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Abstract 
The coffee seeds are problematic for the physiologycal quality, featuring low speed of seedling em- 
ergence. In this sense, this work was developed with the objective of evaluating the effect of so-
dium hypochlorite in the removal of the parchment and in the emergence and seedlings develop-
ment of conilon coffee in nursery conditions. Coffee seeds of the variety Victoria were used, which 
were harvested in the cherry stage and pulped by hand. Seeds were dried in an oven with forced 
ventilation until reaching moisture contents of 35%, 30% and 25% wet basis. Then, the seeds with 
parchment were soaked in a sodium hypochlorite solution with concentrations of 4%, 5%, 6% and 
7% active chlorine for 3 and 6 hours. For each moisture content, two additional treatments were 
added consisting of seeds with parchment and seeds in which the structure was removed manual-
ly. The characteristics evaluated were: emergence speed index, total emergence, dry mass of the 
shoots and root system. Utilization of sodium hypochlorite promoted an acceleration in seedling 
emergence speed similar to the method for manual removal of the parchment when using con- 
centrations of 4%, 5%, 6% and 7% for 3 hours, at all moisture contents. 
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1. Introduction 
World coffee production is distributed among many countries and the Brazil has always occupied a prominent 
position in this activity as a major world producer and exporter [1]. In Brazil two main species are produced on 
the large scale: Coffea arabica and Coffea canephora [2]. Brazilian conilon coffee (Coffea canephora) is of 
great importance in exportation, in industrialization as a roasted coffee and ground in blends with arabica coffee, 
and especially in industrialization as instant coffee. 

However, seeds of this species present slow and uneven germination, in the field conditions [3]. Rapid loss of 
viability of these seeds together with the low rate of emergence affects planning of seedling production to meet 
demands at times most suitable for good plant growth [4].  

Presence of the endocarp, a thin, hard and leather-like hull, known as the parchment, is one of the causes for 
slow germination of coffee seeds. However, the real cause of inhibition of this structure is not known. Accord-
ing to [5], this inhibition is not due to insufficient absorption of water, but a resistance mechanism imposed by 
the parchment on the developing embryo. [6] concluded that removal of the parchment successfully accelerated 
the emergence of seedlings in nursery conditions. The removal of this structure must be performed with care to 
avoid damaging the embryo, which is located in a very shallow layer of the seeds. Mechanical removal often 
causes damage to the embryo in seeds of conilon coffee [7]. However, manual removal, although highly effi-
cient, is a laborious procedure, especially when handling large quantities of seed since the parchments are re-
moved individually.  

Thus, the development of an efficient, practical and inexpensive technique that can remove the parchment 
would be of great benefit to growers and nursery operators. [8] concluded that immersion of arabica coffee seeds 
with moisture content of 28.14% in 5% sodium hypochlorite for 6 hours, effectively degraded the parchment 
without harming the embryo. [9] showed that seedlings grown from seeds of arabica coffee with moisture con-
tents of 23%, 28% and 33%, subjected to a sodium hypochlorite solution at concentration of 4% for 3 hours 
showed similar emergence speeds to those that were obtained by manual removal of the parchment.  

Work performed by [7] showed that soaking seeds conilon, with moisture content of 25%, 30% and 35%, in 
sodium hypochlorite at concentration of 6% for 3 hours was effective in degradation of parchment, providing 
ideal laboratory conditions, similar germination manual removal of the parchment. Thus, it is extremely inter-
esting to investigate the influence of sodium hypochlorite on seedling emergence of conilon coffee, since there 
is a lack of information for this species. 

Based on these facts, the objective of the present study was to evaluate combinations of sodium hypochlorite 
concentrations and immersion times on removing the parchment and in accelerating the emergence and devel-
opment of conilon coffee plants in nursery conditions. 

2. Materials and Methods 
The experiments were performed used conilon coffee seeds, Victoria variety, obtained from fruits harvested in 
the cherry stage. For extraction of the seeds, the fruits were pulped manually. Then the seeds were dried in an 
oven with forced ventilation at 36˚C until reaching moisture contents of 35%, 30% and 25% wet basis.  

To check the degradation of parchment, 250 seeds were imbibed with this structure in 125 mL of aqueous so-
lution of sodium hypochlorite at concentrations of 4%, 5%, 6%, and 7% of active chlorine for periods of 3 and 6 
hours. For this, the seeds were placed in germination boxes using the screens of these boxes for all seeds re-
mained immersed in the solution. The germination boxes were capped and kept in a BOD chamber at a constant 
temperature of 25˚C in the dark, where they remained for the periods for each treatment [10]. Then the seeds 
were washed in running water. Were added for each moisture content, two additional treatments consisting of 
intact seeds and seeds without parchment scroll manually removed. 

After applying the different treatments, the seeds were taken to a greenhouse and planted directly in perfo-
rated polyethylene bags measuring 10 × 20 cm, containing the Plantmax substrate and placing one seed at a 
depth of 2 cm in each bag. The bags were then covered with a layer of dry grass clippings to maintain moisture 
in the substrate, to prevent that the impact of irrigation water remove the substrate from the seeds and hinder the 
development of weeds. Irrigation was performed daily. 

Effects of the treatments were evaluated by the following characteristics: 

2.1. Emergence Speed Index (ESI) 
Counting of emerged seedlings was carried out at five day intervals from emergence of the first seedling to de-
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velopment of the cotyledons. Was used for calculation the formula proposed by [11]: 

1 1 2 2 n nESI E N E N E N= + + +  

where: 
ESI: emergence speed index; 
E1, E2, En: number of seedlings in the first, second and nth evaluation; 
N1, N2, Nn: number of elapsed days from sowing to first, second and nth evaluation. 

2.2. Total Emergence 
The percentage of total seedling emergence was determined by counting the number of normal seedlings em- 
erged in the last assessment of the ESI. 

2.3. Dry Mass of the Shoot and Root Systems 
Upon completing the emergence test, the seedlings were removed from the substrate, washed and the shoots and 
roots were separated and placed in paper bags for drying during 72 hours in an oven at 70˚C with forced air cir-
culation. Weighing was performed on a precision scale before and after drying, where the results are expressed 
in milligrams per plant (mg∙plant−1). 

2.4. Statistical Analysis 
A randomized block experimental design was adopted with four repetitions in a 3 × 4 × 2 + 6 factorial, i.e., three 
degrees of initial moisture content, four concentrations of sodium hypochlorite, two immersion times and six 
additional treatments (intact seeds with parchment and seeds in which the parchment was removed manually for 
each moisture content). The experimental data were subjected to analysis of variance. For quantitative variables 
regression analysis was performed. For each moisture content, the treatments obtained from the combinations of 
sodium hypochlorite concentrations and pre-soaking times were compared to additional treatments applying the 
Tukey test at 5% probability, since the comparison of joint and other additional treatments. 

3. Results and Discussion 
Because there was no significant difference between the different moisture contents for additional treatments at 
levels of 1% and 5% probability, in all additional trials for all characteristics evaluated the mean of the observed 
variables was used in the three initial moisture contents. 

Considering the period of exposure of coffee seeds in a solution of sodium hypochlorite for 3 hours, there was 
no significant difference for the rate of speed of seedling emergence in all degrees of moisture and concentra-
tions tested, thus, using the average this variable (Figures 1(A)-1(C)). 

At 6 hours, for all humidities, there was a decrease in the speed index seedling emergence as the concentra-
tion of sodium hypochlorite increased (Figures 1(A)-1(C)). It is noted that in the treatment with 35% humidity 
and concentration of 7%, this ratio was zero, which can also be seen from Table 1, with lethal to the seed. Hi- 
gher concentration of sodium hypochlorite for 6 hours essential structures may be damaged seeds such as the 
embryo, since it is located in the surface layer thereof. 

In Table 1, it was observed that for all moisture contents the treatments with sodium hypochlorite concentra-
tions of 5%, 6% and 7% for the period of three hours did not statistically differ from the additional treatment in 
which the parchment was removed manually, demonstrating that sodium hypoclorite addition to efficiently de-
grading the parchment it did not cause damage to the embryo. In seeds with 25%, 30% and 35% moisture con-
tent, the pre-germinative treatments with sodium hypochlorite at a concentration of 4% for 3 and 6 hours also 
resulted in emergence speeds similar to seeds in which the parchment was removed manually. 

[9] showed that application of 4% sodium hypochlorite for 3 hours is as effective as manual removal of the 
parchment with regards to emergence speed of arabica coffee seedlings, which is in accordance with the results 
of this work. 

Analyzing the exposure time of the seeds in the sodium hypochlorite solution for 6 hours, it was observed that 
the concentration of 4% was the only treatment which showed satisfactory results for all moisture contents. Fur-
thermore, when considering the period of 6 hours it is noticed that higher concentrations (6% and 7%) for all  
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Figure 1. Emergence speed index of conilon coffee seedling from seeds with 
moisture content of 35% (A); 30% (B) and 25% (C), after treatment with so-
dium hypochlorite at concentrations of 4%, 5%, 6% and 7% for periods of 3 
and 6 hours.                                                           
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Table 1. Emergence speed index of conilon coffee seedlings after treatment with sodium hypochlorite at the concentrations 
of 4%, 5%, 6% and 7% for periods of 3 and 6 hours.                                                            

Concentration Time Initial moisture content of the seeds (% w.b.) 

(%) (h) 25 30 35 

4 
3 0.68  b c   0.89 a    0.84 a    

6 0.76 a b    0.81 a b   0.70 a b   

5 
3 0.87 a b    0.92 a    0.92 a    

6 0.65  b c   0.57  b c  0.39   c  

6 
3 0.95 a     0.94 a    0.88 a    

6 0.25     e 0.18    d 0.24   c d 

7 
3 0.85 a b    0.98 a    0.87 a    

6 0.17     e 0.15    d 0.00    d 

Seed without parchment (manual removal) 0.87 a b 
   

0.87 a 
   

0.87 a 
   

         

Seeds with parchment 0.48   c d  0.48   c  0.48  b c  

CV (%) 16.75 

Averages followed by the same letter in the column do not differ at the level of 5% probability by the Tukey test. 
 
moisture contents reduced the emergence speed of the plants, possibly due to damage to the embryo tissues of 
the seeds since sodium hypochlorite is a strong oxidant [12] and also because of increased absorption of the hy-
pochlorite solutions at these concentrations and immersion times [10]. 

When comparing the seeds whose parchment was removed manually with those remaining with this structure, 
it is apparent that the removal promoted higher ESI. These results corroborate with those of [6], who found that 
manual removal of the parchment effectively accelerates the emergence of arabica coffee.  

It is observed by the regressions, which in the period of exposure of the seeds in a solution of sodium hy-
pochlorite for 3 hours, the total seedling emergence coffee increased to concentrations of 5.1% and 6.5% for 
moisture of 35% and 25%, respectively, and thereafter decreased with increasing concentrations (Figures 
2(A)-(C)). These values were obtained for the first of the regression equations derived 2nd degree. In seedlings 
from seeds with initial moisture of 30%, there was no significant difference for total emergence (Figure 2(B)). 

In a 6 hours period, in all moisture evaluated, seedling emergence of coffee decreased with increasing con-
centrations of sodium hypochlorite. 

In Table 2 it appears that seeds with 25% and 30% moisture content, submitted to the solution of sodium hy-
pochlorite at concentrations of 6% and 7% for 6 hours, showed lower emergence levels in comparison with oth-
er treatments. For the moisture content of 35%, it appears that the pre-germinative treatment with sodium hy-
pochlorite at a concentration of 7% for 6 hours resulted in no seedling emergence. Seeds at this moisture content 
exposed to concentrations of 5% and 6% of sodium hypochlorite for 6 hours showed a reduction in emergence 
percentage in relation to the other treatments. According to [13], in certain seeds whose teguments presented no 
physical barrier to germination, the use of sodium hypochlorite can cause damage to the embryo tissues. [8] also 
found that high concentrations of sodium hypochlorite (7.5% and 10%) affect the germination process and re-
duce the final percentage of normal arabica coffee seedlings, possibly due to damage deeper in the seeds. 

In Table 2, it can be seen that regardless of the initial moisture content of the seeds, the concentrations of 4%, 
5%, 6% and 7% for a period of time of 3 hours gave percentage of statistically equal to emergency treatment 
where additional removal parchment was performed manually. 

[14] observed that immersion of arabica coffee seeds with 12%, 16% and 20% humidity in aqueous solution 
of sodium hypochlorite at concentrations of 3%, 4% and 5% for 3 hours, degraded parchment efficiently and 
accelerated seedling emergence, matching with the results found in this study. 

Seeds whose parchment was manually removed reached emergence percentages greater than 90% for all 
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Figure 2. Total emergence of conilon coffee seedling from seeds with moisture 
content of 35% (A); 30% (B) and 25% (C), after treatment with sodium hy-
pochlorite at concentrations of 4%, 5%, 6% and 7% by at 3 and 6 hours.                 
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Table 2. Total emergence of conilon coffee plants (%) after treatment with sodium hypochlorite at the concentrations of 4%, 
5%, 6% and 7% for periods of 3 and 6 hours.                                                                  

Concentration Time Initial moisture content of the seeds (% w.b.) 

(%) (h) 25 30 35 

4 
3 75.0 a  96.9 a b   90.6 a b   

6 78.1 a  81.3 a b c  78.1 a b   

5 
3 87.5 a  100.0 a    100.0 a    

6 71.9 a  56.3   c  37.5   c  

6 
3 93.8 a  90.6 a b   90.6 a b   

6 21.9  b 25.0    d 28.1   c  

7 
3 93.8 a  93.8 a b   84.4 a b   

6 31.3  b 25.0    d 0.0    d 

Seed without parchment (manual removal) 92.7 a  92.7 a b 
  

92.7 a b 
  

    

Seeds with parchment 70.8 a  70.8  b c  70.8  b   

CV (%) 16.25 

Averages followed by the same letter in the column do not differ at the level of 5% probability by the Tukey test. 
 
moisture contents. [15] reported that manual removal of the parchment from arabica coffee seeds resulted in 
greater emergence speed and accelerated the formation of seedlings. 

In the period of exposition in a solution of sodium hypochlorite for 3 hours, there was no significant effect of 
different concentrations for the dry mass of the aerial part of the variable coffee plantlets in all moisture contents 
(Figures 3(A)-(C)). This also occurred in seedlings from seeds with initial moisture content of 30% for 6 hours 
immersed in a solution of sodium hypochlorite (Figure 3(B)). 

In a 6 hours period, a reduction of the dry mass of the aerial part of seedlings of coffee as the concentration of 
sodium hypochlorite increased humidity of 35% (Figure 3(A)). In seedlings originated from seeds with 25%, it 
was noticed that there was an increase in the dry mass of the aerial part to the concentration of 4.7%, followed 
by a decrease thereafter (Figure 3(C)). 

The dry mass of the shoots of conilon coffee seedlings did not differ statistically between treatments when 
seeds presented 30% moisture content. In seedlings originated from seeds with 35% and 25% moisture, the 
treatment with 7% sodium hypochlorite for a period of 6 hours was the only treatment that caused a significant 
reduction of the dry mass of the shoots of seedlings in relation to the removal parchment manual, and there was 
no moisture in the first seedling emergence (Table 3). 

In a 3 hours period soaking seeds in a solution of sodium hypochlorite, dry root weight of seedlings of coffee 
was not significantly affected in moisture of 35% and 30% (Figure 4(A) and Figure 4(B)). Seedlings from 
seeds with 25% moisture showed an increase in dry mass of the root system to the concentration of 5.8%. From 
this concentration, it occured the same decrease (Figure 4(C)). 

Analyzing 6 hours period, there was an increase in dry root weight of seedlings to 4.9% concentration of so-
dium hypochlorite in the moisture of 35%. From this value decreased slightly as the concentration increased. For 
other moisture, there was no significant effect of concentration for this variable. 

Dry weight of the root system in coffee seedlings showed a similar behavior to the dry mass of shoots for the 
three humidities, i.e., at 30% moisture there was no difference between treatments and for 35% the same was 
observed, except for the concentration of 7% during 6 hours, since there was no emergence of seedlings. In 
seeds with 25% moisture content, the pre-germination treatment with sodium hypochlorite at a concentration of 
7% for 6 hours was the only treatment with weight lower than that in which the parchment was removed ma-
nually (Table 4). 

Evaluation of the dry masses of the shoots and root systems indicate that the use of sodium hypochlorite not  



R. F. Rubim et al. 
 

 
1826 

 

 

 
Figure 3. Dry mass of the shoots of the conilon coffee seedling from seeds with 
moisture content of 35% (A); 30% (B) and 25% (C), after treatment with sodium 
hypochlorite at concentrations of 4%, 5%, 6% and 7% for periods of 3 to 6 h- 
ours.                                                              
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Table 3. Dry mass of the shoots of the conilon coffee seedling (mg∙plant−1) after treatment with sodium hypochlorite at the 
concentrations of 4%, 5%, 6% and 7% for periods of 3 and 6 hours.                                                

Concentration Time Initial moisture content of the seeds (% w.b.) 

(%) (h) 25 30 35 

4 
3 83.9 a b 82.8 a 87.4 a  

6 69.5 a b 72.5 a 84.7 a  

5 
3 86.2 a b 89.4 a 87.0 a  

6 76.0 a b 62.9 a 72.8 a  

6 
3 89.4 a b 90.1 a 81.2 a  

6 61.8 a b 72.8 a 48.9 a  

7 
3 90.6 a b 94.7 a 80.5 a  

6 47.2  b 78.1 a 0.0  b 

Seed without parchment (manual removal) 91.5 a  91.5 a 91.5 a 
 

 

Seeds with parchment 73.5 a b 73.5 a 73.5 a  

CV (%) 24.48 

Averages followed by the same letter in the column do not differ at the level of 5% probability by the Tukey test. 
 
Table 4. Dry mass of the root system of the conilon coffee seedling (mg∙plant−1) after treatment with sodium hypochlorite at 
the concentrations of 4%, 5%, 6% and 7% for periods of 3 and 6 hours.                                             

Concentration Time Initial moisture content of the seeds (% w.b.) 

(%) (h) 25 30 35 

4 
3 13.8 a b 16.8 a 17.1 a b 

6 9.9 a b 11.0 a 15.5 a b 

5 
3 20.6 a b 21.2 a 20.9 a  

6 10.9 a b 13.4 a 18.6 a  

6 
3 24.8 a  21.2 a 20.6 a  

6 9.3 a b 11.7 a 11.3 a b 

7 
3 18.4 a b 26.9 a 19.1 a  

6 6.1  b 9.0 a 0.0  b 

Seed without parchment (manual removal) 24.7 a  21.7 a 21.7 a  

Seeds with parchment 10.1 a b 10.1 a 10.1 a b 

CV (%) 47.26 

Averages followed by the same letter in the column do not differ at the level of 5% probability by the Tukey test. 
 
only resulted in good emergence, but did not affect proper development of conilon coffee seedlings. 

The use of pre-germination treatments involving partial or total immersion of the seeds has grown signifi-
cantly in order to improve performance [16]. In the present study the treatment of conilon coffee beans with so-
dium hypochlorite showed good results, showing to be a promising technique for the degradation of parchment 
and acceleration of seedling emergence, as well as presenting low costs and low risk to the operator. 
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Figure 4. Dry mass of the root system of the conilon coffee seedling from seeds 
with moisture content of 35% (A); 30% (B) and 25% (C), after treatment with 
sodium hypochlorite at concentrations of 4%, 5%, and 6%, 7% for periods of 3 
and 6 hours.                                                            
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4. Conclusions 
The use of sodium hypochlorite at concentrations of 4%, 5%, 6% and 7% for 3 hours, regardless of initial mois-
ture content of the seeds, has a similar effect on manual removal of the parchment with regards to emergence 
percentage and speed for the coffee seedlings, and shoot and root dry mass. 

The immersion of conilon coffee seeds in a 7% sodium hypochlorite solution for 6 hours reduced the emer-
gency speed index and seedling development. 

In general, the use of sodium hypochlorite in pre-germinating treatments of conilon coffee seeds showed a 
promising technique of low cost. 
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