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Abstract 

Information on the effects of boron and tannery sludge application on the growth and development of black pepper 
is insufficient to support the recommendations of these inputs for the crop. The present experiment establishes 
adequate doses of boric acid in combination with the application of industrial waste from leather processing plants 
for the development of the black pepper cultivar ‘Bragantina’. We conducted the experiment in a greenhouse at 
IFES - Itapina Campus, Colatina city, Espírito Santo State, Brazil. For that, we used B horizon samples of a Red-
Yellow Argisol as substrate. The experimental design was completely randomized in a factorial scheme with four 
replicates. Treatments consisted of three boric acid doses (0; 2; 4 mg dm-3) in association with three tannery sludge 
doses (0; 0.125; 0.250 dm3 dm-3) up to the vessel volume (18 dm-3), with 14 sampling times. We assessed the 
following variables: vegetative plant growth; symptoms of boron deficiency and/or toxicity; soil pH; boron content. 
Soil application of boric acid showed considerable results in the early development of black pepper plants; the dose 
with the best response was 2 mg dm-3. Using tannery sludge doses of 0.125 and 0.250 dm3 dm-3 in the substrate 
was lethal for black pepper. 
 
Additional keywords: boron; industrial waste; nutrition; piper nigrum L. 
 
Resumo 

As informações relacionadas aos efeitos da aplicação de lodo de curtume e boro no crescimento e desenvolvi-
mento da pimenta-do-reino são insuficientes para dar suporte as recomendações destes insumos para o desen-
volvimento desta cultura. O presente experimento objetivou estabelecer doses adequadas de ácido bórico asso-
ciados a aplicação de resíduos industriais gerados pela fábrica de beneficiamento de couros. O experimento foi 
conduzido com pimenta-do-reino, cultivar ‘Bragantina’, em casa de vegetação localizada no IFES-Campus Itapina, 
cidade de Colatina-ES. Foi utilizado amostras do horizonte B de um Argissolo Vermelho-Amarelo como substrato. 
Utilizou-se o delineamento inteiramente casualizado, em esquema fatorial, com quatro repetições. Os tratamentos 
foram formados por três doses de ácido bórico (0, 2 e 4 mg dm-3) combinados com três doses de lodo de curtume 
(0, 0,125 e 0,250 dm3 dm-3) do volume do vaso (18 dm3) e 14 épocas de amostragem. Foram avaliados o 
crescimento vegetativo das plantas, sintomas de deficiência e ou toxidez de boro, pH do solo e teor de boro. A 
aplicação de ácido bórico via solo apresentou resultados consideráveis no desenvolvimento inicial das plantas de 
pimenta-do-reino onde a dose de melhor resposta foi 2 mg dm-3 do fertilizante. O uso de lodo de curtume nas 
concentrações de 0,125 e 0,250 dm3 dm-3 no substrato foi letal para a cultura de pimenta-do-reino. 
 
Palavras-chave adicionais: boro; nutrição; piper nigrum L.; resíduos industriais. 
 
Introduction 

 
Black pepper (Piper nigrum L.), also known as 

Indian pepper, is a perennial, shrubby, and vine species. 
It originates in tropical regions of India, and is the most 
common and most important spice in the world (Maistre, 
1969). According to data from IBGE (2018), Brazil 

produced 54.4 thousand tons of black pepper in 2016. 
Pará State accounted for 65.80% of the production, 
followed by Espírito Santo, with 23.52%, and Bahia, with 
9%. This shows that these three states concentrate the 
production of this crop in the country. Black pepper is a 
tropical plant that finds favorable conditions between 
latitudes 20° N and 20° S (Botelho & Oliveira, 2009). 
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The crop has a high nutritional requirement. 
Moreover, Brazilian producers grow black pepper in 
soils that are mostly of low natural fertility. This leads to 
the need to apply fertilizers so as to ensure vigorous 
growth and high yield (Botelho & Oliveira, 2009). 
Inadequate fertilization of the crop, without technical 
criteria, can cause losses to the producer either by lower 
yields due to nutritional imbalances or by excessive 
spending on fertilizers. 

Boron is present in the soil solution in the form 
of boric acid (B(OH)3), which is highly soluble at pH 
conditions between 5.5 and 7.5. Thus, it can be easily 
leached in high rainfall areas (Camacho-Cristóbal et al., 
2008). Its main function is as a structural component of 
the cell wall, acting in several important biological 
processes. Boron alters enzymatic systems; partici-
pates in carbohydrate translocation and metabolism; 
plays an important role in flowering, pollen tube growth, 
and phenol accumulation; acts in fruiting, in N 
metabolism, and in hormonal systems; besides influenc-
ing photosynthesis, being a fundamental microelement 
for early plant growth (Dechen & Nachtigall, 2007). 

Several heavy metals are essential for plants, 
such as copper (Cu), zinc (Zn), and manganese (Mn). 
In turn, lead (Pb) and chromium (Cr) are potentially toxic 
for these organisms (Taiz & Zeiger, 2004). Studies are 
currently addressing the use of industrial waste as an 
alternative means of fertilization in agriculture (Sales et 
al., 2018; Comério et al., 2019; Gianello et al., 2011). 

Tannery sludge from leather industries is rich in 
important nutrients for plants, including nitrogen (N), 
calcium (Ca), magnesium (Mg), potassium (K), 
phosphorus (P), and sulfur (S). However, the presence 
of chromium (Cr) and sodium (Na) in its chemical 
composition may restrict its use in agriculture (Singh et 
al., 2015; Silva et al., 2010). 

There is little research addressing nutrient 
application in black pepper or characterizing the 
nutritional status of plants. From an environmental point 
of view and due to the size of the planted area of this 
crop, black pepper can become a crop accessible to the 
application of industrial waste as a source of nutrients. 
However, scientific data must support this application. In 
this context, the present experiment establishes 
adequate boric acid doses in association with the 
application of industrial waste from leather processing 
plants as a source of nutrients. The study aims for better 
development of the crop, providing its nutrition and 
continuous yield improvement. 

 

Material and methods 

 
For the experiment, we grew the black pepper 

cultivar ‘Bragantina’ in a greenhouse at IFES - Itapina 
Campus (19° 32’ 16’’ S latitude and 40° 37’ 59’’ W 
longitude).  

The experimental design was completely 
randomized in a factorial scheme with four replicates. 
Treatments consisted of three doses of boric acid (0, 2 
and 4 mg dm-3) in association with three tannery sludge 

doses (0, 0.125 and 0.250 dm3 dm-3). For that, we used 
pots with 25 cm diameter and 36.7 cm height, which we 
filled with 18 dm3 of the substrate. We analyzed the 
variables throughout 14 sampling times in a total of 120 
days. The first sampling occurred at planting, the 
second at 30 days, and the others every seven days. 
Spacing was 60 cm between rows and 50 cm between 
plants. 

We used the B horizon of a Red-Yellow Argisol 
as substrate, whose chemical analysis showed the 
following results: pH = 4.72; Al = 0.22 cmolc dm-3; Ca = 
= 1.43 cmolc dm-3; Mg = 0.90 cmolc dm-3; H + Al =              
= 2.08 cmolc dm-3; K = 44 mg dm-3; P = 4.6 mg dm-3;      
S-SO4 = 99.6 mg dm-3; B = 0.1 mg dm-3; Cu =                      
= 0.3 mgdm3; Fe = 26.0 mg dm-3; Mn = 4.3 mg dm-3;      
Zn = 0.5 mg dm-3; O.M. = 1.70 dag kg-1; P-rem =                
= 18.5 mg L-1. 

Chemical analysis followed the following 
procedures: (Al, Ca, Mg - KCl/L method); (H + Al - SMP 
buffer solution method); (K, P, Cu, Fe, Mn, and Zn - 
Melich-1 method); (S-SO4 - Ca(H2PO4)2 0.01 mol/L 
method); (B - 0.125% BaCl2 2H2O method); (O.M. - 
oxidation method: Na2Cr2O7 2 H2O 4 mol L-1 + H2SO4 10 
mol L-1); (P-rem - phosphorus in equilibrium solution 
method) (Embrapa, 1997; Tedesco et al., 1995; Raij et 
al., 2001). At sixty days before planting, we added 0.519 
g dm-3 calcitic limestone (PRNT = 91%) to the soil to 
increase the base saturation to 75%, in a mixture 
containing 40% of fine sand. We mixed these elements 
prior to their incorporation into the soil so as to ensure a 
homogeneous application. As the soil was very clayey, 
using this proportion of sand made the substrate 
medium texture. 

The chemical analysis of the solid organic 

fertilizer (tannery sludge) provided by the company 

‘Capixaba Couros’ showed the following results: total 

organic matter = 29.36%; compostable organic matter = 

= 11.02%; organic carbon = 6.12%; C:N ratio = 3:1; N = 

= 1.76%; P = 0.52%; K = 0.06%; Ca = 22.59%; Mg =     

= 1.56%; S = 1.32%; B = 258 mg.dm-3; Na = 0.55%;    

Cr3 = 3.70%; clayey granulometry. The analysis fol-

lowed the methodology recommended by the Ministry of 

Agriculture, Livestock, and Supply (MAPA, 2013). We 

added the boric acid and tannery sludge doses to the 

substrate before transplanting the seedlings. We mixed 

the elements homogeneously, applying the mixture 

individually so as to ensure the exact dose for each plant 

and to reach the final volume of 18 dm3. 
At the time of planting, we removed the original 

substrate present in the roots of seedlings, subse-
quently treating these plants. Nursery ‘Demuner’, in São 
Roque do Canaã city, Espírito Santo State, provided the 
seedlings in excellent nutritional condition. Their 
average height and average number of leaves were 
28.77 cm and 6.29, respectively. To meet the water 
needs of the plants, we irrigated them every two days by 
adding 1.0 L of water per plant. After planting, we weekly 
assessed the following variables: vegetative plant 
growth, symptoms of boron deficiency and/or toxicity, 
and the effect of tannery sludge. 
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At the end of the 14 sampling times, we 
analyzed soil pH in each treatment. Then, we cut the 
plants at the neck region, thus collecting whole plants, 
which we packed in Kraft paper bags. In the laboratory, 
we separated stems and leaves, cleaning them with 
cotton previously soaked in deionized water. We stored 
the material in a forced air circulation oven at 75 ºC for 
48 hours. 

After drying, we obtained the dry matter of 
stems and leaves. Subsequently, we ground the plant 
material in a Wiley mill with a 30-mesh sieve. We then 
determined boron content in the leaves and stem using 
the azomethine-H method (Malavolta et al., 1997).  

We submitted the results to analysis of variance 
using the R program, and compared the means using 
the Tukey test at 5% probability. 

 

Results and discussion 

 

The experiment showed significant results for 

the effects of boric acid and tannery sludge doses and 

sampling times as a function of the parameters of early 

plant development. For the number of leaves, 

regardless of the boric acid doses, the treatments in 

which the plants received tannery sludge in the doses of 

0.125 and 0.250 dm3 dm-3 showed leaf toxicity 

symptoms. These included yellowing of shoots; 

brownish spots; necrotic internerval spots; and necrosis, 

initially, in the leaf blade. This led to gradual and total 

leaf fall in the first two months (Figure 1). 
 

 

 

Figure 1 - Phytotoxicity by application of tannery sludge in black pepper cultivar ‘Bragantina’.  
 

Tudeia (2016) observed similar symptoms in 

the production of ‘Cravo’ lemon seedlings, with an 

increase in boron and chromium content in the shoots 

as a function of increasing tannery sludge doses in the 

substrate. At 45 days after planting, the tannery sludge 

dose of 50% increased boron content by 506 mg kg-1 

and chromium content by 12.05 mg kg-1. 

Banana genotypes under treatment with        

100 mM sodium chloride (NaCl) also showed similar 

phytotoxicity symptoms (Willadino et al., 2011). 

In the present study, the treatments without 

addition of tannery sludge increased the number of 

leaves over time. For this variable, soil application of       

2 mg dm-3 boric acid showed the best results (Table 1). 

Similarly, passion fruit seedlings developed 

better with the use of approximately 0.5 mg dm-3 boron; 

however, doses above and below this value decreased 

plant development (Prado et al., 2006). 

Some plants of the treatment with 0.125 dm3 dm-3 
tannery sludge started to emit leaves from the tenth 
sampling (when the boric acid dose was zero grams per 
plant) and from the last sampling (when the boric acid 
dose was 4mg dm-3). This may be due to the leaching 
of elements, mainly sodium. Studies addressing the 
leaching of nutrients and heavy metals from sewage 
biosolids in an Oxisol, at a water depth of 23.3 mm per 
day, show that sodium leaching corresponded to         
196 mg L-1 after 44 days (Campos, 2017). 

Regarding stem thickness, plants under the 
application of 0.125 and 0.250 dm3 dm-3 tannery sludge 
showed stem withering over time (Table 2). Absence of 
boron application led to less toxicity. Notwithstanding, 
the plants slightly recovered when applying the boric 
acid dose of 4mg dm-3 in association with the tannery 
sludge dose of 0.125 dm3 dm-3. For stem thickness, the 
treatments without application of tannery sludge did not 
differ in relation to boric acid doses (Table 2). 
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Table 1 - Effect of application of tannery sludge and boron doses on the number of leaves of black pepper, cultivar 
‘Bragantina’. 

Collect 

Tannery sludge  Tannery sludge  Tannery sludge 
Mean -------- 0 dm3 dm-3 --------  ----- 0.125 dm3 dm-3 -----  ------- 0.250 dm3 dm-3 ------- 

Boric acid (mg dm-3)  Boric acid (mg dm-3)  Boric acid (mg dm-3) 
0 2 4 Mean  0 2 4 Mean  0 2 4 Mean  

1 5.75 7.00 6.75 6.50 e  5.75 5.50 7.00 6.08 a  6.00 6.25 6.75 6.33 a 6.31 

2 5.75 7.00 6.75 6.50 e  5.25 4.00 6.25 5.17 ab  4.75 4.75 3.75 4.42 ab 5.36 

3 5.75 7.25 7.00 6.67 e  5.00 4.00 5.50 4.83 ab  4.50 3.75 2.00 3.42 abc 4.97 

4 5.75 7.25 7.25 6.75 e   3.75 3.25 4.25 3.75 abc  4.00 2.50 1.00 2.50 bcd 4.33 

5 5.75 7.75 7.50 7.00 e  2.00 1.50 3.75 2.42 bcd  4.00 1.75 0.50 2.08 bcd 3.83 

6 7.50 10.50 9.75 9.25 de  0.75 1.00 1.75 1.17 cd  2.00 0.00 0.25 0.75 cd 3.72 

7 9.75 12.75 11.50 11.33 cd  0.00 0.00 0.50 0.17 d  1.00 0.00 0.00 0.33 cd 3.94 

8 11.25 15.00 12.50 12.92 c  0.00 0.00 0.00 0.00 d  0.75 0.00 0.00 0.25 cd 4.39 

9 12.75 17.00 14.25 14.67 c  0.00 0.00 0.00 0.00 d  0.00 0.00 0.00 0.00 d 4.89 

10 17.00 21.75 18.50 19.08 b  0.25 0.00 0.00 0.08 d  0.00 0.00 0.00 0.00 d 6.39 

11 18.75 23.50 20.25 20.83 ab  0.75 0.00 0.00 0.25 d  0.00 0.00 0.00 0.00 d 7.03 

12 19.50 25.00 22.50 22.33 ab  0.75 0.00 0.00 0.25 d  0.00 0.00 0.00 0.00 d 7.53 

13 21.75 25.50 23.00 23.42 a  1.00 0.00 0.00 0.33 d  0.00 0.00 0.00 0.00 d 7.92 

14 21.75 25.75 25.00 24.17 a  1.25 0.00 0.50 0.58 cd  0.00 0.00 0.00 0.00 d 8.25 

Mean 12.05C 15.21A 13.75B 13.67  1.89A  1.38A 2.11A 1.79  1.93A 1.36A 1.02A 1.43 5.63 

Means followed by the same uppercase letter in the row and lowercase in the column do not differ by Tukey's test at 5% probability  

 
Table 2 - Effect of application of tannery sludge and boron doses on the stem thickness of black pepper, cultivar 
‘Bragantina’. 

Collect 

Tannery sludge  Tannery sludge  Tannery sludge 

Mean 
-------- 0 dm3 dm-3 --------  ------ 0.125 dm3 dm-3 ------  ------- 0.250 dm3 dm-3 -------  

Boric acid (mg dm-3)  Boric acid (mg dm-3)  Boric acid (mg dm-3) 
0 2 4 Mean  0 2 4 Mean  0 2 4 Mean 

1 5.06 5.06 4.85 4.99 a  5.05 5.07 5.28 5.13 a  5.42 4.73 4.91 5.02 ab 5.05 
2 5.32 5.51 5.58 5.47 a  5.24 5.07 5.13 5.14 a  5.37 5.01 4.94 5.1 a 5.24 
3 5.44 5.59 5.76 5.60 a  5.27 5.24 5.30 5.27 a  5.36 5.03 5.07 5.15 a 5.34 
4 5.61 5.93 5.89 5.81 a  5.13 5.24 5.16 5.18 a  5.35 5.12 5.02 5.16 a 5.38 
5 5.57 5.75 5.85 5.72 a  5.07 5.19 5.12 5.13 a  5.25 4.93 4.91 5.03 ab 5.29 
6 5.70 5.86 5.99 5.85 a  5.21 3.86 5.18 4.75 a  3.95 3.84 3.87 3.89 abc 4.83 
7 5.95 5.92 6.00 5.96 a  5.16 3.75 5.22 4.71 a  3.96 3.87 2.61 3.48 abcd 4.71 
8 5.77 5.91 6.00 5.89 a  5.21 3.78 3.88 4.29 ab  3.95 2.60 2.59 3.04 abcd 4.41 
9 5.94 6.00 6.04 5.99 a  5.25 3.78 3.94 4.32 ab  4.04 2.66 2.60 3.1 abcd 4.47 
10 5.96 5.93 6.05 5.98 a  3.88 3.89 3.90 3.89 ab  4.00 2.63 2.58 3.07 abcd 4.31 
11 6.05 6.07 6.15 6.09 a  3.91 2.62 3.97 3.50 ab  3.96 1.37 2.61 2.65 bcd 4.08 
12 6.00 6.10 6.19 6.09 a  3.89 2.63 3.95 3.49 ab  3.99 1.37 2.67 2.68 bcd 4.09 
13 6.14 6.16 6.31 6.20 a  3.93 2.62 4.00 3.52 ab  4.00 1.36 1.22 2.19 cd 3.97 
14 6.20 6.45 6.35 6.33 a  2.73 1.20 2.85 2.26 b  2.95 1.40 0.00 1.45 d 3.35 

Mean 5.76 A 5.87 A 5.93 A 5.85  4.64 A 3.85 B 4.49 AB 4.33  4.4 A 3.28 B 3.26 B 3.64 4.61 

Means followed by the same uppercase letter in the row and lowercase in the column do not differ by Tukey's test at 5% probability  

 
Similarly, Tavanti et al. (2018) found no signifi-

cant differences in stem diameter in eucalyptus seed-
lings under boric acid application in the first weeks after 
planting. 

Boric acid doses significantly affected plant 
height and, similarly, the number of leaves. The treat-
ment with 2 mg dm-3 boric acid and without tannery 
sludge application allowed the plant to reach a higher 
height (Table 3). Prado et al. (2006) also showed a 
similar effect on the vegetative development of passion 
fruit seedlings under different doses of boron. 

The treatments with application of 
0.125 dm3 dm-3 tannery sludge did not differ from each 

other, decreasing only plant height over time regardless 
of the boric acid dose. The treatments with 
0.250 dm3 dm-3 tannery sludge differed from each other, 
showing higher toxicity effect with increasing doses of 
boric acid (Table 3). Reductions in nutrient levels and 
absorption of toxic elements possibly decreased the 
yield potential of plants. 

In general, chromium and sodium toxicity pos-
sibly affected the plants that received tannery sludge. 
These plants showed total leaf loss, remaining with their 
stem. However, apex internodes gave way to basal 
internodes over time (Figure 1). Bean plants grown with 
tannery sludge withered with increasing doses of this 
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treatment, also showing less nitrogen absorption. With 
the supply of 42 Mg ha-1 tannery sludge, these plants 

died after 40 days of planting (Prado & Cunha, 2011). 

 
Table 3 - Effect of application of tannery sludge and boron doses on the height of black pepper (cm), cultivar 
‘Bragantina’. 

Collect 

Tannery sludge  Tannery sludge  Tannery sludge 

Mean 
------ 0 dm3 dm-3 ------  ------ 0.125 dm3 dm-3 -----  ----- 0.250 dm3 dm-3 ----- 

Boric acid (mg dm-3)  Boric acid (mg dm-3)  Boric acid (mg dm-3) 

0 2 4 Mean  0 2 4 Mean  0 2 4 Mean 

1 25.75 32.25 26.25 28.08 f  29.00 28.50 29.25 28.92 a  28.50 31.25 28.25 29.33 a 29.33 

2 27.50 33.25 28.50 29.75 f  30.00 29.00 30.75 29.92 a  29.75 30.75 28.00 29.5 a 29.50 

3 27.75 34.50 29.75 30.67 ef  30.00 27.50 30.75 29.42 a  28.00 30.00 25.75 27.92 ab 27.92 

4 27.25 36.75 30.50 31.5 ef  28.50 26.25 29.00 27.92 a  26.75 25.75 22.25 24.92  abc 24.92 

5 27.25 36.50 30.00 31.25 ef  28.00 23.00 28.00 26.33 ab  23.75 22.50 19.75 22.00 abcd 22.00 

6 32.50 43.25 32.50 36.08 def  24.50 18.75 25.25 22.83 abc  20.75 17.25 15.75 17.92 abcde 17.92 

7 36.75 47.50 35.25 39.83cdef  21.00 17.75 23.25 20.67 abcd  20.00 14.75 10.00 14.92 bcdef 14.92 

8 37.00 48.25 38.00 41.08 bcdef  20.50 15.50 20.50 18.83 abcde  18.00 12.25 9.00 13.08 cdef 13.08 

9 39.25 51.50 42.50 44.42 abcde  17.25 14.00 17.50 16.25 abcde  18.00 8.50 8.25 11.58 cdef 11.58 

10 42.75 54.00 48.50 48.42abcd  12.25 12.00 14.75 13.00 bcde  14.00 6.25 6.00 8.75 def 8.75 

11 44.00 53.50 52.25 49.92 abcd  12.50 6.00 13.25 10.58 cde  11.25 5.00 2.25 6.17ef 6.17 

12 46.00 55.50 55.25 52.25 abc  10.75 6.00 9.50 8.75 cde  10.25 3.25 2.50 5.33 ef 5.33 

13 48.00 59.00 58.00 55.00 ab  11.00 4.75 9.50 8.42 de  9.50 3.25 1.75 4.83 ef 4.83 

14 48.50 61.75 61.50 57.25 a  7.75 2.75 6.25 5.58 e  6.25 2.50 0.00 2.92 f 2.92 

Mean 36.45B 46.25A 40.63B 41.11  20.21A 16.55A 20.54A 19.10  18.91A 15.23AB 12.82B 15.65 25.29 

Means followed by the same uppercase letter in the row and lowercase in the column do not differ by Tukey's test at 5% probability  

 
The tannery sludge doses contributed to the 

increase in soil pH; the highest sludge dose led to the 
highest pH value (Table 4). Similarly, Tudeia (2016) also 
found higher pH values as a function of increasing 
percentages of tannery sludge in the substrate. In turn, 
boric acid doses did not influence pH values, which 
varied between 5.5 and 7.5 in the treatments without the 
addition of sludge. 

Table 5 shows the averages of shoot devel-
opment variables as a function of boric acid doses at 
120 days after transplanting, as well as the levels of 
boron in the stem and leaves. Regarding shoot devel-
opment variables, number of leaves (NL), stem thick-
ness (ST), plant height (H), leaf dry matter (LDM), and 
stem dry matter (SDM) did not differ significantly. 

 
Table 4 - Values of soil pH as function of application of tannery sludge and boron doses. 

 Tannery sludge Tannery sludge Tannery sludge 

 -------- 0 dm3 dm-3 -------- -------- 0.125 dm3 dm-3 --------  -------- 0.250 dm3 dm-3 -------- 

 Boric acid (mg dm-3) Boric acid (mg dm-3) Boric acid (mg dm-3) 

 0 2 4 Mean 0 2 4 Mean 0 2 4 Mean 

pH 6.33 c 6.44 c 6.25 c 6.30 C 7.35 b 7.71 b 8.00 b 7.69 B 8.15 a 8.20 a 8.28 a 8.21 A 

Means followed by the same uppercase or lowercase letter do not differ by Tukey's test at 5% probability 

 
Leaf boron content also did not differ between 

boric acid doses (Table 5). In turn, the element accu-

mulated significantly in the stem, with higher values as 

the boric acid dose increased. Soil application of differ-

ent doses of boron in the form of boric acid (H3BO3) 

positively influenced the levels of this micronutrient in 

the stem and leaves of eucalyptus (Tavanti et al., 2018). 
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Table 5 - Effect of the application of boric acid doses on number of leaves (NL), stem thickness (ST),  plant height 
(H), leaf dry mass (LDM), stem dry mass (SDM), B foliar content (B) and B content in the stem (BS)  of black pepper, 
cultivar ‘Bragantina’. 

Parameters 
Boric acid (mg dm-3) 

0 2 4 

NL 21.75 a 25.75 a 25.00 a 
ST (mm) 6.20 a 6.45 a 6.35 a 
H (cm) 48.50 a 61.75 a 61.50 a 
LDM (g) 6.67 a 8.21 a 7.80 a 
SDM (g) 4.00 a 5.56 a 5.20 a 
B (mg kg-1) 19.13 a 20.00 a 20.73 a 
BS (mg kg-1) 32.52 b 36.00 ab 43.15 a 

Means followed by the same letter in the row do not differ by Tukey's test at 5% probability 

 
Conclusion 

 

Soil application of boric acid affected the 
early development of black pepper. 

Increasing the boric acid dose up to 4 mg 
dm-3 did not cause a toxic effect on plants, with the 
dose of 2 mg dm-3 boric acid being the most suitable 
for the development of the crop. 

The authors do not recommend the 
application of tannery sludge at doses above 
0.125 dm3 dm-3 for the cultivation of black pepper 
since it led to plant death in the present study. 
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