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Research Article

Organic fertilization in the production and 
chemical composition of non-conventional leafy vegetables1

Deborah Sepini Batista2, José Ricardo Mantovani3, 
Luis Felipe Lima e Silva3, Douglas Correa de Souza4, Paulo Roberto Corrêa Landgraf3

INTRODUCTION

Non-conventional vegetables, also called non-
conventional food plants, are plants that have one 
or more parts that can be consumed, such as fruits, 

ABSTRACT RESUMO

flowers, leaves, tubers and seeds. They are native or 
exotic, with spontaneous growth (being frequently 
confused with weeds) or grown in a simple way, as 
they present little demand, in relation to cultivation 
techniques (Kinupp & Lorenzi 2014).
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Non-conventional leafy vegetables can be a good source 
of nutrients for the human diet, but there is little information 
on fertilization for these species. This study aimed to evaluate 
the effect of organic fertilization with cattle manure on the 
production and chemical composition of non-conventional leafy 
vegetables. The experiment was conducted in a greenhouse, in 
pots. The factors under study were non-conventional leafy species 
(Rumex acetosa, Stachys byzantina and Lactuca canadensis) and 
cattle manure doses (0; 5; 10; 15; and 20 t ha-1), arranged in a 
3 x 5 factorial scheme, in a randomized block design, with four 
replications. At harvest, the following parameters were evaluated: 
stem diameter; total number of leaves; number of leaves with 
commercial standard; shoot fresh and dry matter; macro and 
micronutrients concentration and accumulated amounts in the 
shoot. The fertilization with cattle manure altered the stem 
diameter, number of leaves with commercial standard, shoot 
fresh and dry matter, as well as the accumulation of the nutrients 
N, P, K, Ca, Fe, Mn and Zn in the shoot of the three species 
studied. The additions obtained varied from 1.1 to 2.1 times, 
in relation to the treatment without organic fertilization, and 
the dose equivalent to 20 t ha-1 was the most adequate one. The 
organic fertilization with cattle manure increases the production 
and accumulation of nutrients in the non-conventional vegetables 
evaluated, with R. acetosa presenting a nutrient accumulation 
higher than S. byzantina and L. canadensis.

KEYWORDS: Rumex acetosa L., Stachys byzantina K. Koch, 
Lactuca canadensis L., cattle manure, non-conventional food 
plants.

Adubação orgânica na produção e composição 
química de hortaliças folhosas não convencionais

As hortaliças folhosas não convencionais podem ser uma boa 
fonte de nutrientes para a dieta humana, mas há poucas informações 
sobre adubação para essas espécies. Objetivou-se avaliar o efeito da 
adubação orgânica com esterco bovino na produção e composição 
química de hortaliças folhosas não convencionais. O experimento 
foi conduzido em casa-de-vegetação, em vasos. Os fatores em 
estudo foram espécies de hortaliças não convencionais (Rumex 
acetosa, Stachys byzantina e Lactuca canadensis) e doses de esterco 
bovino (0; 5; 10; 15; e 20 t ha-1), arranjados em esquema fatorial 
3 x 5, em delineamento de blocos ao acaso, com quatro repetições. 
Na colheita, foram avaliados o diâmetro de caule, número total de 
folhas, número de folhas com padrão comercial, matéria fresca e seca 
da parte aérea, concentração e quantidades acumuladas de macro 
e micronutrientes na parte aérea. A adubação com esterco bovino 
alterou o diâmetro de caule, número de folhas com padrão comercial, 
matéria fresca e seca da parte aérea, bem como o acúmulo dos 
nutrientes N, P, K, Ca, Fe, Mn e Zn na parte aérea das três espécies 
estudadas. Os acréscimos obtidos variaram de 1,1 a 2,1 vezes, em 
relação ao tratamento sem adubação orgânica, e a dose equivalente 
a 20 t ha-1 foi a mais adequada. A adubação orgânica com esterco 
bovino aumenta a produção e o acúmulo de nutrientes nas hortaliças 
não convencionais avaliadas, sendo que R. acetosa apresenta maior 
acúmulo de nutrientes do que S. byzantina e L. canadensis.

PALAVRAS-CHAVE: Rumex acetosa L., Stachys byzantina 
K. Koch, Lactuca canadensis L., esterco bovino, plantas 
alimentícias não convencionais.
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Non-conventional vegetables were very 
appreciated in the past, but they have gradually been 
devalued and become underutilized (Viana et al. 
2015). However, these plants still represent a quality 
food alternative, as they have high levels of vitamins, 
minerals and fibers, in addition to antioxidant 
compounds (Viana et al. 2015, Silva et al. 2018b, 
Silva et al. 2019, Botrel et al. 2020).

Kinupp & Barros (2008) found levels of 
protein and mineral salts, such as P, Ca, Fe and 
Zn, in non-conventional vegetables higher than in 
commercial species of similar use, showing the high 
nutritional potential of these species.

In Brazil, there is a great diversity of non-
conventional vegetable species. Among the leafy 
vegetables, Rumex acetosa L., Stachys byzantina K. 
Koch. and Lactuca canadensis L. have been gaining 
space and arousing the interest of producers and the 
consumer market (Silva et al. 2017, Silva et al. 2018a, 
Oliveira et al. 2019, Oliveira et al. 2020).

Organic fertilization is frequently used for 
growing vegetables (Peixoto Filho et al. 2013, Yagi 
et al. 2020). Cattle manure is one of the organic 
fertilizers most widely used in agriculture (Braos 
et al. 2015), and can provide improvements in 
aggregation, porosity, nutrient supply and increase in 
the soil cation exchange capacity (Alencar et al. 2015, 
Mantovani et al. 2017, Padilha Júnior et al. 2020).

The positive effects of organic fertilization 
with cattle manure on the growth and production of 
conventional vegetables are frequently reported in 
the literature (Peixoto Filho et al. 2013, Mantovani 
et al. 2017). However, for non-conventional 
vegetables, this subject is still poorly studied. Thus, 
in the cultivation of these species, adaptations of the 
fertilization recommended to conventional vegetables 
are common, or even the use of fertilization without 
technical criteria (Souza et al. 2018, Xavier et al. 
2019).

In view of that, this study aimed to evaluate 
the effect of fertilization with cattle manure on 
the production and chemical composition of non-
conventional leafy vegetables. 

MATERIAL AND METHODS

The experiment was conducted in pots, in a 
greenhouse, in Machado, Minas Gerais state, Brazil, 
from November 2019 to March 2020.

A randomized block design was used, in a 
3 x 5 factorial scheme, with four replications, totaling 
60 experimental units. The treatments consisted of a 
combination of three non-conventional leafy vegetables 
(Rumex acetosa L., Stachys byzantina K. Koch. and 
Lactuca canadensis L.) and five doses of cattle manure, 
based on soil volumes equivalent to 0; 5; 10; 15; and 
20 t ha-1. Non-conventional vegetable species have been 
defined as having a similar cycle, and the used cattle 
manure doses are frequently recommended in vegetable 
cultivation (Raij et al. 1997, CFSEMG 1999).

A total of 350 dm3 of a clayey soil, collected 
from the superficial layer (0-20 cm) and not used 
for cultivation for several years, was air-dried and 
shaded, ground, passed through a 4-mm mesh sieve 
and was sampled for an initial routine chemical 
analysis (Silva 2009) (Table 1).

The cattle manure used in the experiment 
was air-dried and shaded, passed through a 4-mm 
mesh sieve and was sampled for determination of 
moisture, pH and chemical composition, on a dry 
basis (Tedesco et al. 1995) (Table 2).

The soil density was determined, and portions 
equivalent to 5.0 dm3 of soil were weighed and 
received dolomitic limestone to raise the initial soil 
base saturation (V) to 60 %, while the tanned manure 
doses were set according to the treatments. After 
mixing the limestone and organic fertilizer with each 
soil portion, they were transferred to 5.5-dm3 pots, 
moistened at 70 % of the field capacity and remained in 
incubation for 30 days. During incubation, the moisture 
was controlled every two days, in order to maintain 
the soil moisture at about 70 % of the field capacity.

After incubation, each pot received a non-
conventional vegetable seedling, according to the 
treatments. The seedlings used in the experiment came 
from the germplasm collection of non-conventional 
vegetables owned by the Universidade Federal de 

OM: organic matter; P: extracted by Mehlich; H + Al: potential acidity; SB: sum of bases; CEC: cation exchange capacity at pH 7.0; V: base saturation; m: Al3+ saturation.

OM pH P K+ Ca2+ Mg2+ Al3+ H + Al SB CEC V m
g dm-3 (CaCl2) mg dm-3 ______________________________________ mmolc dm-3 ______________________________________ _______ % _______

35 4.5 34 4.2 19 6 4 64 29 93 31 12

Table 1. Initial chemical analysis of the soil used in the experiment.
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Lavras. The R. acetosa and S. byzantina seedlings were 
obtained from clumps of parent plants and transplanted 
directly into the pots. The L. canadensis seedlings were 
obtained after propagation by indirect sowing in trays 
of 128 cells and transferred to the pots after one month 
of formation, when they had four definitive leaves.

The experiment was conducted for 90 days 
after the transplantation. The soil moisture in the pots 
was periodically controlled, manually, by replacing 
the lost water, in order to maintain the soil moisture 
in each pot at about 70 % of the field capacity. 
During the conduction of the experiment, the 
mineral fertilization complementary to the organic 
fertilization of the treatments was not performed.

At the harvest time, the following parameters 
were evaluated for each plant: stem diameter; total 
number of leaves; number of leaves with commercial 
standard (i.e., leaves larger than 10 cm for R. acetosa, 
8 cm for S. byzantina and 20 cm for L. canadensis; 
Brasil 2010); and production of shoot fresh matter. 
Subsequently, the plant shoot was washed and dried 
in a forced air oven at about 65 ºC, until constant 
weight, for obtening the shoot dry matter.

The shoot dry matter was ground in a Willey 
mill, and the samples were evaluated for chemical 
composition by determining the concentration of 
macro (N, P, K, Ca, Mg and S) and micronutrients 
(B, Cu, Fe, Mn and Zn) (Carmo et al. 2000). 
The nutrient accumulation in the plant shoot was 
obtained by multiplying the values of dry matter and 
concentration of nutrients in the shoot.

The obtained results were subjected to analysis 
of variance, using the F test. Subsequently, they were 
subjected to the means comparison test (Tukey; 
p < 0.05) and polynomial regression, using the Agroestat 
software (Barbosa & Maldonado Júnior 2015).

 
RESULTS AND DISCUSSION

The organic fertilization with cattle manure 
influenced (p < 0.01) all the growth parameters of the 

non-conventional vegetables studied (stem diameter, 
number of leaves with commercial standard, shoot 
fresh and dry matter), except for the total number of 
leaves. There was a significant difference in growth 
parameters among the non-conventional vegetable 
species, since they have intrinsic characteristics. For 
stem diameter and number of commercial leaves, there 
was a significant interaction between the cattle manure 
doses and non-conventional vegetable species.

There was a linear increase in stem diameter 
for S. byzantina (E2) with the cattle manure doses. 
For L. canadensis (E3), the effect was quadratic, 
with an increase in stem diameter up to an estimated 
dose of 10.5 t ha-1. However, R. acetosa (E1) showed 
no changes in stem diameter with the organic 
fertilization, and the average value obtained was 
30.3 mm (Figure 1A).

There was a linear increase in the number of 
leaves with commercial standard for S. byzantina (E2) 
with the cattle manure doses, and the values ranged 
from 12 to 19 leaves per plant, corresponding to an 
increase of 1.6 times, when comparing the treatment 
that received the highest dose of cattle manure 
(equivalent to 20 t ha-1) with the control, which 
did not receive organic fertilization (Figure 1B). In 
relation to R. acetosa (E1) and L. canadensis (E3), the 
leaves with commercial standard increased up to the 
estimated doses of 8.3 and 11.2 t ha-1 of cattle manure, 
respectively. The additions obtained in relation to the 
control were 1.2 and 1.5 times, with estimated values 
varying from 16 to 19 for E1 and from 9 to 13 leaves 
per plant for E3.

The production of shoot fresh and dry matter 
of the three non-conventional leafy vegetables was 
adjusted to the linear model, as a function of organic 
fertilization (Figures 1C and 1D). The increases 
obtained for shoot fresh matter were 1.1, 1.8 and 1.3; 
while, for shoot dry matter, they were 1.3, 2.0 and 1.5 
times, respectively for R. acetosa (E1), S. byzantina 
(E2) and L. canadensis (E3), when comparing the 
treatment that received the equivalent to 20 t ha-1 of 

Moisture pH C N C/N ratio P K Ca
% (CaCl2) _______________ g kg-1 _______________ __________________ g kg-1 __________________

6.3 7.9 127 7 18 3 7 4
Mg S-SO4

2- B Cu Fe Mn Zn
_____________________ g kg-1 _____________________ _______________________________________________________ mg kg-1 ______________________________________________________

2 2 101 19 32.202 219 44

Table 2. Moisture, pH and chemical composition, on a dry basis, of the cattle manure used in the experiment.
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cattle manure with the control. Thus, the shoot fresh 
and dry matter yields varied, respectively, from 83.0 
to 91.4 and from 11.8 to 15.1 g plant-1 for E1, from 
27.0 to 48.6 and from 5.1 to 10.4 g plant-1 for E2, and 
from 61.7 to 79.1 and from 8.5 to 12.4 g plant-1 for E3.

Non-conventional vegetables are considered 
more rustic and, therefore, less demanding, in relation 
to soil fertility conditions, than other vegetables 
(Viana et al. 2015). However, in this study, R. acetosa 
(E1), S. byzantina (E2) and L. canadensis (E3) 
responded positively to the organic fertilization with 
cattle manure, in soil with an average initial condition 
of fertility for the cultivation of vegetables, according 
to the classes established by the CFSEMG (1999) and 
Silva et al. (2017). Silva et al. (2018a) also observed 
increases in the yield of S. byzantina and R. acetosa 
with the use of fertilizer. However, in the studies by 
Silva et al. (2017) and Silva et al. (2018a), mineral 
fertilization was used instead of the organic one.

There was no interaction between the 
treatments (non-conventional vegetable species and 
cattle manure doses), in relation to the accumulation 
of macronutrients in the plant shoot. The accumulated 
amounts of N, P, K and Ca in the shoot of R. acetosa 
(E1), S. byzantina (E2) and L. canadensis (E3) 
increased linearly with the doses of cattle manure 
(Figures 2A, 2B, 2C and 2D).

For R. acetosa (E1), the increases obtained in 
relation to the accumulation of N, P, K and Ca in the 
shoot were 1.2, 1.2, 1.9 and 1.4 times, respectively, 
when comparing the treatment that received 
the highest dose of cattle manure (equivalent to 
20 t ha-1) with the control treatment (without organic 
fertilization). In relation to S. byzantina (E2), the 
increases observed in relation to the accumulation 
of N, P, K and Ca were 1.1, 1.2, 1.2 and 1.3 times, 
when comparing the extreme treatments. As for 
L. canadensis (E3), the increases observed in relation 

(A)

(D)(C)

(B)

Figure 1. Stem diameter (A), number of leaves with commercial standard (B), shoot fresh (C) and dry (D) matter of the non-conventional 
vegetables Rumex acetosa (E1), Stachys byzantina (E2) and Lactuca canadensis (E3), as a function of fertilization with 
cattle manure. *, ** and  NS: significant at 5 % (p < 0.05) and 1 % (p < 0.01) and non-significant (p > 0.05), respectively.
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to the accumulation of these macronutrients were 
1.3, 1.3, 1.4 and 1.5 times. Thus, the accumulated 
amounts of N, P, K and Ca in the shoot of the species 
varied, respectively, from 247 to 298, 46 to 56, 458 to 
880 and 58 to 81 mg plant-1 for E1; from 260 to 294, 
23 to 28, 501 to 604 and 62 to 79 mg plant-1 for E2; 

and from 150 to 196, 23 to 31, 500 to 681 and 63 to 
97 mg plant-1 for E3.

The accumulated amounts of Mg and S in 
the shoot did not vary with the organic fertilization, 
and the mean values obtained were 57 and 16, 28 
and 12, and 21 and 14 mg plant-1, respectively for 

Figure 2. Accumulated amounts of the macronutrients N (A), P (B), K (C), Ca (D), Mg (E) and S (F) in the shoot of Rumex acetosa 
(E1), Stachys byzantina (E2) and Lactuca canadensis (E3), as a result of fertilization with cattle manure. *, ** and  NS: 
significant at 5 % (p < 0.05) and 1 % (p < 0.01) and non-significant (p > 0.05), respectively.

(F)(E)

(A)

(D)(C)

(B)
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R. acetosa (E1), S. byzantina (E2) and L. canadensis 
(E3) (Figures 1E and 1F).

The improvement in the soil fertility 
conditions, particularly in relation to the increase in 
the availability of N, P, K and Ca with the organic 
fertilization, possibly explains the increase in the 
accumulated amounts of these macronutrients in the 
shoot of the non-conventional vegetables studied.

There was a significant effect (p < 0.01) of the 
fertilization with cattle manure on the accumulated 
amounts of the micronutrients Fe, Mn and Zn in the 
shoot of the non-conventional vegetables. However, 
the accumulated amounts of B and Cu in the plant 
shoot did not change (p > 0.05) with the organic 
fertilization. The accumulation of micronutrients in 
the shoots varied significantly (p < 0.01), according to 
the plant species. There was an interaction (p < 0.01) 
of the treatments only in relation to the accumulation 
of Fe and Zn in the plant shoot.

The accumulated amounts of Fe and Mn in 
the shoot of R. acetosa (E1) and Fe in S. byzantina 
(E2) increased linearly with the organic fertilization. 
In these cases, the values ranged from 3,318 to 
6,551; 2,352 to 3,256; and 3,317 to 7,068 µg plant-1, 
respectively, corresponding to increases of 2.0, 1.4 
and 2.1 times, when comparing the treatment that 
received the equivalent to 20 t ha-1 of cattle manure 
with the control (Figures 3C and 3D).

Figure 3. Accumulated amounts of the micronutrients B (A), Cu (B), Fe (C), Mn (D) and Zn (E) in the shoot of the non-conventional 
vegetables Rumex acetosa (E1), Stachys byzantina (E2) and Lactuca canadensis (E3), as a result of fertilization with cattle 
manure. ** and  NS: significant at 1 % (p < 0.01) and non-significant (p > 0.05), respectively.

(A)

(D)

(C)(B)

(E)
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In relation to the Mn accumulation in the shoot 
of S. byzantina (E2) and Fe and Mn in L. canadensis 
(E3), the results adjusted to the quadratic model, and 
the observed increases were, respectively, 1.1, 1.5 and 
1.6 times, when comparing the extreme treatments. 
As a result, the variation in values ranged from 747 
to 857; 1,477 to 2,224; and 517 to 827 µg plant-1, 
respectively.

For Zn, the amounts accumulated in the shoot 
of R. acetosa (E1), S. byzantina (E2) and L. canadensis 
(E3) increased up to the estimated doses of 20.0, 11.8 
and 10.1 t ha-1 of cattle manure, respectively, with 
values ranging from 446 to 784, 338 to 421 and 305 
to 491 µg plant-1 (Figure 3E).

Among the non-conventional vegetable 
species studied, R. acetosa (E1) showed a greater 
accumulation of most nutrients (P, K, Mg, S, B, Cu, 
Mn and Zn) than S. byzantina (E2) and L. canadensis 
(E3), what shows that it has a higher demand for 
nutrients than the others (Figure 4).

In relation to N and Fe, R. acetosa and 
S. byzantina presented similar and superior 
accumulations, in relation to L. canadensis. However, 
the accumulated amount of Ca in L. canadensis 
plants was higher than in the others. Considering the 

non-conventional vegetables evaluated, in general, 
the following increasing sequence of nutrient 
accumulation in the shoot was obtained: K > N > 
Ca > Mg > P > S for macronutrients, as well as Fe > 
Mn > B > Zn > Cu for micronutrients.

In relation to the concentration of nutrients 
in the shoot of R. acetosa, S. byzantina and 
L. canadensis, the values obtained for the treatment 
that received the highest dose of cattle manure 
were, respectively, 23, 33 and 25 g kg-1 of N; 5, 3 
and 3 g kg-1 of P; 73, 56 and 59 g kg-1 of K; 5, 8 and 
10 g kg-1 of Ca; 4, 4 and 3 g kg-1 of Mg; 1, 2 and 
2 g kg-1 of S; 56, 48 and 39 mg kg-1 of B; 7, 7 and 
7 mg kg-1 of Cu; 548, 529 and 345 mg kg-1 of Fe; 198, 
109 and 98 mg kg-1 of Mn; 42, 47 and 37 mg kg-1 of 
Zn. These values, except for Mn and Fe, are within 
the nutrient concentration range considered suitable 
for conventional leafy vegetables such as lettuce, 
endive, chicory, spinach and arugula (Trani et al. 
2014).

The concentrations of Mn and Fe in the 
studied non-conventional vegetables are above 
those normally found in leafy vegetables (Trani et 
al. 2014). These results corroborate those obtained 
by Silva et al. (2017), Silva et al. (2018a) and Botrel 

Figure 4. Average accumulation of the macronutrients N and K (A); P, Ca, Mg and S (B); and the micronutrients B, Cu and Zn (C); 
Fe and Mn (D), in the shoot of Rumex acetosa (E1), Stachys byzantina (E2) and Lactuca canadensis (E3). The same letters 
for each evaluated nutrient do not differ by the Tukey test (p > 0.05).

(A)

(D)(C)

(B)
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et al. (2020), who also found high concentrations of 
nutrients in non-conventional vegetables, particularly 
in relation to Fe.

Nutritional deficiencies, such as of Fe and 
Zn, are frequent in the population (Possobom et al. 
2015, Oliveira et al. 2016), and the studied non-
conventional vegetables may be a good source of 
nutrients for the population diet, especially that of 
low income, being an alternative to food security. 
Regarding organic fertilization, according to most 
the results obtained in this study, it seems that the 
dose of 20 t ha-1 of cattle manure is the most suitable 
one for the non-conventional vegetables R. acetosa, 
S. byzantina and L. canadensis.

 
CONCLUSIONS

1. Organic fertilization with cattle manure increases 
the production and accumulation of nutrients in 
the non-conventional vegetables Rumex acetosa, 
Stachys byzantina and Lactuca canadensis;

2. R. acetosa has a greater nutrient accumulation than 
S. byzantina and L. canadensis.
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