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ABSTRACT 
 

Currently one of the most important problems in the world is the erosion and 
the low productivity of the agriculture soils, so a common practice to increase 
yield is to use mineral fertilizers; however excessive use cause environmental 
problems. The application of composts based on organic wastes is a 
sustainable way to reduce soil pollution and increase their fertility. The aim of 
this work was to evaluate the compost effect made from different 
combinations of vegetable waste and cow manure on the yield and 
antioxidant content of a lettuce crop, and its comparison with two controls: 
chemical fertilizers (Chem) and without fertilization (C-). Four types of 
composts were prepared using vegetable waste (V), stubble (S), cow manure 
(M) and the mixture of vegetable and cow manure (MV), the fertilization rate 
was 5 and 10%.  The variables evaluated were plant height, number of 
leaves, foliage volume, and antioxidants content. Composts V and S 
registered greater height (p>0.05) than the rest of the treatments and 
controls. There were no differences (p>0.05) in antioxidant content between 
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treatments and controls; however, the composts promoted higher values of 
DPPH and polyphenol content with respect to C-. The results obtained in the 
evaluated variables were due materials used for composting, were better with 
those made with vegetable waste.  Composting vegetable residues and 
animal manure is a good alternative to diminish use of mineral fertilizers and 
the need of disposing these organic material, since the composts improved 
the lettuce properties compared to C-. 

 

Keywords: antioxidants, compost, lettuce, waste, yield 
 

RESUMEN 
 

Actualmente uno de los problemas más importante en el mundo es la erosión 
y la baja productividad de los suelos agrícolas, por ello una práctica común 
para incrementar la productividad es usar fertilizantes minerales; sin embargo 
su uso excesivo ocasiona problemas ambientales. La aplicación de 
compostas a base de residuos orgánicos es una manera sustentable para 
reducir la contaminación e incrementar la fertilidad de los suelos. El objetivo 
fue evaluar el efecto de compostas elaboradas con residuos vegetales y 
estiércol de vaca, sobre el rendimiento y contenido de antioxidantes en 
cultivo de lechuga, y su comparación con: fertilizante mineral (Chem) y sin 
fertilización (C-). Se elaboraron 4  compostas, residuos vegetales (V), rastrojo 
(S), estiércol de vaca (M) y la mezcla de residuos vegetales y estiércol (MV), 
la dosis fue 5 y 10%. Las variables evaluadas fueron altura de la planta, 
número de hojas, volumen del follaje y contenido de antioxidantes. Las 
compostas V y S registraron mayor altura (p>0.05) que el resto de los 
tratamientos y los controles. No se evidenciaron diferencias (p>0.05) en el 
contenido de antioxidantes entre tratamientos; las compostas promovieron 
mayores valores de DPPH y contenido de polifenoles con respecto a C-. Los 
resultados obtenidos se deben a los materiales usados para el compostaje, 
siendo mejores las elaboradas con residuos vegetales. Las compostas de 
residuos vegetales y estiércol son una buena alternativa para disminuir el uso 
de fertilizantes minerales y la necesidad de disponer de esos materiales 
orgánicos, ya que las compostas incrementaron las propiedades de las 
lechugas comparadas con C-. 
 
Palabras clave: antioxidantes, composta, lechuga, rendimiento, residuos,  

 

1. INTRODUCTION 
 

Agricultural land has suffered a significant deterioration due, among others, to 
population growth that demands greater amounts of food and to the intensification 
of agricultural production systems. Usually, in agricultural production, the soil is 
subjected to intense tillage, mechanical compression and the addition to harmful 
mineral fertilizers. Mineralizing and compacting the substrate cause loss of 
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nutrients and changes in the physical properties of the soil, resulting in decreased 
availability of water and air for the roots, as well as a suppression of microbial 
processes. Although these fertilizers provide essential minerals for crops, and that 
is immediately available to promote their rapid growth, they do not improve soil 
properties or replace organic matter that is lost during cultivation, so its continued 
use has damaged soil productivity (Pimentel & Burgess, 2013).  

 
In recent decades, one of the most important problems in Mexico is the loss of 
productivity and biodiversity of agricultural land, due to soil degradation. Tlaxcala 
occupies the first place in Mexico in this area, because has retained 17% of its 
natural vegetation; the deterioration of the soil is approximately 72% of the surface 
of its territory, which implies the loss of food and water security, as well as 
population migration (Bolaños et al., 2016). 

 
To recover the fertility of the land, current agricultural systems must include 
environmentally friendly and sustainable production systems without neglecting 
production increases. Some proposals include the use of organic fertilizers such as 
compost, vermicompost, and digestate; organic fertilizers provide nutrients for 
plants, help to reduce the effect of pests and diseases, maintain and improve soil 
structure and increase moisture retention capacity (Wilson & Taylor, 2016). The 
use of organic fertilizers for a long period of time improves productivity and soil 
quality. Another advantage is that organic fertilizers can be made from both 
vegetable and animal waste since these materials have a high nutrient content. In 
all human communities, organic waste is generated, and if the management and 
disposal of these are not carried out properly, they will generate significant 
environmental problems, so the production of organic fertilizers with these 
materials helps to avoid or reduce these environmental problems (Onwosi et al., 
2017). In addition some authors indicate that the risk for contamination with 
pesticide residues is lower among organic than conventional products (Santos et 
al., 2016).  

 
On the other hand, Pandey & Rizvi, (2009) reported that fruits and vegetables 
provide several compounds, such as antioxidants, that help to protect and prevent 
degenerative diseases. Antioxidants are secondary metabolites, like flavonoids, 
polyphenols, carotenoids, folic acid, ascorbic acid, tocopherols, etc. (Majewska et 
al., 2011). Antioxidants are important because they react with free radicals (Cui et 
al., 2004) that take place in biological systems, these are the cause of 
degenerative disorders such as mutagenesis, carcinogenesis, cardiovascular 
problems and aging (Majewska et al., 2011). 

 
The most important antioxidants for human nutrition, are flavonoids and 
polyphenols, that are found in fruits, vegetables, cereals and beverages (Pandey & 
Rizvi, 2009). The consume of lettuce has been considered healthy because is a 
good source of minerals, ascorbic acid, fibber, vitamins A, C and K and 
antioxidants, mainly polyphenols, flavonoids and tocopherols (Llorach & Martínez-
Sánchez, 2008). Nicolle et al. (2004) found that a regular intake of lettuce 
antioxidants prevents lipid peroxidation in tissues. Therefore, it is important to 
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increase the production of these compounds in vegetables such as lettuce, it has 
been observed that their cultivation in soil fertilized with organic fertilizers, can be a 
strategy to maximize the level of bioactive molecules (Santos et al., 2016). 

 
The aim of this work was to compare the effect of four composts made with 
vegetable y/o animal waste, applied in a lettuce crop to compare the growth of the 
plants and their antioxidant content, to determine the differences by the kind of 
residue used for composting. 
 
2. MATERIALS AND METHODS 
 

2.1 Materials 
 

Four composts were prepared using vegetable waste and animal manure widely 
produced in the region; these are usually deposited in the open, causing 
environmental problems. The materials used to prepare the composts were: a) 
vegetable waste, consisting mainly of lettuce leaves, cauliflower leaves, and thorns 
cactus, obtained from the local market of San Martín Texmelucan, Puebla, Mexico; 
b) dairy cow manure obtained from a small farm in Tepetitla de Lardizábal, 
Tlaxcala, Mexico; c) corn stubble obtained from Tepetitla de Lardizábal, Tlaxcala, 
Mexico. The soil used as substrate was obtained, mixed and homogenized from 
the first 20 cm (Santos et al., 2014) of an agricultural plot adjacent to the Centro de 
Investigación en Biotecnología Aplicada, located in Tepetitla de Lardizábal, 
Tlaxcala, Mexico.  
 
2.2 Composting  
 
Four composts were prepared, the first with the vegetable waste (V), the second 
with cow manure (M), the third with 80:20 cow manure: vegetable mixture (MV), 
and the last with corn stubble (S). Additionally, to prepare all the composts, 4% by 
weight of corn stubble was added, to avoid compacting the materials and favoring 
the aeration during the composting process. The composting mixes had a C / N 
ratio between 20/1 and 30/1, their initial pH was between 7 and 8. The supplies 
were accommodated in piles, interposing the stubble, the dimensions of the piles 
were one meter high, for one meter wide and one meter long. The piles were 
mechanically aerated and moistened every week to maintain a humidity 
percentage between 45 and 60% (NMX-AA-180-SCFI-2018). The composting 
process continued until the temperature stabilization was observed, for about six 
months. At the end of this time, the material was homogenized, dried in the shade 
and screened in 0.2x0.2 cm meshes. 
 
2.3 Composts and soil analysis 
 
Composts and soil were analyzed by determining their pH, electrical conductivity, 
N and P content, following the methods for fertility assay of Mexican standard 
NOM-021-SEMARNAT-2000 (NOM-021-SEMARNAT-2000), modified in quantities 
used for N and P content in compost: using 1 g compost for N determination and 
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0.5 g compost for P quantification. The potassium content, according to the 
methodology of Ruiz et al. (2010) and the germination index, calculated by using 
lettuce seeds according to the methodology of Tiquia & Tam (1998). 
Physicochemical parameters for soil were compared with NOM-021-SEMARNAT-
2000 considering the values recommended for medium range fertility, and those for 
composts were compared with NADF-020-AMBT-2011. 
 
2.4 Lettuce cultivation 
 
Two kilograms of soil mixed with 5 and 10% weight of each compost, were placed 
in black polyethylene bags, in each bag a two weeks germinated lettuce seedling 
was sown, 15 plants were used for treatment. The experiment was carried out 
under a completely random design. The negative control (C-) consisted of soil 
without any fertilizer, the positive control (Chem) consisted of soil fertilized with 
urea, it was applied at 15 and 30 days after transplantation, adding 1.2 g urea per 
bag (250 kg/ha), according to Ullúa et al. (2016). The experiment was carried out in 
spring 2017, under greenhouse condition located in Tepetitla de Lardizábal, 
Tlaxcala, Mexico 19° 15′ 59″ N, 98° 22′ 38″ W. The lettuces were kept in the 
greenhouse for two months and irrigated every third day. Weekly from week 3 to 
week 8 of the transplant, the height was measured with a graduated ruler, from the 
base of the soil to the apex of the highest leave and was counted the number of 
leaves. The growth rate was calculated as the slope of the height vs. time graph. 
To calculate the foliage volume was measured the upper diameter of the foliage 
with a graduated ruler, and then applying the formula to calculate the volume of a 
cone: 
 

𝑉 =
1

3
 𝜋𝑟2h 

 
At week 8 of transplant, the plants were extracted and measured the leaf area with 
a LI-COR brand leaf area integrator model LI-3100, and the fresh and dry weight of 
the aerial part were determined. 
 
2.5 Antioxidant content assay 
 
The antioxidant content in the lettuce leaves was evaluated at weeks 6 and 8 after 
transplantation, three leaves were taken from each plant, one from the outside, 
another from the middle and the last from the inside; they were dried at room 
temperature during 10 days (Valenzuela et al., 2019) and ground, one gram of 
material was taken to mix with 20 mL of methanol, centrifuged at 500 rpm during 5 
min, and the supernatant (methanolic extract) was used for antioxidant 
determinations: 
 
DPPH. 500 µL of the methanolic extract were mixed with 1 mL methanol and 150 
µL of 2,2-diphenyl-1-picrilhydrazil (DPPH), the mixture was incubated in the dark 
for 45 min, then the color change was measured at 517 nm with a UV-Vis 
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spectrophotometer. The stability of DPPH was determined with a calibration curve 
using trolox as standard (Hartwik et al., 2012). 
 
Total polyphenols. 250 µL of the methanolic extract were mixed with 2.25 mL 
water, 100 µL Folin-Ciocalteau reagent and 250 µL of Na2CO3 saturated solution. 
The mixture was stirred in vortex and incubated for one hour at room temperature, 
the color change was measured with a spectrophotometer at 760 nm. The 
concentration of polyphenols was calculated as equivalents of gallic acid with a 
standard curve, according to García et al. (2015). 
 
Flavonoids. 100 µL of the methanolic extract were mixed with 1.25 mL of water, 
75 µL of 5% NaNO2, the mixture stood for 6 minutes at room temperature, and 
then 150 µL of 10% AlCl3 was added; after 5 min 500 µL of 1M NaOH was added. 
The color change was measured with a spectrophotometer at 510 nm, the 
flavonoid content was determined with a standard routine curve, according to 
Floegel et al. (2011). 
 
Dendogram. The graph of a cluster classification analysis was performed by 
hierarchical clustering, by the method of inter-linkage groups and measurement 
intervals Euclidean squared by JMP Pro. Ver. 13 software for Windows, 
considering all variables evaluated in this work. 
 
2.6 Statistical analysis 
 
The data obtained was ordered weekly for the variables height, volume and 
number of leaves, all variables were analyzed statistically using the SAS software 
ver 9.0, under a completely randomized design. The means test was applied using 
the LSD test at a confidence level of p <0.05, Pearson's bi-varied correlations were 
made with the vegetative variables and antioxidant content p <0.05, using the JMP 
Pro 13.0 software. A hierarchical cluster was also made, to see the similarities 
between treatments, by the closest neighbor method. 
 
 
3. RESULTS 
 
3.1 Physicochemical properties of soil and composts 
 
The soil used in this study was sandy, the physicochemical properties of soil are 
shown in Table 1, which were compared with the parameters from the medium 
range of fertility soils from the Mexican Standard NOM-021- SEMARNAT-2000.  
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Table 1. Physicochemical analysis of the soil used and comparison with the 
specification for medium soil fertility. 
 

Parameter Soil Specifications for medium 
soil fertility (NOM-021-
SEMARNAT-2000) 
 

pH 8.2 6.6 – 7.3 
Bulk density (g cm-3)  1.52   1-1.32  
Organic matter (%) 0.5 1.6 – 3.5  
Inorganic N (mg/kg) 1  20 - 40 
Usable P (mg/kg) 0.16  5.5 - 11  
EC (dS/m) 0.3  1.0 – 2.0 

 
 
From the results in Table 1, it can be concluded that the soil was slightly alkaline 
and the presence of salts is low. The soil was poor because the content of the 
necessary macronutrients was much lower than the specified in the NOM-021-
SEMARNAT-2000. 
 
Table 2 shows the physicochemical properties of composts, as well as the values 
recommended in Mexican Standard NADF-020-AMBT-2011. All composts were 
alkaline, their electrical conductivity and N content were according to the norm; 
however they were poor in P and K. The GI of the four composts prepared was 
between 103 and 131 %, values in agreement with mature composts. According 
Tiquia & Tam (1998), a GI > 80% indicates that the compost is mature and does 
not present phytotoxic substances or are in very small quantities, and GI >120% 
indicates that the compost contains substances that promote plant growth. 
 
Table 2. Analysis of the composts and values recommended in the Mexican Norm 
NADP-020-AMBT-2011. 
 

Parameters Composts NADF-020-
AMBT-2011 V S MV M 

pH 9.0±0.1 8.0±0.05 9.3±0.2 9.4±0.1 6.5-8 
EC (dS/m) 3.4±0.02 2.3±0.05 3.8±0.06 4.0±0.06 <8 

GI (%) 114.8±1.9 131.3±1.7 103.4±1.5 106.9±1.2 ≥75% 
C (%) 11.4±0.34 21.7±0.18 18.0±0.64 18.8±0.46 >20% 
N (%) 1±0.01 1.5±0.01 1.4±0.008 1.5±0.01 1-3% each,  
K (%) 0.18±0.01 0.20±0.01 0.27±0.01 0.27±0.01     Sum<7% 
P (%) 0.3±0.005 0.4±0.005 0.6±0.004 0.2±0.004   

 
 
The type of waste used for composting is an important factor that will determine the 
final properties of the composts. Composts prepared with vegetable waste (S and 
V) had lower values of pH, EC, the content of K and higher values of GI, compared 
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with the composts using mainly cow manure (M, MV). The compost prepared only 
with corn stubble (S), had the highest content of organic matter, compared to the 
others and was the less alkaline and closer to the norm, also showed a higher 
content of C, N, and P, in addition to the highest GI, that is, it was the richest 
nutrient compost. 
 
3.2 Lettuce cultivation 
 
Height, volume and number of leaves. In Figure 1 can be observed that all 
composts favored the growth of lettuce with respect to a negative control (C-). In 
week 8 they were higher between 5 and 66% compared to C-. Except with M5, 
using composts plants were from 2 to 25% higher than using urea. The highest 
heights were reached using 5 or 10% of compost S, these were 25% larger than 
using urea and 65% higher than in C-. 

 
 
Fig. 1. Weekly evaluation of the height, foliage volume and number of lettuce 

leaves using composts M ( ), MV ( ), S ( ), V ( ) Chem ( ), and C- ( ). 
At 5% compost (A, C, E), and 10% compost (B, D, F). 
n=15, averages + standard deviation 

 
From week 3 to week 5, the growth rate was higher in the presence of composts 
S5, S10, M10 or MV10 than with the other treatments and controls; after week 5 
the growth rate decreased, it was assumed that at the beginning composts 
provided more nutrients or were more available. The growth rate in the presence of 
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Chem had no changes from week 3 to week 8, and the corresponding to C- 
diminished during the last week. 
 
In the case of the foliage volume, all composts favored the growth of plants with 
respect to C-, exceeding by 70 to 670 %. Likewise, the foliage volumes were 
higher by 20 to 200% than Chem, except with M5 (Fig. 1). With S10 and S5, the 
foliage volumes were the largest. In Figure 1 it is observed that at week 8 the 
foliage volume of S10, V5, M10, MV5, and C- decreased with respect to week 6, 
probably because they began to wilt. 
 
Similar to the previous parameters, the number of leaves using all composts was 
greater than with C- (Fig. 1). The highest number of leaves at the end of the crop 
cycle was obtained with S5 and M10. The increase in the number of leaves of 
plants that were fertilized with composts or urea was in an average of one leaf 
weekly, while in C- number of leaves did not increase from week 3 to week 5. 
 
Figure 1 shows that all composts improved the nutritional quality of the soil, rising 
heights, foliage volume and the number of leaves compared with C-, and Chem, 
except with M5. From weeks 3 to week 5, the height, foliage volume and the 
number of leaves in the presence of Chem were of the highest, however, at the 
end of the experiment (weeks 7 to week 8) these parameters decreased compared 
with using composts; this can be explained because urea usually increases the 
development in short periods of time but at longer time organic carbon decreases 
and plant growth decreases (Li et al., 2017). 
 
3.3 Lettuce biomass 
 
Figure 2 shows that the fresh and dry weights of the aerial part, as well as the leaf 
area per lettuce with all composts, except M5 were statistically (p> 0.05) higher 
than C- and except with M5 and M10, were statistically (p> 0.05) higher than 
Chem. The biomass increased was from 100 to 310 % higher than C-. and from 
170 to 230 % higher than Chem. The values were higher using S and V at both 
compost content than using M and MV. The highest weights were with compost 
S10 (p> 0.05), this can be explained because with this compost lettuces had more 
and highest leaves.  
 
The results of the foliar area by plant were similar to the weights; values were 
statistically (p> 0.05) higher than C- and were statistically (p> 0.05) higher than 
Chem. M5 and M10 also were the exception. The foliar area was 80 to 280% 
higher using composts than C-, and 20 to 150% more than Chem. 
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Fig. 2. Fresh weight leaf  ( ), foliar area ( )  and Dry weight leaf  ( )of lettuces 
at week 8 after transplantation using composts S, V, M and MV at 5 and 10% and 
both controls Soil and Chem. 
n=15, averages + standard deviation 

 
3.4 Antioxidants 
 
The results of the quantification of the antioxidants in the lettuces grown in the 
presence of composts and controls are in table 3. 
 
DPPH. At week 6, the highest values were found in Chem, V10, and C-, Chem 
values were from 20 to 80% higher than applying other composts, whereas the 
DPPH in lettuces without fertilization (C-) was higher than in the presence of 
compost between 33 and 74%. At week 8, except V5 and S10, DPPH content was 
higher with the rest of the treatments than C-. With M, MV, and S10 the content of 
antioxidants were equal to Chem. The highest value was recorded for V5. The 
DPPH increased from week 6 to week 8, except for both controls (Chem and C-) 
and compost V10. 
 
Flavonoids. At week 6, flavonoids content in V10 was statistically equal (p<0.05) 
to Chem, with the other composts this parameter was between 20 to 80 % lower 
than Chem. Flavonoids content of lettuce measured in C- was equal compared 
with the other composts, except M5. At week 8, flavonoids content was similar 
between Chem and V5, with the other composts were lower between 12 to 45% 
than Chem. The flavonoids content was similar between lettuces from C- and the 
other composts, Considering C- the other composts has an equal amount of 
flavonoids, except S5 and V10, that had the lowest values. Ismaiel et al. (2016) 
reported that flavonoids production may be linked to the pH of the substrates, pH 
between 8.5 and 10 favor the antioxidant activity of some plants such as chard.  
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Polyphenols. During week 6, as in DPPH, the higher polyphenol contents were 
registered with V10 and both controls. At week 8, using S10, V5, MV10, and M10 
polyphenols were statistically equal than Chem and higher from 20 to 70% than C-. 
S5 and V10 have lower polyphenols than C-. An increase from week 6 to week 8 
was observed in the polyphenol content with all composts and both controls, 
except for V10. 
 
Table 3. Antioxidants measured in lettuces at week 6 and week 8 after 
transplantation. 
 

  DPPH (%) Flavonoids(a) Polyphenols(b) 

Compost Weeks Weeks Weeks 

  6 8 6 8 6 8 

S10 23.3 d 61.5 ab 4.23 bc 4.69 bcd 0.73 c 1.67 abc 

S5 32.7 d 46.7 bc 4.1 bc 3.31 d 0.88 bc 1.09 c 

V10 60.3 ab 18.4 c 10.39 a 3.12 d 1.83 a 1.12 c 

V5 15.2 d 83.7 a 4.77 bc 7.01 a 1.46 ab 2.34 a 

MV10 30.4 d 61.0 ab 6.10 b 3.95 cd 0.82 bc 1.68 abc 

MV5 38.4 bcd 57.5 ab 5.54 b 4.72 bcd 1.13 bc 1.49 bc 

M10 35.0 cd 69.6 ab 4.74 bc 4.98 bc 0.92 bc 1.87 ab 

M5 22.7 d 54.1 ab 1.5 c 4.27 bcd 0.51 c 1.54 bc 

Chem 76.0 a 53.0 ab 7.70 ab 5.68 ab 1.43 ab 1.99 ab 

C- 57.6 ab 44.6 bc 5.89 b 3.44 cd 1.47 ab 1.38 bc 
Literals different in column means that there was a significant difference (p <0.05) 
(a) (mg Rutine / mg fresh weight); (b) (mg gallic acid / fresh weight) 

 
 
3.5 Dendrogram  
 
In order to find a relationship between the composts applied to the soil and the 
characteristics presented by the lettuces grown in the presence of these composts, 
an exploratory analysis (JMP®PRO 13 for Windows software) was carried out 
considering all the vegetative variables evaluated (height, volume, number of 
leaves and leaf area per plant) and antioxidants (% DPPH, polyphenols, and 
flavonoids), obtained depending on the treatments applied, the corresponding 
dendrogram is shown in Figure 3. 
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Fig. 3. Dendrogram of the lettuce vegetative variables and antioxidant content 
measured with composts V, S, M and MV applied at 5 and 10% and both controls 
C- and Chem. 
 
Whit the variables evaluated, the dendrogram was obtained (Figure 3) in which 
there is clear separation between manure and vegetable waste composts. The 
results obtained in the cluster analysis, shows that the distance between the values 
obtained in the different treatments are grouped into two large groups, those made 
with manure, along with the controls and those of vegetable waste. The vertical line 
defines that four groups of treatments can be formed with similar results. It can be 
seen that in the first group, which were recorded the highest yields and values in 
the variables evaluated, is made up of composts prepared with vegetable residues 
(V10, S5 and S10), the V5 treatment is isolated but classified within the group of 
vegetable waste. The third group are composts in which manure has been used 
(MV10, MV5 and M10) these are grouped with the positive control (Chem), while in 
the last group there is the negative control (C-) and compost M5.  
 
3.5 Pearson Correlations  
 
The correlations of the variables evaluated in the different treatments were 
determined, considering the vegetative variables and the antioxidant content at 
week 8, which was the moment when the lettuces reached the appropriate height 
for the harvest (table 4). 
 
Table 4 shows a high correlation (p <0.05%) between fresh weight, dry weight, and 
leaf area; there was a slight correlation between height and foliage volume with 
weights and leaf area. No correlation was found between the measured vegetative 
variables and antioxidants. There was a poor correlation between the % of DPPH 
and the content of polyphenols and flavonoids (p <0.05%), which indicates that 
although the lettuce presented these compounds, they were not the only ones that 
contributed to the antioxidant activity quantified in the analysis of DPPH, as there is 
a slight correlation between the content of polyphenols and that of flavonoids.  
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Table 4. Pearson correlation matrix between vegetative variables and antioxidant 
content. 

 
Fresh weight Dry weight Foliar area Height Foliage Volume DPPH Poliphenols Flavonoids 

Fresh weight 1 
       Dry weight 0.988338 1 

      Foliar area 0.937104 0.934111 1 
     Height 0.691819 0.698525 0.607625 1 

    Foliage volume  0.518226 0.509627 0.654345 0.064591 1 
   DPPH 0.334086 0.433971 0.180937 0.494326 -0.14459 1 

  Poliphenols -0.05802 0.000784 -0.33436 0.289985 -0.52025 0.722528 1 
 Flavonoids 0.017255 0.081755 -0.22226 0.405382 -0.58309 0.725721 0.944468 1 

 
 
4. DISCUSSION 
 
Results give evidence that using composts is possible to achieve higher yields than 
fertilizing with urea.  According to table 1 and figure 1, the compost with the highest 
macronutrient content was S, and plants fertilized with S had the best growth, but 
all composts improve the growth of lettuce, except M5. This is probably due to the 
release of compost nutrients: P has a role in physiological metabolic functions in 
plant tissues (Ojo and Obigbesen, 1999) and the N is the key nutrient for plant 
growth. Application of organic fertilizers probably enlarged nitrogen in the soil, this 
stimulates plant vegetative growth and increases leaf area, this increase causes a 
rise in the rate of plant photosynthesis; all these outcomes on higher leaf weight 
(Sanni, 2016). An EC value under the salinity limit value of 4 mS/cm is considered 
good for the fertilizers and it could indicate the stabilization and maturity of the 
composts (Liu et al., 2019), in this sense all composts were suitable to be used as 
fertilizers.   
 
Besides the pH plays a very important role in the bioavailability of nutrients, some 
authors said that the optimum is pH 7 because nutrients are more available; the 
compost S has the pH closest to the neutral value. The increase in pH in one unit 
decreases the concentration of Fe one thousand times and one hundred times the 
concentration of Mn+2 (Vale et al., 1997). The negative effect observed in compost 
M may be due to its pH value of 9.3, this is the most alkaline compost and the 
availability of N is significantly reduced at pH> 8.2; Cerozi and Fitzsimmons (2016) 
observed that an elevated pH level could decrease the availability of nutrients in 
plants. For this reason, compost M applied at 5% had no significant effect on the 
growth of lettuce because of the amount of nutrients available was reduced. With 
all of the composts, except M5, the lettuces grew in a greater proportion than in the 
unfertilized soil (C-).  
 
The results are in agreement with the reported benefits of the composts, as the 
compost acts as a storage and source of nutrients in the soil (Jong-Ho, 2000), after 
ammonification and nitrification, the compost is converted into essential elements 
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that are utilized by the plants (Meng et al., 2017). In addition, the organic matter 
influences the degree of aggregation and stability of soil aggregates, decreasing 
their density and increasing their porosity (Anikwe, 2000). Composts often avoid 
the movement of nutrients, in this way, the availability of minerals depends on its 
interaction with media and microorganisms (Santos et al., 2016). An increase in 
soil respiration after organic amendments was found by several authors and 
indicates an increase in microbial activity which is responsible of the nutrients 
release from the organic matter added to the soil (Morra et al., 2010) 
 
Composts S and V favored the growth of lettuce plants more than those prepared 
with manure (MV and M). These results suggest that the final properties and the 
effect of the composts as an organic fertilizer, depends on the nature of the waste 
used for the composting process, in the case of lettuce cultivation, it was better 
using vegetable waste. The use of compost where manure was used (M) did not 
favor the growth of lettuce plants; however, using the compost MV, better results 
were obtained than using mineral fertilization with urea. 
 
Some authors have also shown that the addition of compost in lettuce cultivation 
increases its growth, such as increasing the length, diameter, the number of 
leaves, fresh and dry weight and yield of lettuce (Kapoulas et al., 2017; Hernández 
et al., 2016; Khazei et al., 2013; Maqueda et al., 2011; Coria-Cayupan et al., 2009; 
Magkos et al., 2003). Besides the quality of lettuce in response to compost 
amendments has been reported, with substantial proportions of studies showing 
either lower or higher nutrients contents compared with the conventional field 
(Santos et al., 2016). 

 
Most of the composts improved the antioxidants content at week 8 compared with 
week 6; it was reported by Lizarazo et al. (2010) that antioxidants content in 
tissues of edible leaves, like lettuce increased with tissue age. There was no more 
production of antioxidants, polyphenols, and flavonoids using composts compared 
with Chem, it is conclusive that the addition of composts did not have an effect on 
the increase in the production of antioxidants compared to the use of urea, but with 
some of the composts increased DPPH at week 8 compared with treatment C-. 
There was no difference in the antioxidants measured applying composts made 
with vegetable waste or made with manure, contrary to the observed in the 
vegetative variables.  
 
There are contradictory results reported about the relationship on antioxidants 
production and addition of composts, for example, Santos (2016) observed that the 
cultivation of lettuce in the presence of compost enriched it in bioactive 
compounds, compared to the use of mineral fertilizer. However, Sofo et al. (2016) 
found that the cultivation of lettuce with traditional fertilization increased the content 
of phenolic acids compared to organic treatment; this may be due to stress 
conditions in terms of mineral deficiency; while there were no differences in 
flavonoid content between both types of fertilization. Kapoulas et al. (2017) 
reported that there was no difference in the total polyphenol content or the total 
antioxidants, in lettuce grown under traditional and organic fertilization scheme. 
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Durazzo et al. (2014) found no differences in the quantification of some phenolic 
compounds in lettuces grown organically, and under a conventional system in the 
period of July, but they found differences in lettuce grown in September. Galvez et 
al. (2005) evaluated various composts prepared with different residues to 
determine their effect on the production and antioxidant content of lettuce, and 
found an increase in phenolic compounds and high yield in lettuces grown with 
chestnut-based compost, besides an increase in phenolics but reduced production 
using compost prepared with white grapes. 
 
It has been reported that there are several factors involved in the synthesis of 
antioxidants. Galieni et al. (2015) reported that nutrition, environment stress, and 
agronomic conditions affect the production of antioxidants, for example: A nitrogen 
deficiency induces the accumulation of ascorbic acid, flavonoids, and flavonoids in 
arabidopsis and tomato. Nitrogen availability seemed to reduce total polyphenols 
and antioxidant activity (Coria-Cayupan et al., 2009). The phenolic amount in 
lettuce differs in response to cultivars (Llorach et al., 2008). Outdoor or indoor 
growing cultivation also affects as well as environmental stress (Zhao et al.,2009). 
Drought improves phenolics and antioxidant capacity (Oh et al., 2010). Lizarazo et 
al. (2010) found that the content of tocopherol in vegetables can be notably 
enhanced (or reduced) by simply selecting the appropriate harvesting time and/or 
by manipulating the environmental conditions during the growth period. 
 
For the results of this work can be state that there was a significant difference 
between the lettuces that grew fertilized with the different composts compared with 
soil without fertilizing (C-) or fertilized with urea (Chem). The measurements of 
height, fresh and dry weight, foliage volume and leaf area per plant, showed 
greater growth in the presence of the composts. With composts prepared with plant 
residues (V and S), greater growth was obtained than those prepared with manure 
(M and MV); the type of material used to prepare the composts, had a significant 
effect on the crop, in the case of lettuce is recommended compost prepared with 
vegetable residues. The content of antioxidants in lettuces fertilized with any of the 
composts, compared with Chem was similar; however, with some of the treatments 
using composts were registered higher DPPH values than C-. The use of composts 
represents many benefits, vegetable waste or manure could be used to produce 
organic fertilizers, which improve plant growth compared with fertilization with urea. 
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