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Abstract 
 
This experiment was conducted to evaluate the possibility of organic cultivation of mint under different amounts of hairy woodrose 
and harvesting times. The experimental design was randomized complete blocks with the treatments arranged in 4 x 3 factorial 
scheme with three replicates. The first factor consisted of four amounts of hairy woodrose (0.0, 0.5, 1.0 and 1.5 kg m

-2
 of dry beds) 

and the second factor, corresponded to three harvest bunches (30; 60 and 90 days after transplanting). The cultivar "Mentha 
piperita" was used as mint crop. The evaluated characteristics were the following: biomass height, biomass production, number of 
sauces, dry mass, oil content and yield. There was interaction between the factors-treatments for yield, number of bunches and oil 
content. The best productive performance of the mint was obtained in the amount of 1.0 kg/m

2
 of hairy woodrose incorporated 

into the soil at 60 days after mint transplanting (AMT). Hairy woodrose proved to be efficient as a green manuring in the mint crop. 
 
Keywords: Green manuring; Mentha piperita (L.); medicinal plant. agroecological production.   
Abbrevations: UFERSA_Federal Rural Semi-Arid University, AMT_after mint transplanting, pH_hydrogen potential, P_phosphorus, 
K_potassium, Ca_calcium, Mg_magnesium, Na_sodium, M.O._organic matter, N_nitrogen, C/N_carbon/nitrogen. 
 
Introduction 
 
Within genus Mentha which belongs to the family 
Lamiaceae, Mentha arvensis and Mentha piperita, are 
popularly known for the commercial exploitation of essential 
oil extracted from its aerial part and also for the medicinal 
use in the combat of stomach disorders, respiratory 
apparatus and intestinal parasites (Chagas et al., 2011).  
In Brazil, the genus Mentha is widely used for medicinal and 
food purposes (Lorenzi and Matos, 2002). One of the factors 
that interferes in the production of essential oil is the soil 
fertility, since the nutritional conditions of the soil are 
essential for the balance between accumulation of biomass 
and production of oils in the Mentha culture (Valmorbida 
and Boaro, 2007). 

Veronese et al. (2001) stated that mint and mint oil yield are 
modified by biotic and abiotic factors. This statement is 
supported by some agronomic studies recorded in the 
literature, especially those investigating the influence of 
fertilization on the development of this species. Organic 
fertilization represents a nutrient source for plants that 
helps to improve the physical, chemical and biological 
structure of the soil in addition to providing adequate 
nourishment. 
In the region of Mossoró-RN, Brazil, the most used fertilizer 
source is cattle manure. This limits the production, given 
that the farmer does not always have this resource available, 
contributing to the increase in production costs (Linhares et 
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al., 2012 and Linhares et al., 2014). Thus, the use of plant 
species as green manuring, promotes benefits the whole 
system. Additionally, it guarantees the farmer success in 
production and optimization of the resources (Linhares, 
2013). 
Legumes are the most used plants for green manuring, 
because they contain a high percentage of phosphorus, 
potassium, calcium, and mainly nitrogen due to their ability 
of symbiotic N fixation by the bacteria belonging to the 
genus Rhizobium that develop in their roots (Tavares Junior 
et al., 2016). However, species from other families may be 
used. 
Hairy woodrose (Merremia aegyptia L.) is a spontaneous 
species of the caatinga biome in semi-arid region of 
northeastern Brazil. It is an herbaceous species, belonging to 
the Convolvulaceae family, with green and dry biomass 
production of the order of 42000 and 6000 kg ha

-1
, 

respectively, an average nitrogen content of 22.2 g kg
-1 

as 
dry matter, with a carbon/nitrogen ratio of 18/1, making the 
species feasible for use as a rapid decomposing quantity 
straw based green manuring usually (Linhares et al., 2021 
and Linhares, 2013).  
Hairy woodrose (Merremia aegyptia L.) has been used as a 
green manure in vegetable crops, such as coriander 
(Linhares et al., 2018; Linhares 2009a; Linhares et al., 2009b; 
Linhares et al., 2012a; Linhares et al., 2012b; Linhares et al., 
2012c; Linhares et al., 2011a); arugula (Linhares, 2007 and 
Linhares et al., 2008a); radish (Linhares et al., 2013; Linhares 
et al., 2010) and carrot (Linhares et al., 2014). 
Studies have shown that spontaneous species of the 
Caatinga biome may present the same performances of 
leguminosae as green manuring (Linhares et al., 2021; 
Linhares et al., 2011b and Linhares et al., 2009b). 
Therefore, this study aims to evaluate the possibility of 
organic cultivation of mint under different amounts of hairy 
woodrose and harvesting times. 
 
Results and Discussion 
 
There was a significant interaction between the amounts of 
hairy woodrose and harvest times on the characteristics 
such as productivity, number of bunches and oil content of 
mint (Table 1). 
The biomass height was not statistically different for the 
hairy woodrose amounts, with a mean value of 34.6 cm. For 
the harvesting times (30, 60 and 90 days AMT), there was a 
statistical difference at the level of (p <0.01) probability, 
with a value of 47.61 cm at 90 days AMT (Figure 1). Vicente, 
Maia and D’ Oliveira (2008), evaluated the production of 
medicinal plants with filter cake and reached a greater 
average height of 45 cm for mint, being a superior result to 
that achieved in this study. This greater average height is 
probably due to an extended time in the field for the species 
which was evaluated at 240 days after planting, and a 
different parameter for this study, which was measured at 
90 days AMT. 
Productivity of mint under amounts of hairy woodrose 
incorporated into the soil in the time of 30 days AMT is 
shown in (Figure 2), whereas we observed a significance in 
30 days with a yield of 129.4 kg 100 m

-2
. For the harvest 

seasons, there was a breakdown within the quantities of 
with yields of 332.7, 338.7, 366.50 and 386.25 kg 100 m

-2
 at 

60 days after transplanting mint in amounts of 0.0, 0.5, 1.0 
and 1.5 kg m

-2
 at the time of 60 days AMT, respectively 

(Figure 3A; 3B; 3C and 3D). 

The increase in these characteristics is due to application of 
this green manuring affecting the chemical and physical 
attributes of the soil, among them the ion exchange 
capacity, which is responsible for the nutrient exchanges of 
the solid phase with the liquid phase (in the soil solution). 
Penteado (2007) emphasizes that the plant material, when 
returned to the soil, represents the return of 40 to 50% of 
the nutrients extracted by the production. 
Cunha et al. (2018) evaluated agronomic efficiency of 
different quantities of jitirana {Merremia aegyptia (L.) Urb.} 
mixed with cattle manure in the intercropping of coriander 
with mint and reported a green mass of 56.4 kg 100 m

-2
 in 

the quantity of 3.0 kg m
-2

, lower than the present study. 
The number of mint bunches reached a mean value of 
1316.38 units at the amounts of 1.5 kg m

-2
 of hairy 

woodrose when applied at 30 days period (Figure 4). In 
times of harvest, the average values of mint units were 
3326.7, 3259.7, 3445.1 and 2998.7 100 m

-2
, referring to the 

amounts 0.0; 0.5; 1.0 and 1.5 kg m
-2

 of hairy woodrose, 
when applied at 60 days AMT, respectively (Figure 5A; 5B; 
5C and 5D).  
Vicente et al. (2008), studied production of medicinal plants 
with filter cake. They reported 400 g m

-2 
of green biomass 

production of mint, equivalent to four bunches, which is 
inferior to the results of the above referenced research. This 
inferiority is due to the mint being measured at 240 days 
after sowing, which in turn causes the senescence of the 
basal leaves which later decrease the green mass foliage 
growth of the plant, since it is basically made up of leaves. 
There was no significance of the amounts of hairy woodrose 
(Merremia aegyptia (L.) in the dry mass, with an average 
value of 35.7 kg 100 m

-2
. For the harvesting times, there was 

a maximum yield point, with a value of 59.0 kg 100 m
-2

 in the 
60 days season (Figure 6). The dry mass is a characteristic 
that reflects the growth of the vegetable (Taiz and Zeiger, 
2009). Cunha et al. (2018) reported agronomic efficiency of 
different quantities of jitirana mixed with cattle manure in 
an intercropping system of coriander with mint and reached 
a dry mass of 6.56 kg 100 m

-2
 in the quantity of 3.0 kg m

-2
, 

lower than the present study. 
In the oil content, there was a maximum point of 1.17 and 
1.23 g kg

-1
 at the amounts of 0.0 and 1.0 kg m

-2
 of hairy 

woodrose, at the times of 30 and 60 days AMT, respectively 
(Figure 7a and 7b). There was no curve fit for the harvesting 
times factor. Linhares et al. (2008b) stated that the increase 
in the production of phytomass results from a decrease in 
the nitrogen content through the dilution process, which 
possibly occurred in the present research. The essential oil 
content is a genetic characteristic and is independent of the 
amount of biomass produced by the plant. The essential oil 
content is a genetic characteristic and independent of the 
amount of biomass produced by the plant, making it more 
difficult to change when comparing the yield of essential oil 
(Oliveira, 2011). 
There was no statistical impact of presence or hairy 
woodrose amounts on oil yield of mint, with an average 
value of 187.8 g 100 m

-2
. For harvesting times, we observed 

maximum production of 335.0 g 100 m
-2

 at 60 days AMT 
(Figure 8). Cunha et al. (2018) studied agronomic efficiency 
of different quantities of jitirana mixed with cattle manure in 
the intercropping system of coriander with mint and reached 
an oil yield of 57.4 g 100 m

-2
 in the quantity of 3.0 kg m

-2
, 

lower than the present study. 
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Table 1. F-values for biomass height, productivity of mint, number of bunches, dry mass, oil content and oil yield of mint fertilized 
with different amounts of hairy woodrose and times of harvest.  

Causes of variation GL BH PM NB DM OC OY 

Amounts (A) 3 0.4
ns

 0.5
ns

 1.3
ns

 2.2
ns

 13.2
**

 1.8
ns

 

Harvest times (B) 2 86.3
**

 169.1
**

 166.2
**

 113.1
**

 2.7
ns

 125.3
**

 

A x B 6 2.1
ns

 3.0
*
 3.8

**
 1.9

ns
 15.6

**
 2.0

ns
 

Treatments 11 ------- ------- ------- ------- ------- ------- 

Blocks 2 4.3
*
 0.2

ns
 0.5

ns
 1.3

ns
 0.5

ns
 1.2

ns
 

Residue 22 ------ ------- ------ ------ ------- ------- 

CV (%) ---- 9.5 14.7 14.6 17.9 17.1 17.8 

Average Overall ---- 34.6 205.4 2081.9 35.7 0.9 187.8 

** = P <0.01, statistical significance at 1% probability * = P <0.05, statistical significance at 5% probability and 
ns

 = not significant. 
BH= biomass height; PM= productivity of mint; NB= number of bunches; DM= dry mass; OC= oil content and OY= oil yield. 
 

 
Fig 1. Biomass height at different harvesting times. 

 
 

 
Fig 2. Productivity of mint under amounts of hairy woodrose incorporated into the soil in the time of 30 days AMT. 

 
 

  

 
 

Fig 3. Mint production as a function of harvest times within the amounts of 0.0 kg m
-2

 (A); 0.5 kg m
-2

 (B); 1.0 kg m
-2

 (C) and 1.5 kg m
-

2
 (D) of hairy woodrose incorporated into the soil. 

Hairy woodrose (kg m-2) 
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Fig 4. Number of bunches of mint under different amounts of hairy woodrose at 30 days AMT. 

 

                       

 
 

Fig 5. Number of bunches of mint as a function of the amounts of 0.0 kg/m
2
 (a); 0.5 kg/m

2
 (b); 1.0 kg/m

2
 (c) and 1.5 kg/m

2
 (d) of 

hairy woodrose at the time of 60 days AMT. 
 

 
Fig 6. Dry mass of mint as a function of the harvest times AMT. 

 

 
Fig 7. Oil content of mint as a function of the amounts of 0.0 kg m

-2
 at 30 days (A) and 1.0 kg m

-2
 at 60 days AMT (B) of hairy 

woodrose. 
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Fig 8. Oil yield of mint as a function of the harvest times AMT. 

 

  
Fig. 9. Development of the hairy woodrose (Merremia aegyptia L.) 120 days after emergence under field conditions in the semiarid 
region. Mossoró, RN, Brazil. Photo: PhD researcher Paulo César Ferreira Linhares. 
 
 
Materials and Methods 
 
The study was conducted in the research area of the Rafael 
Fernandes Experimental Farm of the Federal Rural Semi-Arid 
University (UFERSA), located in the Alagoinha district, 20 km 
from the Mossoró-RN, Brazil, municipality (5º 03′ 37" S and 
37º 23′ 50" W, 70 m altitude). The farm comprises of some 
400 hectares (Rêgo et al., 2016). According to Carmo Filho et 
al. (1995) and the classification of Köppen, the local climate 
is BSwh ' dry and very hot. The dry season is normally from 
June to January, and a rainy season being from February to 
May. The average annual rainfall is 673.9 mm and the 
average relative humidity is 68.9%. The soil of the research 
area was classified as sandy loam Argisol Yellow Red Latosol 
(Embrapa, 2006). 
Before the installation of the field experiment, soil samples 
were collected to a 0-20 cm layer and then sent to be 
processed and analyzed in the UFERSA Water, Soil and Plant 
Analysis Laboratory, providing the following results: pH 
(water 1:2,5) = 6.64; exchangeable cations Ca = 1.30cmolc 
dm

-3
; Mg = 0.60 cmolc dm

-3
; K = 34.5 mg dm

-3
; Na = 10.7 mg 

dm
-3

; P (Mehlich) = 1.80 mg dm
-3

 and organic matter = 2.48 g 
kg

-1
. 

The experiment design was randomized complete blocks 
with treatments arranged in a 4 x 3 factorial scheme with 
three replications. The first factor consisted of four amounts 
of hairy woodrose (0.0, 0.5, 1.0 and 1.5 kg m

-2
 of dry beds) 

and the second factor, corresponding to three harvest times 
(30; 60 and 90 days after mint transplanting- AMT). All the 
experimental plots were incorporated into the amount of 
1.0 kg m

-2
 bovine manure, corresponding to 19.6 g of 

nitrogen m
2
. The hairy woodrose was decomposed in the soil 

for a period of 30 days before transplanting the mint 
(Linhares et al., 2012a). 
The preparation of the soil consisted of the harrowing and 
preparing of the seedling beds. During the study, manual 
weeding was performed to keep the crop free from 
spontaneous weed growth. Before sowing, irrigation was 
performed to maintain ideal soil moisture conditions for the 
mineralization process (Novais, 2007). 
Each block was 17.0 m in length by 1.4 m in width. The study 
plots were 1.4 m x 1.4 m, with a total area of 1.96 m

2
, with 

40 plants in each of the single crop and intercropping with 
coriander, spaced 0.35 mx 0.2 m respectively. The yielding 
area with six plants was therefore 1.26 m

2
 with 18 plants. 

The propagation of the seedlings was carried out by clipping 
the apical buds, picked from select Mentha piperita plants 
and cultivated in expanded polystyrene trays of 128 cells 
which contained a commercially available vermiculite 
substrate. The seedlings were transplanted after being 
grown in a greenhouse for 15 days, with 50% shading, and 
until they reached approximately 10 cm in height. 
The hairy woodrose (Merremia aegyptia L.) used was 
collected from the native vegetation in the vicinity of the 
campus of UFERSA during the flowering season. It is at this 
time that the plant has the maximum concentration of 
nutrients and chemical properties of: 570 g kg

-1
 C; 25.0 g kg

-1
 

N; 12.5 g kg
-1

 P; 18.0 g kg
-1

 K; 12.0 g kg
-1

 Ca; 16.0 g kg
-1

 Mg, 
with carbon/nitrogen ratio of 23:1 (Linhares et a., 2021) 
(Figure 9). 
The cattle manure used was stabilized and sourced from the 
heifers of the UFERSA cattle herd, which are raised in an 
intensive system, fed with corn-based concentrate, soy bean 
and wheat bran, and having as bulk Canarian grass 
(Echinocloa polystochya), which has a chemical 
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concentration of: pH (water 1: 2.5) = 8.06; and the total 
contents of 17.6 g kg

-1
 of N; 0.667 g kg

-1 
of P; 5.827 g kg

-1 
of 

K
+
; 1.849 g kg

-1 
of Na

+
; 0.197 g kg

-1
 of Ca

2+ 
and 0.037 g kg

-1 
of  

Mg
2+

). 
The harvest was performed according to the cutting season 
of the mint. The crops were harvested at 30 days, 60 days 
and 90 days, AMT, cutting all the plants of the useful area. 
After harvesting, plants were transported to the Post-
Harvest of Vegetables Laboratory at the Department of Plant 
Sciences at UFERSA where they were analyzed. 
For the mint crop, the following differences were evaluated: 
biomass height (was measured in the field, in centimeters 
using millimeter ruler, ten plants per plot), green mass (was 
obtained by cutting above ground, was weighed on a 
precision scale of 1.0 g and expressed as 100 m

-2
, 

corresponding to family farmers cultivating areas in the 
region of Mossoró-RN, Brazil), number of bunches (was 
determined by dividing the fresh mass in an area of 100 m

2
 

per 100 g, comparable to the weight of a mint bunches sold 
at the local agroecological fair and on the supermarket 
shelves in Mossoró-RN and measured in units 100 m

-2
), dry 

mass (was obtained from a forced-air heating oven at 65 °C, 
to constant mass and expressed in g 100 m

-2
), oil content (%) 

and oil yield (g 100 m
-2

). 
In determining the essential oil content and yield, the 
Simões et al. (2003) methodology was used. Samples of the 
above ground part of the dried plants were subjected to 
hydro distillation in a modified Clevenger apparatus for 1.5 
h, using 600 mL of distilled water in 1 L distillation flask. The 
oil content was defined as the ratio between the mass, in 
grams of essential oil, and the mass of dried leaves, inserted 
into the distillation flask x 100, expressed in g kg

-1 
and the oil 

yield (the oil content (%) x the dry matter (in kg 100 m
-2

) of 
the area portion divided by 100 was determined. 
A univariate analysis of variance for randomized block design 
with treatments arranged in a factorial design was 
performed on each feature of mint, through the application 
ESTAT (Kronka and Banzato, 1995). The procedure for 
adjusting the response curve was performed using the Table 
Curve (Jandel Scientific, 1991) application. 
 
Conclusions 
 
The best productive performance of the mint was obtained 
in the amount of 1.0 kg/m

2
 of hairy woodrose incorporated 

into the soil at 60 days AMT. Hairy woodrose proved to be 
efficient as a green manuring in the mint crop. 
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