity collected at a conventional 
meteorological station located 2 km from the experimental area.  
 
Table 2. Multiple regression model to assess the effect of the variables on Capsicum frutescens plant productivity submitted to 
different kinetin doses.  

Produtividade (kg ha
-1

)                                     R²= 0.99 F (5.31) = 2920          p<0.000                                       

 

Beta Std.Err.  
of Beta 

B       Std.Err.  
      of B 

t (41) p-level 

Intercept 
  

-5.191         1.228 -4.225    0.000 
Altura      0.025       0.013 0.033         0.017  1.898    0.066 
Diam. copa      0.055       0.014 0.078         0.019  4.043    0.000* 
Larg. folha       0.89       0.241 0.917         0.246  3.718    0.001* 
Comp. folha    -0.327       0.117 -0.351         0.125 -2.786    0.009* 
Car     0.383       0.188  0.372         0.182  2.036    0.050 

             *Significant at 1%. 

 

 
Fig 2. Regression equations for plant height (y= 59,7043+0,1381x -0,0006x²; R²= 0.99*), carotenoids (y= 0,1861+0,0017x-
0,0000073552x², R²= 0,92**), chlorophyll a+b (y=1,2606 + 0,0053x, R²= 0,82**) and yield  (y= 258,7109 + 0,3455x, R²= 0,96*) of 
Capsicum frutescens plants treated with different kinetin doses. (Chl a+b = chloropyll a+b). 
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Fig 3. Principal component analysis for all variables analyzed in Capsicum frutescens plants treated with different 
kinetin doses.  

 
Physiological variables  
 
The number of leaves, stem and canopy diameter were 
measured using a graded ruler, tape measure and digital 
pachymeter. To obtain specific leaf area (SLA), six 12 mm 
diameter leaf discs were removed and from completely open 
leaves that were later dried in a chamber at 70ºC for 72 h to 
determine the dry matter, the calculations were made 
following recommendations by Radford (2013). To 
determine the leaf concentrations of chlorophyll (Cl a+b) 
and total carotenoids, two leaf discs were removed (third to 
fifth pair of completely open leaves) of known area and 
placed in jars containing dimethyl sulfoxide (DMSO). Later 
extraction was made in a water bath at 65°C for four hours. 
Aliquots were removed for spectrophotometer reading at 
480, 646 and 665 nm. The chlorophyll a (Cl a) and clorofila b 
(Cl b) chlorophyll contents were determined following 
recommendations by Wellburn (1994). 
  
Morphological variables  
 
The morphological variables were analyzed 20 days after the 
last growth regulator application. To assess the stomata 
density, replications of leaf adaxial and abaxial surfaces were 
made with colorless nail polish in the middle third region of 
previously dehydrated leaves. The stomata were counted 
using an optical microscope equipped with a light chamber. 
The stomata density was determined by counting the 
stomata situated in a 1 mm

2
 area (Jadrná et al., 2009). Five 

replications of both the adaxial and abaxial surfaces were 
analyzed from each replication to determine the stomata 
density. Fruits were collected when ripe and yield was 
measured by weighing the fruits in natura, in the same way 
as they are commercialized.  
 
Statistical procedures  
 
The variables were submitted to analysis of variance and 
linear or quadratic regression according to a randomized 
block design with five treatments and six replications. 
Multivariate analyses were made using the main 
components  technique  using  a  correlation  matrix and  the  

 
 
selection criteria of the axes by Broken Stick coupled to 
multivariate analysis of variance by permutation - 
PEMANOVA (Anderson, 2001). 

Multiple regression analysis was used to assess yield using 
the forward stepwise selection model (Sokal e Rolf, 1969). 
The R software was used to carry out these analyses (R Core 
Team, 2017). 
 
Conclusion 
 
Kinetin increased fruit drain strength and increased 
productivity of Capsicum frutescens. Plants treated with this 
cytokinin showed vigorous vegetative growth and significant 
increases in concentrations of photosynthetic pigments. The 
use of kinetin in Capsicum frutescens plants is a promising 
practice in the management of the species because it 
promotes morphophysiological adjustments in the plant that 
increase vegetative vigor and fruit yield. 
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