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Abstract 

 

The quality of the root system in stem cuttings of Piper nigrum is highly associated with the induction of adventitious roots by means 

of auxins and type of substrates. The objective of this study was to evaluate the rooting of P. nigrum cv. Bragantina cuttings treated 

or not with indole-3-butyric acid (IBA) in different substrates. The experiment was conducted in a randomized block design 

following a factorial 2 x 11 scheme (IBA – 0 and 4000 mg kg-1 in talc and 11 substrates), with four repetitions of 16 cuttings each. 

The auxin increased rooting and improved the quality of the root system. The substrates evaluated presented diverse physical, 

chemical and microbiological characteristics, interfering significantly in the rooting responses. Substrates (d) - soil + limestone + 

single superphosphate + potassium chloride + chicken manure and (i) - soil + coffee straw + limestone + single superphosphate are 

the ones recommended for rooting of pepper cv. Bragantina. 

 

 Key words: Piper nigrum L., vegetative propagation, indole-3-butyric acid, substrates, rooting. 

Abbreviation: IBA_ indole-3-butyric acid, IBGE_ Instituto Brasileira de Geografia e Estatística, KIN_ kinetin, GA3_ gibberellic 

acid, NAA_ naphthaleneacetic acid, OM_ organic matter, HS_ humic substances, FA_ fulvic acids, HA_ humic acids, H+-ATPase_ 

proton pump (enzyme), MAPA_ Ministério da Agricultura Pecuária e Abastecimento, TP_ total porosity, AS_ aeration space, WA_ 

water availability, WR_ water remainder. 

  

Introduction 

 

The black pepper (P. nigrum L.) is 

a perennial woody vine species largely traded worlwide as 

condiment, medicinal purposes, and other uses such as  

as phytolarvicides in control of dengue insect (Aedes aegypti) 

(Simas et al., 2007; Grzybowski et al., 2012). Despite the 

high number of catalogued varieties (around 51) by Mathew 

et al. (2001) in India, in Brazil, the production relies on the 

Bragantina variety, mainly in pepper nurseries of northern 

Espírito Santo state. The black peppercorm production in this 

state was about 7.640 tonnes in 2015 (TV Gazeta, 

2015), representing around 14.46% of the total brazilian 

production, with the highest national income (IBGE, 2015). 

The current price of black pepper kilogram is approximately 

US$7.6. 

The implementation costs of black pepper orchards are 

relatively high, which implies on the use of superior varieties 

and high phytosanitary quality of propagative material. 

However, the low quality of root systems and rates of rooting 

responses, and the low quality of planting material, remain as 

the main dissatisfaction reasons for black pepper growers. 

Vegetative propagation by means of rooting cuttings is the 

main means to generate planting material for black pepper 

(Abassi et al., 2010).  In this sense, auxin has proven hability 

to stimulate Therefore, auxins like IBA has proven 

stimulation on rhizogenesis in the species (Secundino et al., 

2014). 

Another important issue involved in generating high-

quality propagative material is the quality of the substrate, 

especially regarding their chemical, physical and 

microbiological characteristics. It is essential to be free of 

pathogens and seeds of weeds. This way, the substrate should 

sustain plant growth by providing nutrients, and have 

sufficient porosity to enable adequate aeration to the root 

system and good drainage, while maintaining adequate 

moisture for plant growth (Zietemann & Roberto (2007). 

There are several commercial substrates for the production of 

plantlets of different species, however, burden production 

leading nurseries to produce their own substrate. However, 

there are few studies aiming at evaluating optimal substrate 

composition or to validate existing ones in the production of 

black pepper plantlets. The objective was to verify the 

rooting responses of the black pepper cv. Bragantina cuttings 

as affected by the presence or absence of IBA, in different 

substrates used by nurseries. 

https://en.wikipedia.org/wiki/Perennial_plant
https://en.wikipedia.org/wiki/Woody_plant
https://en.wikipedia.org/wiki/Vine
https://en.wikipedia.org/wiki/Tonnes
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Results and Discussion 

 
Rizogenesis: effect of auxin 

 
Black pepper cuttings from cultivar Bragantina exposed or 

not to IBA (4000 mg kg-1 in talc) showed 76.63 and 27.75% 

rooting, respectively (Table 3A). Total immersion of the 

cuttings in IBA (4000 mg kg-1 in talc) was recommended for 

the Iaçará and Guajarina cultivars, whereas for cultivar 

Bragantina it was recommended only the immersion of the 

basal region of the cuttings (Secundino et al., 2014). Serrano 

et al. (2012) used IBA (2000 mg kg-1) in the clonal 

production of the cultivars Guajarina, Iaçará and Cingapura. 
Some commercial growth regulator formulations  such as  

Serradix® (Cardoso, 1961; Anandaraj and Sarma, 1994), 

Vigortone® (Cardoso, 1961) and and Stimulate® [kinetin - 

KIN (0.09 g L-1) + gibberellic acid - GA3 (0.05 g L-1) + IBA 

(0.05 g L-1)] or auxins like  naphthaleneacetic acid - NAA (50 

mg L-1), beta-indoleacetic acid (50 mg L-1) (Leite & 

Inforzato, 1966), IBA (50 mg L-1) (Thanuja et al., 2002), IBA 

(2000 mg kg-1 in talc) (Serrano et al., 2012), IBA (Secundino 

et al., 2014)  were used to promote rooting of cuttings P. 

nigrum.   

The auxins increased the sugar content of the cuttings 

which improved rooting hability (Agulló-Antón et al., 2011). 

According to Husen & Pal (2007) the IBA activates the 

metabolism of sugars and releases energy, protein and 

increases the activity of peroxidases necessary for cell 

division and differentiation at the initiation of root primordia. 

The rooting of olive cuttings treated with IBA (2000 mg L-1) 

was 76% and coincided with the greatest concentration of 

soluble sugars, especially glucose and less starch (Denaxa et 

al., 2012). 

The IBA induced average 1.61 nodal roots and its absence 

in 0.57 by nodal cutting roots (Table 3A). This may be 

related the injury on the basis of P. nigrum cuttings which 

stimulated phenolic oxidation and causing necrosis and death 

of some tissue in this region lessening rooting responses. 

Nodal cuttings of Bambusa vulgaris had greater rooting 

percentages when exposed to IBA (8000 mg L-1) (Islam et al., 

2011). In the absence of nodal roots, only the basal root 

system was able to maintain the continued growth of the bud 

(Thomas & Hay, 2010). The development of axillary buds 

was positively regulated by a signal from the roots (ex.: 

cytokinin synthesis as zeatin and zeatin riboside) of ryegrass 

(Wang et al., 2014). Therefore, the root node produced in the 

stem near the axillary bud establishes a more effective 

connection system for transporting water, nutrients, organic 

compounds and plant growth regulators such as cytokinins. 

 

Rizogenesis: substrates effect 

 

Among the substrates studied rooting percentages ranged 

from 46.09% for substrate (j) and 67.96% for (k) (Table 3B), 

which resulted in loss of cuttings from 53.91 to 32.04%, 

respectively. Other substrates, such as (j) and (c) led to low 

rhizogenesis (Table 3B). The explanation may rely in the 

least amount of organic matter - OM (0.9 e 1.4 dag kg-1, 

respectively) (Table 1). Prezotti et al. (2007) considered the 

values of <1.5; 1.5-3.0 and >3.0 dag dm-3 OM as low, 

medium and high levels of OM, respectively. The OM 

consists of humic substances (HS) as fulvic acids (FA) and 

humic acids (HA), where the latter has auxin-like activity 

(O'Donell, 1973). Auxinic groups in the structure of HA 

indicates a relationship between the induction and activation 

of plasma membrane H+-ATPase with hormonal activity of 

AH (Façanha et al., 2002). However, there was no statistical 

difference between the substrates studied on the number of 

nodal roots and therefore all belong to a single group (Table 

3B).  

 

Rizogenesis: effect of IBA x substrate interaction 
 

For the number of basal and total roots, nodal length, total 

volume and total dry mass of roots, there was a significant 

interaction between the use of different substrates and IBA. 

In this case, it turns on all substrates in the formation, growth 

in size, volume and mass of the total roots and the use of 

auxin was greater than its absence (Table 4). Among the 

substrates that have a higher number of basal and total roots, 

(d) presented pH 6.3 (Table 1). According to Abreu et al. 

(2012), the pH range generally recommended for most 

cultures is from 5.0 to 6.5. This is related to the adequate 

availability of nutrients and the subsequent physiological 

vigor of the plantlets. 

The substrates (e) and (i) with higher levels of OM 2.7 and 

2.4 dag kg-1, respectively (Table 1) were those with the 

highest basal respiration rates (Figure 1). According to Silva 

et al. (2012), the basal respiration is a soil quality indicator 

for the presence of microorganisms, expressing the metabolic 

activity of the living fraction of the microbial biomass. This 

increase in metabolic activity can be attributed to 

dehydrogenases stimulated by organic substrate material 

(Garcia et al., 1997).  

In guava, the highest of rooting rates were associated with 

the P content (average 110 mg dm-³) of the substrates (Batista 

et al., 2011), which may partly explain the low rooting in the 

substrate (e), probably due to the low content of this element 

(41.4 mg dm-3 P). The substrate (i) has high values of root 

dry matter (Table 4), and this can be correlated to the 

presence of humic acids (HA) and the high content of P 

(292.2 mg dm-3) (Table 1).  

Corn seedlings showed an increase in the number of mitosis 

and lateral roots in treatment HA (Aguiar et al., 2009). 

According to these authors, the activity of plasm membrane 

H+-ATPase increases by the action of HA. Cuttings 

Codianeum variegatum L. Rumph e Hibiscus rosa-sinensis L. 

as treated with 579 and 970 mg L-1 IBA and 14 and 50 mmol 

L-1 C HA it was those that promote greater dry matter 

accumulation in the root system, respectively (Baldotto et al., 

2012).  

The length of the roots of cv. Bragantina was stimulated by 

the presence of IBA (4000 mg kg-1), regardless the substrate 

(Table 4). The substrate (i) and (f) had a higher mean of 

particle diameter (Table 2B), whereas substrate (i) also had 

the largest total porosity, lower density, larger air space 

(Table 2A) and basal respiration (Figure 1).  

The total volume of roots in planted cuttings, all substrates, 

was statistically favored by IBA, highlighting substrates (d) 

and (i) (Table 4). However, the root volume was lower in 

cuttings planted in substrate (j), which was also less effective 

in promoting basal root (Table 4). This substrate has features 

like low pH, low OM (Table 1), lower basal respiration 

(Figure 1) and less water available (Table 2A). The low 

quality of the root system in the substrate (j) could also be 

linked to a deficiency of soil amendments, for example, 

limestone in its composition. The substrate (j) had the lowest 

amount of base saturation (77.1%) (Table 1). In the 

production of seedlings of Psidium guajava L., limestone 

benefited the root system, increasing the length in a dose-

dependent manner according to the dose escalation (Prado & 

Natale, 2004).  

The dry weight of roots for cv. Bragantina with IBA (4000 

mg kg-1)  ranged  from 0.168 g for substrate (j) to 0.505 g for  
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Table 1. Chemical analysis of the substrates used in the black pepper cultivar Bragantina nurseries.  

Chemical 

analysis  

Substrates 

a b c d e f g h i j k 

pH (H2O)1 

m
g

 d
m

-3
 

7.7 7.1 7.0 6.3 7.4 6.9 6.5 7.1 7.2 5.4 6.9 

P2O5
2 74.1 285.8 301.6 226.5 41.4 190.9 287.8 279.8 292.2 285.6 64.0 

K2O
2 539 924 891 352 1529 385 1463 946 671 616 572 

Na2 22 99 198 55 11 11 121 110 88 110 44 

Fe2 38 24.6 44.2 47.4 52.6 77.7 55.3 31.8 37.7 89.5 51.2 

Cu2 0.1 1.9 0.8 1.0 0.8 0.1 0.4 8.7 0.7 0.1 0.1 

Zn2 5.0 7.8 17.3 5.9 2.0 1.0 3.0 39.2 10.7 3.4 1.9 

Mn2 10.9 10.5 26.3 28.6 5.5 8.3 8.0 37.8 103.0 21.4 22.5 

Ca3 

cm
o

l c
 d

m
-3

 

           

3.5 2.7 7.3 4.6 2.9 5.8 2.3 3.5 5.8 5.5 2.6 

Mg3 1.4 1.1 1.7 1.1 1.5 0.8 2.1 2.4 1.1 1.3 0.8 

Al3 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.3 0.1 

H+Al4 0.2 0.7 1.0 1.0 0.8 0.7 1.5 0.2 0.2 2.6 0.2 

SB 6.4 6.7 12.1 6.8 8.4 7.6 8.6 8.8 9.0 8.9 5.1 

CTC (t) 6.5 6.7 12.2 6.9 8.4 7.7 8.8 8.8 9.1 9.1 5.1 

CTC (T) 6.6 7.3 13.1 7.8 9.2 8.3 10.1 9.0 9.2 11.5 5.2 

OM5 d
a

g
 

k
g

-1
 2.0 1.4 1.4 1.6 2.7 1.2 1.4 0.9 2.4 0.9 1.2 

Sat. Ca 

%
 

53.5 37.5 55.4 58.3 31.7 69.9 22.9 39.0 63.1 48.0 50.2 

Sat. Mg 21.6 15.3 13.1 14.5 16.3 9.7 20.3 26.8 12.3 11.4 15.0 

Sat. K 20.9 32.3 17.4 11.5 42.5 11.9 36.9 27.0 18.7 13.7 27.9 

M 0.8 0.7 0.4 0.7 0.6 0.7 1.7 0.6 0.6 2.7 1.0 

V 97.5 91.0 92.5 87.4 91.0 92.0 85.3 98.2 98.2 77.1 96.9 

Legend: 1pH in H2O 1:2,5; 2Extractor: Mehlich 1; 3Extractor: KCl 1 mol L-1; 4Titration; 5Colorimetric. Substrates: (a) soil C horizon + limestone + single superphosphate + 

cattle manure; (b) soil C horizon + limestone + single superphosphate + chicken manure; (c) soil C horizon + limestone + single superphosphate + potassium chloride + 

cattle manure; (d) soil C horizon + limestone + single superphosphate + potassium chloride + chicken manure; (e) soil C horizon + coffee trashing residues; (f) soil C 

horizon + coffee trashing residues + limestone + single superphosphate; (g) soil C horizon + coffee trashing residues + single superphosphate + cattle manure; (h) soil C 

horizon + coffee trashing residues + limestone + single superphosphate + cattle manure; (i) soil C horizon + coffee straw + limestone + single superphosphate; (j) soil C 

horizon + coffee straw + single superphosphate + cattle manure; (k) soil C horizon + coffee straw + limestone + single superphosphate + cattle manure). 

 

 
Fig 2. Basal respiration (mg C-CO2 mg-1 substrate) the substrates (a-k) used in the black pepper nurseries located in the North 

Espírito Santo. Substrates: (a) soil C horizon + limestone + single superphosphate + cattle manure; (b) soil C horizon + limestone + 

single superphosphate + chicken manure; (c) soil C horizon + limestone + single superphosphate + potassium chloride + cattle 

manure; (d) soil C horizon + limestone + single superphosphate + potassium chloride + chicken manure; (e) soil C horizon + coffee 

trashing residues; (f) soil C horizon + coffee trashing residues + limestone + single superphosphate; (g) soil C horizon + coffee 

trashing residues + single superphosphate + cattle manure; (h) soil C horizon + coffee trashing residues + limestone + single 

superphosphate + cattle manure; (i) soil C horizon + coffee straw + limestone + single superphosphate; (j) soil C horizon + coffee 

straw + single superphosphate + cattle manure; (k) soil C horizon + coffee straw + limestone + single superphosphate + cattle 

manure).  

 

A B 

D E 

G H 
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Table 2. Physical analysis (PA) and diameter distribution of particles (DDP) of the substrates used in nurseries of the black pepper 

cultivar Bragantina. 

PA 

Substrates TP AS ESW BW WA WR 100 

cm 

Wet 

density 

Dry 

density 

   -------------------------------%-----------------------

-------- 

--------------kg m-3-------

--- 

A 49 10 12 05 17 21 1000 900 

B 48 09 11 03 14 25 1000 900 

C 47 06 11 04 14 27 1100 1100 

D 48 07 12 06 18 23 1300 1200 

E 49 14 07 02 10 24 900 800 

F 47 09 10 04 14 24 900 800 

G 47 10 10 03 13 24 900 900 

H 49 03 08 05 13 32 1300 1100 

I 54 12 09 05 14 18 900 800 

J 52 19 09 02 12 20 1100 1000 

K 43 07 14 05 18 28 1100 1100 

DDP (mm) 

Substrates < 0.25 
0.25-

0.50 

0.50-

1.00 

1.00-

2.00 
2.00-4.75 > 4.75 APD  

 ---------------------------------------------------------%------------------------------------------  

a 9.4 15.8 23.8 24.2 15.2 11.3 1.73  

b 9.8 17.9 24.9 24.6 17.1 5.4 1.49  

c 19.6 20.1 20.1 15.0 14.5 10.5 1.49  

d 18.8 25.8 24.1 14.2 11.8 5.1 1.18  

e 5.2 14.2 27.7 22.8 15.7 14.2 1.82  

f 5.6 10.8 18.3 22.6 24.1 18.3 2.22  

g 8.5 13.7 19.4 22.0 22.1 14.0 1.97  

h 32.8 24.2 20.6 12.0 8.1 2.0 0.88  

i 8.6 10.5 16.1 24.0 23.3 17.1 2.15  

j 4.6 10.8 24.8 27.4 22.7 9.48 1.87  

k 17.8 26.3 25.9 15.2 10.1 4.4 1.12  
 Legend: TP: Total porosity; AS: Aeration space; EAW: Easily available water; BW: Buffering water; WA: Water available; WR: Water remainder; APD: Average particle 

diameter. Substrates: (a) soil C horizon + limestone + single superphosphate + cattle manure; (b) soil C horizon + limestone + single superphosphate + chicken manure; (c) 

soil C horizon + limestone + single superphosphate + potassium chloride + cattle manure; (d) soil C horizon + limestone + single superphosphate + potassium chloride + 

chicken manure; (e) soil C horizon + coffee trashing residues; (f) soil C horizon + coffee trashing residues + limestone + single superphosphate; (g) soil C horizon + coffee 

trashing residues + single superphosphate + cattle manure; (h) soil C horizon + coffee trashing residues + limestone + single superphosphate + cattle manure; (i) soil C 

horizon + coffee straw + limestone + single superphosphate; (j) soil C horizon + coffee straw + single superphosphate + cattle manure; (k) soil C horizon + coffee straw + 

limestone + single superphosphate + cattle manure). 

 

Table 3. (A) Rooting (%) basal or nodal cuttings and mean number of adventitious in nodal cuttings treated or not with IBA and (B) 

Rooting (%) basal or nodal cuttings and number of nodal roots on different substrates, the black pepper cv. Bragantina.  

(A) 

                                      IBA (mg kg-1) 

Variables Presence (4000) Absence  

Rooting basal or nodal (%)      76.63 a*(1) 27.75 b 

Number of nodal root   1.61 a   0.57 b 

(B) 

 Substrates 

Variables a b c d e f g h I j k 

Rooting basal or nodal (%) 59.96          

a*(2) 

57.42 a 50.19 b 64.06 a 53.90 b 58.98 a 47.46 b 58.20 a 66.21 a 46.09 b 67.96 a 

Number of nodal root 1.27 

A 

1.98 

a 

1.69 

a 

1.42 

a 

1.55 

A 

1.58 

A 

1.32 

A 

1.37 

a 

2.04 

a 

1.42 

a 

1.21 

a 
*
Means followed by the same letter on the line do not differ in level of p≤0.05 by Tukey(1) test and grouping of Scott-Knott(2). Substrates: (a) soil C horizon + limestone + 

single superphosphate + cattle manure; (b) soil C horizon + limestone + single superphosphate + chicken manure; (c) soil C horizon + limestone + single superphosphate + 

potassium chloride + cattle manure; (d) soil C horizon + limestone + single superphosphate + potassium chloride + chicken manure; (e) soil C horizon + coffee trashing 

residues; (f) soil C horizon + coffee trashing residues + limestone + single superphosphate; (g) soil C horizon + coffee trashing residues + single superphosphate + cattle 

manure; (h) soil C horizon + coffee trashing residues + limestone + single superphosphate + cattle manure; (i) soil C horizon + coffee straw + limestone + single 

superphosphate; (j) soil C horizon + coffee straw + single superphosphate + cattle manure; (k) soil C horizon + coffee straw + limestone + single superphosphate + cattle 

manure). 
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Table 4. Shottings cuttings (%), number basal of the root, number total of the root, basal length of the root (cm), nodal length of the 

root (cm), total volume of roots (cm3), total dry massa of root (mg) of black pepper cv. Bragantina, in the presence and absence of 

IBA, substrates used for nursery. 

Variables  Substrates 

 IBA (mg kg-1) a b c d e f 

 

 

SC (%) 

0 61.71 Aa* 59.3 Aa 64.0 Aa 41.4 Ab 71.48 Aa 58.5 Aa 

4000 28.1 Ba 9.3 Bb 7.0 Bb 9.7 Bb 9.3 Bb 7.8 Bb 

IBA (mg kg-1) g h i j k  

0 45.7 Ab 64.8 Aa 62.5 Aa 35.9 Ab 48.4 Ab  

4000 9.3 Bb 33.5 Ba 33.2 Ba 10.9 Bb 0.0 Bc  

 CV (%) 22.60 

 IBA (mg kg-1) a b c d e F 

 

 

NBR 

0 0.3 Bc 0.3 Bc 0.05 Bc 0.5 Bc 0.3 Bc 0.1 Bc 

4000 11.2 Aa 8.0 Ab 6.2 Ac 13.3 Aa 10.91 Aa 10.7 Aa 

IBA (mg kg-1) g h i j k  

0 0.0 Bc 0.2 Bc 0.8 Bb 0.1 Bc 3.2 Ba  

4000 8.7 Ab 11.2 Aa 13.5 Aa 5.1 Ac 11.6 Aa  

 CV (%) 18.59 

 IBA (mg kg-1) a b c d e f 

 

 

NTR 

0 0.7 Bb 0.6 Bb 0.5 Bb 0.7 Bb 0.4 Bb 0.78 Bb 

4000 12.5 Ab 11.5 Ab 8.9 Ac 15.7 Aa 13.4 Ab 13.28 Ab 

IBA (mg kg-1) g h i j k  

0 0.4 Bb 0.5 Bb 1.0 Bb 0.4 Bb 3.7 Ba  

4000 10.9 Ab 13.3 Ab 17.4 Aa 7.0 Ac 13.5 Ab  

 CV (%) 16.70 

 IBA (mg kg-1) a b c d e f 

 

 

BLR (cm) 

0 0.7 Bb 0.7 Bb 0.2 Bb 1.5 Bb 0.9 Bb 0.43 Bb 

4000 8.5 Ab 8.1 Ab 7.6 Ab 10.7 Aa 9.1 Ab 8.42 Ab 

IBA (mg kg-1) g h i j k  

0 0.0 Bb 1.1 Bb 1.8 Bb 0.2 Bb 3.4 Ba  

4000 7.5 Ab 8.8 Ab 10.0 Aa 4.4 Ac 10.4 Aa  

 CV (%) 20.98 

 IBA (mg kg-1) a b c d e f 

  

 

NLR (cm) 

0 1.3 Ba 1.7 Ba 1.1 Ba  0.9 Ba 0.4 Ba 1.77 Ba 

4000 5.3 Ab 6.3 Ab 6.8 Ab 8.3 Aa 5.7 Ab 6.9 Ab 

IBA (mg kg-1) g h i j k  

0 0.5 Ba 0.49 Ba 1.2 Ba 0.9 Ba 2.0 Ba  

4000 6.4 Ab 6.3 Ab 8.2 Aa 4.6 Ab 6.5 Ab  

 CV (%) 28.49 

 IBA (mg kg-1) a b c d e f 

 

 

TVR (cm3) 

0 0.3 Bb 0.3 Bb 0.1 Bb 0.3 Bb 0.2 Bb 0.39 Bb 

4000 3.7 Ab 4.3 Ab 3.6 Ab 5.1 Aa 4.2 Ab 4.05 Ab 

IBA (mg kg-1) g h i j k  

0 0.6 Bb 0.4 Bb 0.3 Bb 0.2 Bb 1.5 Ba  

4000 3.6 Ab 3.9 Ab 5.2 Aa 2.0 Ac 3.9 Ab  

 CV (%) 24.79 

 IBA (mg kg-1) a b c d e f 

 

 

TDMR 

(mg) 

0 32.5 Ba 22.5 Bb 4.3 Bd 35.0 Ba 17.5 Bb 37.5Ba 

4000 345.0 Ab 373.7 Ab 276.2 Ac 505.6 Aa 343.7 Ab 398.75 Ab 

IBA (mg kg-1) g h i j k  

0  13.1 Bc 22.5 Bb 38.1 Ba 22.5 Bb 18.2 Bb  

4000 379.3 Ab 309.3 Ac 460.7 Aa 168.1 Ad 408.1 Ab  

 CV (%) 20.11 
*
Means followed by the same letter, lowercase and uppercase on the line in the column, do not differ in level p≤0.05 for the assembly test Scott-Knott e Tukey, 

respectively. Legend: EB. Shottings cutting; NBR. Number basal of the root; NTR. Number total of the root; BLR. Basal length of the root; NLR. Nodal length of the root; 

TVR. Total volume of roots (cm3); TDMR. Total dry massa of root (mg). Substrates: (a) soil C horizon + limestone + single superphosphate + cattle manure; (b) soil C 

horizon + limestone + single superphosphate + chicken manure; (c) soil C horizon + limestone + single superphosphate + potassium chloride + cattle manure; (d) soil C 

horizon + limestone + single superphosphate + potassium chloride + chicken manure; (e) soil C horizon + coffee trashing residues; (f) soil C horizon + coffee trashing 

residues + limestone + single superphosphate; (g) soil C horizon + coffee trashing residues + single superphosphate + cattle manure; (h) soil C horizon + coffee trashing 

residues + limestone + single superphosphate + cattle manure; (i) soil C horizon + coffee straw + limestone + single superphosphate; (j) soil C horizon + coffee straw + 

single superphosphate + cattle manure; (k) soil C horizon + coffee st 
 

substrate (d), averaging 0.360 g by cutting (Table 4). In 

descending order the dry mass of roots in cuttings of the 

black pepper cultivars treated with IBA (2.0 g kg-1 in talc) it 

was cvs. Guajariana (2.12 g) > Iaçara (1.42 g) > Cingapura 

(0.56 g) (Serrano et al., 2012). This shows the inferiority of 

cv. Bragantina in relation to cvs. Guajarina and Iaçará the 

quality of the root system.  Use of plant waste or organic 

compounds on the substrate porosity increases, allowing 

rapid flow of water, preventing low oxygenation to the roots 

(Arruda et al., 2007). Possibly the poor drainage in the 

substrates (c) (27% de AR 100 cm) and (h) (32% de AR 100 

cm) coupled with reduced space aeration 6 e 3% (Table 2A), 

respectively, have contributed to the poor quality of the root 

system in these substrates (Table 4). The substrate (j), 

regardless the presence of IBA, enabled less than 10% 

budding (Table 4), confirming the poor performance of this 
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substrate in the production of plantlets of cv. Bragantina, to 

also consider that did not promote good rooting. Conversely, 

the substrate (k) led to lack of budding in cuttings, however 

in relation to rooting was always present in the group with the 

best responses, even without the use of IBA (Table 4). The 

substrate (k), most likely was the biochemical degradation of 

caffeine by microorganisms present in the soil coffee straw, 

which degrade the alkaloid (Sundar-Raj & Dhala, 1965), for 

example, by the action of the bacterium Pseudomonas putida 

(Burr & César, 1984), as basal respiration this substrate was a 

major (Figure 1). The existing alkaloid caffeine in coffee 

husk, whose molecule has the ability to store nitrogen 

(Mazzafera et al., 1996), which will be available for inclusion 

in the C/N ratio. The substrates (d), (i) and (k) led to better 

quality of roots linked to the basal respiration with low, high 

and high metabolic activities, respectively (Figure 1). 

Although the microbial activity was different when compared 

with the substrate (d) and (k) and (i), possibly in the types 

(d), (i) and (k) the number and types of microorganisms can 

be positively influence the quality of the root system. 

Although the microbial activity has been different if 

compared to the substrate (d) with (i) and (k), possibly in (d) 

time and (i) and (k), the number and type of microorganisms 

can positively influence the quality of the root system. 

Brunetta et al. (2007) verified from the 99 tested strains of P. 

taeda, six (UFV AL9, UFV-AM5, UFV-AM2, UFV-F3, 

UFV-G2 and UFV-G4) stood out due to their capacity of 

stimulating the growth and quality improvement seedlings. 

Significant differences were not observed between the control 

and the other tested strains. Mafia et al. (2009) verified the 

interaction among isolates of rhizobacteria and Eucalyptus 

species for seed germinating and seedling growth. MF2 

(Pseudomonas sp.) was the best rhizobacteria isolate for 

growth promotion of E. cloeziana e E. grandis. S1 (Bacillus 

subtilis) was the most effective for E. globulus, and Ca 

(Pseudomonas fulva), MF2 (Pseudomonas sp.), CIIb 

(Stenotrophomonas maltophilia) and S2 (B. subtilis) were the 

most promising isolates for the E. urophylla. Microorganisms 

in the soil are influenced by the changes in pH, moisture, 

aeration, temperature and nutrient availability in the isolated 

effect or the sum of these factors (Rodrigues et al., 2011). 

The substrates (c) and (j) often appeared in the groups with 

the worst performance in the quality of the root system 

showed very different rates in basal respiration rates. The 

substrate (c) presented respiration rate almost triple the one 

by substrate (j) (Figure 1). 

 

Materials and Methods 

 

Location of nurseries in the north of the Espírito Santo 

 

The experiment was conducted under greenhouse conditions 

in the municipality of São Mateus, located in Espírito Santo 

state. Eleven different substrate compositions derived from 

eleven nurseries in the municipalities of Rio Bananal (2), 

Jaguaré (2), Vila Valério (1) and São Mateus (6), all located 

in northern Espírito Santo. 

 

Chemical and physical analysis of the substrates 

 

Chemical analysis of the substrates was performed as 

recommend by Silva (2009) and physical analysis in 

accordance to MAPA (2007) (Table 2A and B). Physical 

analysis they determined the water content retained in stress 

0; 10 e 100 hPa. Then the samples were dried at glasshouse 

105 ºC, of 24 h, and weighed to obtain the water content in 

each sample, and the dry density of the substrates. It was also 

determined the total porosity (TP), aeration space (AS), 

expressed as the the difference between total porosity and the 

volume of water held in tension 10 hPa; water availability 

(WA), expressed as the volume of water between the voltages 

10 hPa and 100 hPa; water remainder (WR) expressed as the 

volume of water in the material after being subjected to 

tension 100 hPa (MAPA, 2007) (Table 2A). The diameter of 

the dried particles was determined by sieving the samples, for 

10 minutes, through 0.50; 1.00; 2.00; 4.00 e 7.93 mm 

opening mesh sieves, featuring the fractions smaller and more 

influence on the properties of the substrates (Table 2B). 

 

Microbiological analysis 

 
Microbiological testing was indirectly assessed by means of 

basal respiration using the methodology described by 

Mendonça & Matos (2005) (mg C-CO2 mg-1 in substrate). 

 

Plant materials 

 
The cuttings used in the experiment were collected from adult 

(3.5-year-old) donor plants of black pepper cultivar 

Bragantina, in São Mateus-ES. The cuttings were treated with 

fungicide Carbendazim®, at the concentration of 1 mL L-1 of 

the commercial product, and then half amount of the cuttings 

were exposed to received IBA the powder formulation of 

IBA at 4000 mg kg-1 in talc (Secundino et al., 2014); the 

other half remained without application of auxin. The 

cuttings were further planted in trays of cells with the 

respective substrates. 

 
Measured characteristics 

 
They evaluated the number of cuttings which have lost the 

leaf after 105 days after planting; survival percentage (%); 

percentage of cuttings sprouted (%); rooting (in any position, 

either basal or nodal), rooting basal and nodal (%); number of 

total basal and nodal roots; length of the largest basal and 

root nodal (cm); total volume of roots (cm3), and root dry 

weight (mg). 

 
Statistical analysis 

 
The experiment was conducted in a randomized block design 

in a factorial 2 x 11 (IBA: absence and presence (4000 mg 

kg-1 in talc) x substrates: 11), with four replications of 16 

cuttings each, constituting of 64 cuttings per treatment. 

Rooting data were subjected to analysis of variance and 

treatment means in relation to absence and presence of IBA 

and different substrates were compared by the test Tukey and 

average grouping Scott-Knott, respectively at p≤0.05. The 

percentage data were transformed to arc-sine √x/100. 

Analyses were performed using the program Genes (Cruz, 

2013). 

  

Conclusions 

 
Rooting responses and quality of the root system were 

significantly improved by the use of IBA. The substrates 

showed distinct physical, chemical and microbiological 

chraracteristics, interfering significantly in the rooting 

responses. The substrates (d) and (i) are recommended for 

rooting of pepper cv. Bragantina. 
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