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Abstract 
 
The Northeastern semi-arid region provides favorable conditions for bell pepper cultivation, but most often the low availability of 
soil nutrients to plants constitutes a limiting factor to production. In this context, the present study aimed to evaluate the 
production and photosynthetic pigments of bell pepper subjected to increasing levels of fertilization with biochar and nitrogen. The 
experiment was conducted in pots (Citropote

®
) under greenhouse conditions. Treatments were arranged in a completely 

randomized design, in 4 x 4 factorial scheme, relative to four doses of biochar (0; 7; 14 and 21 m
3
 ha

-1
) and four doses of nitrogen 

(0; 40; 80 and 120 kg ha
-1

), with three replicates. Fertilization with 70 kg ha
-1

 of nitrogen and 14 m
3 

ha
-1

 of biochar promotes highest 
yield of bell pepper in terms of number of fruits and fruit fresh weight per plant. The highest contents of photosynthetic pigments 
were obtained in plants fertilized with 70 kg ha

-1
 of nitrogen associated with 10 m

3 
ha

-1
 of biochar. Biochar doses above 15.54 m

3 

ha
-1 

negatively affect the longitudinal diameter of bell pepper fruits. The recommendation of 120 kg ha
-1

 of nitrogen and 20 m
3 

ha
-1

 
of biochar reduces bell pepper production and photosynthetic pigments. 
 
Keywords: protected cultivation, fertilization, Capsicum annuum L.   
Abbreviations: DAS_days after sowing; NF_number of fruits; FFW_fruit fresh weight; FDW_fruit dry weight; FLD_fruit longitudinal 
diameter; FTD_fruit transverse diameter; Chla_chlorophyll a; Chlb_chlorophyll b; Total Chl_total chlorophyll; Car_carotenoids. 
 
Introduction 
 
Bell pepper (Capsicum annuum L.) is considered one of the 
most cultivated vegetables in Brazil (Souza et al., 2018). 
According to FAO (2017), the country has an estimated 
planting area of 19 thousand hectares and production above 
420 thousand tons per year. The Northeastern semi-arid 
region provides adequate edaphoclimatic conditions for 
production, and the states of Pernambuco, Paraíba, Ceará 
and Bahia are the main producers in the Northeast region 
(Nascimento, 2014). 
The use of organic matter in soil promotes direct and 
indirect effects on some chemical and physical phenomena. 
It is related to the large specific surface area and high 
quantity of surface charges and, indirectly, the organic 
matter interferes with the physical activity of the soil, acting 
in the formation of aggregates and, therefore, in pore-size 
distribution (Chaves et al., 2018). 
Lately the use of biochar as source of organic matter has 
proven to be promising, due to the wide range of benefits 
for agriculture (Kavitha et al., 2018). Biochar is a carbon-rich 
solid material obtained through biomass pyrolysis 
(Godlewska et al., 2017). According to Tammeorg et al. 
(2017), biochar improves nutrient and water retention in the 
soil, consequently improving plant growth and development. 
In addition, studies conducted with biochar have found that 
its use increases the total nitrogen in soil and reduces 

nitrogen losses through leaching due to NH4
+ 

adsorption 
onto the biochar surface (Chen et al., 2010; López-Cano et 
al., 2016). 
According to Aragão et al. (2013), nitrogen is the most 
important nutrient for bell pepper, being directly related to 
plant and fruit growth. However, its deficiency occur in 
virtually all soils. The high mobility of NO3

-
 in soil justifies the 

concern about nitrogen fertilization management in 
agricultural soils because nitrate leaching is a physical 
phenomenon, favored by the low binding energy to clay 
minerals, so it can be lost to the subsurface layers of the soil 
profile (Vanotti and Bundy, 1994). 
Chlorophylls are pigments which reflect the green color and 
are directly associated with the potential for photosynthetic 
activity (Silva et al., 2014). Chlorophyll a is the pigment used 
to perform the photochemical phase, i.e., the first phase of 
the photosynthetic process, while the other pigments help in 
light absorption and radiant energy transfer to the reaction 
centers, hence being called accessory pigments (Streit et al., 
2005). 
In order to identify adequate doses of biochar and nitrogen 
for agricultural exploitation in semi-arid regions, the present 
study aimed to evaluate the production and photosynthetic 
pigments of bell pepper subjected to fertilization with 
biochar and nitrogen. 
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Results and discussion 
 
Effect of biochar and nitrogen doses on sweet pepper 
production 
 
Biochar doses significantly influenced all variables studied, 
except fruit transverse diameter (FTD), while N doses 
significantly affected (p< 0.01) only the number of fruits (NF) 
and fruit dry weight (FDW). However, the interaction 
between these factors had significant effect (p< 0.01) on the 
number of fruits (NF) and fruit fresh weight (FFW) (Table 1). 
According to the regression equation (Figure 1A), bell 
pepper plants in the control treatment, i.e., under no 
application of either biochar or N, produced the lowest 
number of fruits (3.98 fruits). However, the application of 14 
m

3
 ha

-1
 of biochar combined with 70 kg ha

-1
 of N led to the 

highest number of fruits (10.08 fruits), corresponding to an 
increment of 153.27% (6.10 fruits) compared to non-
fertilized plants (control). Such response highlights the 
importance of using biochar as source of organic matter 
because, when applied in adequate doses, along with N 
fertilization, it increases crop production. According to Liu et 
al. (2014), biochar acts by improving soil chemical and 
physical properties, promoting plant growth and increasing 
yield. 
The beneficial effect of N up to the dose of 70 kg ha

-1
 may be 

related to the efficiency of this element in increasing bell 
pepper production, hence improving the supply of amino 
acids and other organic substances, promoted by the higher 
photosynthetic efficiency (Campos et al., 2008). Similar 
results were obtained by Ayodele et al. (2015), evaluating 
the effect of N fertilization on pepper (Capsicum spp.), and 
the highest number of fruits was obtained with N application 
of 75 kg ha

-1
. 

The highest fruit fresh weight (35.3 g) was obtained with 
application of 7 m

3
 ha

-1 
of biochar and 80 kg ha

-1 
of N, 

representing an increase of 51.5% (12.0 g) compared to 
plants in the control treatment. On the other hand, the 
lowest fruit fresh weight (16.24 g) was obtained with 
application of 21 m

3
 ha

-1 
of biochar and 0 kg ha

-1 
of N (Figure 

1B). The beneficial effect of biochar and N application on 
fruit fresh weight is possibly due to the better efficiency in N 
use. According to Coelho et al. (2018), the use of biochar 
combined with fertilizers can be an important strategy in 
large areas intended for agricultural practices, because the 
addition of these organo-mineral fertilizers can reduce N 
losses and improve N use efficiency in plants. In addition, the 
application of organic residues to agricultural soils has been 
used as a practical alternative to reduce environmental 
impacts and improve soil quality (Zhao et al., 2016). 
The biochar doses stimulated FDW and its data fitted to a 
quadratic model (Figure 2A), with maximum estimated value 
of 23.5 g in plants subjected to 12.8 m

3
 ha

-1 
of biochar, 

decreasing from this dose. This probably occurred due to the 
improvement in soil quality because, according to Silva et al. 
(2017), soil chemical, physical and biological properties are 
improved with biochar application, causing higher growth 
and yield of crops in this soil. Additionally, biochar is a 
source of nutrients that can increase soil pH, favoring the 
reduction in soil acidity and aluminum toxicity (Gwenzi et al., 
2016). The minimum FDW value was 13.19 g, observed in 
bell pepper plants which were not fertilized with biochar. 
Fruit dry weight (FDW) was also positively affected by N 
application (Figure 2B). The linear model fitted indicates that 

the highest FDW (21.76 g) was obtained with N dose of 120 
kg ha

-1
, while the lowest FDW (16.86 g) was observed in 

plants grown in the absence of N fertilization (0 kg ha
-1

), i.e., 
a reduction of 22.52% (4.9 g) between the highest (120 kg 
ha

-1
) and lowest (0 kg ha

-1
) doses of N. Similar results were 

obtained by Ferreira et al. (2003), studying the effect of N 
doses on the tomato crop, since these authors observed 
increment in dry weight with increasing N doses. 
In relation to fruit longitudinal diameter (FLD), the 
regression equation (Figure 3) revealed a quadratic effect of 
biochar doses, with maximum estimated value of 60.3 mm in 
plants subjected to 15.54 m

3
 ha

-1
 of biochar, decreasing 

from this dose. The minimum value (53.12 mm) was found in 
bell pepper plants which were not fertilized with biochar, 
i.e., there was a reduction of 13.56% (7.18 mm). Increase in 
FLD up to the dose of 15.54 m

3
 ha

-1 
can be justified by the 

fact that biochar applied at adequate doses increases 
nutrient availability and water absorption by plants 
(Hammer et al., 2014). 
 
Effect of biochar and nitrogen doses on sweet pepper 
chlorophyll 
 
Based on the F test summary (Table 2), the photosynthetic 
pigments of bell pepper, evaluated based on chlorophyll a 
(Chla), chlorophyll b (Chlb), total chlorophyll (Total Chl) and 
carotenoids (Car), were significantly affected (p < 0.01) by 
the interaction between biochar doses and N doses. Biochar 
doses affected all variables analyzed, except total 
chlorophyll. In regard to N doses, there was significant effect 
(p < 0.01) on chlorophyll a, total chlorophyll and 
carotenoids. 
The interaction between biochar doses and N doses 
significantly influenced the chlorophyll a content. The 
regression equation (Figure 4A) shows that plants fertilized 
with 70 kg ha

-1
 of N and 10 m

3 
ha

-1
 of biochar had the 

highest chlorophyll a content (1596 mg g
-1

 FM). On the other 
hand, bell pepper plants in the control treatment had a 
chlorophyll a content of 1065.67 mg g

-1
 FM, corresponding 

to a reduction of 33.23% (530.33 mg g
-1

 FM) compared to 
plants with the highest chlorophyll a content. The lowest 
Chla content (1028.51 mg g

-1
 FM) was obtained in plants 

fertilized only with 21 m
3
 ha

-1
 of biochar. 

For chlorophyll b in bell pepper plants (Figure 4B), the effect 
was similar to the one on chlorophyll a, i.e., fertilization with 
70 kg ha

-1
 of N and 10 m

3 
ha

-1
 of biochar led to the highest 

content of chlorophyll b (592.18 mg g
-1

 FM). Plants in the 
control treatment, i.e., under no fertilization, obtained 
chlorophyll b content of 373.56 mg g

-1
 FM, corresponding to 

a reduction of 36.92% (218.62 mg g
-1

 FM) compared to those 
with highest chlorophyll b content. 
As observed for chlorophyll a and chlorophyll b, plants 
fertilized with 70 kg ha

-1
 of N and 10 m

3 
ha

-1
 of biochar 

obtained the highest contents of total chlorophyll (Figure 4C) 
and carotenoids (Figure 4D). Based on the regression 
equation, the highest values were 2188.18 mg g

-1
 FM for 

total chlorophyll and 423.13 mg g
-1

 FM for carotenoids. 
However, bell pepper plants which were not fertilized with N 
(0 kg ha

-1
) and biochar (0 m

3 
ha

-1
) reached values of 1408.85 

mg g
-1

 FM for total chlorophyll and 273.42 mg g
-1

 FM for 
carotenoids, which corresponded to reductions of 35.62 and 
34.67% in Total Chl and Car, respectively, compared to those 
which had the highest values. 
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Table 1. Summary of F test for number of fruits (NF), fruit fresh weight (FFW), fruit dry weight (FDW), fruit longitudinal diameter 
(FLD) and fruit transverse diameter (FTD) of bell pepper subjected to increasing levels of fertilization with biochar and nitrogen. 

Source of variation 
F Test 

NF FFW FDW FLD FTD 

Doses of Biochar (B) * ** ** * ns 
Linear regression ** ns ns ns ns 
Quadratic regression ns ** ** ** ns 
Doses of nitrogen (N) ** ns ** ns ns 
Linear regression ns ns ** ns ns 
Quadratic regression ** ns ns ns ns 
Interaction (B x N) ** ** ns ns ns 

CV (%) 19.03 13.24 23.44 11.37 11.04 
                           ns, **, * Respectively not significant, significant at p ≤ 0.01 and p ≤ 0.05. 

 
Table 2. Summary of F test for chlorophyll a (Chla), chlorophyll b (Chlb), total chlorophyll (Total Chl) and carotenoids (Car) of bell 
pepper plants subjected to increasing levels of fertilization with biochar and nitrogen. 

Source of variation 
F Test  

Chla Chlb Total Chl Car 

Doses of Biochar (B) * * ns ** 
Linear regression ** ns ns * 
Quadratic regression ns * ns ns 
Doses of nitrogen (N) ** ns ** ** 
Linear regression ns ns ns ns 
Quadratic regression ** ns ** ** 
Interaction (B x N) ** ** ** ** 

CV (%) 11.87 17.25 11.54 11.80 
ns,

 **, * Respectively not significant, significant at p ≤ 0.01 and p ≤ 0.05 
 
 

Fig 1. Number of fruits – NF (A) and fruit fresh weight – FFW (B) in bell pepper plants as a function of the interaction between 
biochar doses and nitrogen doses. X and Y correspond to nitrogen doses and biochar doses, respectively. 
 
 

  
Fig 2. Fruit dry weight – FDW (A) as a function of biochar doses and Fruit dry weight – FDW (B) as a function of nitrogen doses. 

 

  

(A) 

(A) (B) 

(B) 
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Fig 3. Fruit longitudinal diameter (FLD) as function of biochar doses. 

 

  

  
Fig 4. Chlorophyll a (A), chlorophyll b (B), Total chlorophyll (C) and Carotenoids (D) of bell pepper as a function of the interaction 
between biochar doses and nitrogen doses. X and Y correspond to nitrogen doses and biochar doses, respectively. 
 
 
According to Taiz and Zeiger (2017), photosynthetic 
pigments play an important role in the photosynthetic 
process, and chlorophylls are responsible for capturing light 
energy, pointing to chlorophyll a as the main pigment of the 
light-harvesting complexes for photochemical reactions. 
Along with chlorophyll b, carotenoids constitute the so 
called accessory pigments (Streit et al., 2005), which play an 
essential role in photo-protection (Taiz; Zeiger, 2017). 
A study conducted by Bhuvaneswari et al. (2014), evaluating 
the effect of N fertilization on the chlorophyll content of bell 
pepper, found that the highest chlorophyll content was 

obtained in plants fertilized with 50 kg ha
-1

 of N and the 
lowest content was observed in plants which received no N 
fertilization. These authors attributed the beneficial effect of 
N to the fact that it is a constituent of the chlorophyll 
molecule, being the main component of all amino acids in 
proteins and lipids which act as structural compounds of 
chloroplast. In addition, the application of biochar along with 
N can improve the efficiency of N use in plants and reduce 
losses through leaching (Coelho et al., 2018). 
 
 

(B) 

(D) 

(C) 

(A) 

(C) 
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Materials and methods 
 
Plant materials 
 
The bell pepper cultivar used in the experiment was All Big, 
belonging to the Cascadura group; This material has erect 
growth, small size, firm and thick, sweet-tasting pulp, high 
productivity and a cycle of around 120 days, and it is tolerant 
to collar rot (Phytophthora capsici) and common mosaic 
(ToMV) (Lima et al., 2016). 
 
Experimental site  
 
The experiment was carried out in the period from August to 
November 2018, under greenhouse conditions at the 
Agricultural Engineering Department of the Federal 
University of Campina Grande, Campina Grande, PB, Brazil 
(7º12'52” S; 35º54'24” W and mean altitude of 550 m), using 
soil samples collected in the 0-20 cm layer in the 
municipality of Lagoa Seca-PB.  
 
Soil analysis 
 
After collection, the composite soil sample was air-dried, 
passed through a 2-mm-mesh sieve and characterized 
according to Teixeira et al. (2017) for the following physical 
attributes: clay = 158.5 g kg

-1
, silt = 120.7 g kg

-1
 and sand = 

720.8 g kg
-1

, and chemical attributes: pH = 5.75; EC = 0.16 dS 
m

-1
; Ca = 1.56 cmolc kg

-1
; Mg =1.18 cmolc kg

-1
; Na = 0.06 

cmolc kg
-1

; K = 0.26 cmolc kg
-1

; H = 1.27 cmolc kg
-1

; P = 4.9 mg 
kg

-1
; OM = 14.8 g kg

-1
. 

 
Biochar analysis 
 
 The biochar used in the experiment was produced using 
poultry litter and had the following composition: N= 3.45%; 
P2O5= 7.78%; K2O= 4.90%; Calcium= 6.83%; Magnesium= 
1.34%; Sulfur= 0.76%; Iron= 0.46%; Manganese= 0.09%; 
Copper= 0.04%; Zinc= 0.08%; Boron= 0.01%; pH= 9.45; 
Carbon/nitrogen ratio= 11.53%; Organic carbon= 39.77%; 
Organic matter= 68.56% and CEC= 388.90 mmolc /kg. 
 
Design and treatments  
 
The experimental design was completely randomized in a 4 x 
4 factorial scheme, composed of four doses of nitrogen (N) 
(0; 40; 80 and 120 kg ha

-1
) and four doses of biochar (0; 7; 14 

and 21 m
3
 ha

-1
), with three replicates, totaling 48 

experimental units. These doses were defined based on the 
recommendations of N fertilization and organic matter 
(bovine manure, 20 m

3 
ha

-1
) for the bell pepper crop 

(Cavalcanti, 1998). 
 
Experimental setup and conduction of study 
 
Each experimental unit consisted of one 8-dm

3
 polyethylene 

pot (Citropote
®
), covered at the bottom with geotextile 

(Bidim OP 30), and filled with 0.3 kg of crushed stone (nº 0) 
and 6.0 kg of soil material. After filling, biochar was 
incorporated in each experimental unit in the upper part of 
the soil material and the mixture was irrigated until reaching 
moisture content corresponding to 80% field capacity, for 
the experimental units to remain incubated for 8 days. 
Bell pepper seedlings (All Big cultivar, belonging to the 
Cascadura group) were prepared on a plastic tray, using a 

commercial substrate, where 3 seeds were planted in each 
tray cell; at 28 days after sowing (DAS), the seedlings were 
transplanted to the pots and thinning was carried out 8 days 
after transplanting, leaving only one plant per pot. Plants 
were daily irrigated with the water volumes required to 
reach 80% soil field capacity. Bell pepper plants were staked 
until the end of the cycle to assist in their support. 
After thinning, the experimental units were fertilized with 
120 kg ha

-1 
of phosphorus (46 mg/pot), 70 kg ha

-1 
of 

potassium (26.8 mg/pot), 40, 80 and 120 kg ha
-1 

of nitrogen 
(16.7; 33.3 and 50 mg/pot, respectively), using 
monoammonium phosphate, potassium chloride and urea as 
sources. In order to meet the requirements of 
micronutrients, plants were sprayed at 30, 45 and 60 DAS, 
with a solution (2.5 g L

-1
) with the following composition: N 

(15%); P2O5 (15%); K2O (15%); Ca (1%); Mg (1.4%); S (2.7%); 
Zn (0.5%); B (0.05%); Fe (0.5%); Mn (0.05%); Cu (0.5%); Mo 
(0.02%). 
 
Variables analyzed  
 
Ripe fruits were harvested at weekly intervals from 80 DAS 
to evaluate the number of fruits (NF) and fruit fresh weight 
(FFW). In order to obtain the dry weight (FDW), fruits were 
placed in paper bags and dried in forced air circulation oven 
at temperature of 65 ºC until constant weight. Fruit 
longitudinal (FLD) and transverse (FTD) diameters were 
measured with a digital caliper. 
Photosynthetic pigments (chlorophyll a, chlorophyll b and 
carotenoids) were quantified by following the laboratory 
method developed by Arnon (1949), preparing plant extracts 
from samples of discs of the lamina of the third mature leaf 
from the apex. These extracts were used to determine the 
contents of chlorophyll and carotenoids in the solution using 
a spectrophotometer at the absorbance wavelength (ABS) 
(470, 646, and 663 nm), according to the following 
equations:  
Chlorophyll a (Chla) = (12.21 x ABS663) – (2.81 x ABS646) 
Chlorophyll b (Chlb) = (20.13 x ABS64) – (5.03 x ABS663)  
Carotenoids (Car) = ((1000 x ABS470) – (1.82 x Chla) – (85.02 
x Chlb))/198.  
The obtained contents of chlorophyll a, chlorophyll b and 
carotenoids in the leaves were expressed in μm g

-1
 FM (fresh 

matter). 
 
Statistical analysis  
 
The collected data were subjected to analysis of variance by 
F test at 0.05 and 0.01 probability levels. When significant, 
linear and quadratic polynomial regression analysis was 
carried out using the statistical program SISVAR (Ferreira, 
2014). 
 
Conclusions 
 
Fertilization with 70 kg ha

-1
 of nitrogen associated with 14 

m
3 

ha
-1

 of biochar promoted the highest yield of bell pepper 
in terms of number of fruits and fruit fresh weight per plant. 
The highest contents of photosynthetic pigments were 
obtained in plants fertilized with 70 kg ha

-1
 of nitrogen 

associated with 10 m
3 

ha
-1

 of biochar. 
Biochar doses above 15.54 m

3 
ha

-1 
negatively affect the 

longitudinal diameter of bell pepper fruits. 
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The recommendation of 120 kg ha
-1

 of nitrogen and 20 m
3 

ha
-1

 of biochar reduces bell pepper production and 
photosynthetic pigments. 
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