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Abstract: The Soil Organic carbon (COS) is part of the organic matter which influences its properties. Currently, the topic is 
being researched. Therefore, the reserves in relation to the different vegetal coverings in the soils are studied. The objective of 
the study is to evaluate the changes in the (COS) with different managements of Canavalia ensiformis as green manure/crop 
coverage (AV/CC) at the Orchard Santiago 2 basic unit of production (UBPC). The production of fresh and dry biomass, the 
contribution of carbon from the biomass to the soil, the reserves of organic carbon CO, the total organic carbon as well as the 
organic carbon present in the humic substances were analyzed. The results showed a positive effect on the different Canavalia 
managements by increasing COS reserves in each treatment. A better response to treatments with incorporative and permanent 
Canavalia coverage in relation to the control in its initial state in the soil was also observed. 
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1. Introduction 

Organic C has the function of being a nutrient source, 
increases cation exchange capacity (CIC), promotes soil 
aggregation, besides being a source of energy for 
microorganisms, is a temperature regulator and acts as Buffer 
regulating the abrupt changes of pH [1-3]. In the light of 
these times, existing research [4] does not rule out 
investigating the dynamics of organic carbon (CO) in soils as 
it establishes gains and losses associated with vegetation 
disturbances and management practices. In the light of these 
times, existing research [4] does not rule out investigating the 
dynamics of organic carbon (CO) in soils as it establishes 
gains and losses associated with vegetation disturbances and 
management practices. 

The Canavalia ensiformis, is one of the most used legumes 

as a green manure for the contribution it makes to the 
improvement of soil properties. Today, the use of green 
manures is advocated for obtaining income in organic matter 
and for improving soil physical and chemical conditions with 
sustainability. Some studies [5] of different legumes make 
known that they increase the CO of the soil; Other authors 
[6] refer to the use of legumes to take advantage of them in 
producing phytomass; And also to be used as a function of 
the sequestration of carbon, in the improvement of the 
content of the organic matter and the structure of the soil [7]; 
and others consider that the Canavalia ensiformis (AV/CC) 
improves the physical properties (quantitative and 
qualitative) of the soil, mainly if it is incorporated, or is 
maintained permanently in the soil [8]. 

Specifically, the carbon content in organic matter varies 
from 40 to 58 %; however, in humic substances they 
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comprise 60 to 80 % of the MOS [9]. Humic substances 
(humic acids, fulvic acids and humins), given their 
composition, prevent the soil from compacting, transport 
nutrients from the soil to the plant, retain water, stimulate the 
proliferation of the microflora; Its main function is to 
complex and remove metals, as well as substances (chemical 
and organic) of anthropogenic origin, as well as water 
contaminants [10]. 

In very few works consider these humic substances (SH) 
as a continuous process of transformation of various forms of 
carbon (C) in the environment, which go through a state of 
relative equilibrium for a while [11]. These substances 
contain an abundance of phenolic and carboxylic groups with 
different molecular weights, being necessary for agricultural 
production and for the maintenance of environmental 
functions [12]. 

The soil under study contributes to the agricultural 
development of the region; its areas with low content of 
organic matter among other problems are associated with the 
application of inadequate management practices among other 
causes; which limits the use of the soil and its production. 
This work I consider essential, to evaluate the impact of the 
use of the legume Canavalia ensiformis in the increase of the 
organic carbon of the soil. 

2. Materials and Methods 

2.1. Experimental Procedure 

The trial carried out in areas of the Huerto Santiago 2 basic 
unit of production (UBPC), in a municipality of Santiago de 
Cuba on June 2014/2015, in Fluvisol Differentiated soil [13]. 
Canavalia ensiformis (L) was established as a rainfed cover 
crop. A random block was used, with four treatments and 
four replications. Canavalia ensiformis (L) was established 
as a rainfed cover crop. A random block was used, with four 
treatments and four replications. Treatment I (Cn): absolute 
control, coverage and natural soil fertility. Treatment II (CCs 
/ i): The Canavalia coverage in the soil was established until 
80 days, the biomass was cut, chopped and exposed on the 
ground for 72 hours. Treatment III (CC / i): the Canavalia 
coverage at 80 days was cut, fractioned, exposed on the 
ground for 72 hours and subsequently incorporated into the 
soil. Treatment IV (CC / p): the coverage of the legume was 
maintained permanently for 120 days (the growth of the plant 
is not interrupted). Plots were established with a total area of 
30 m2, and sowing at 0,75 m between rows and 0,25 m 
between plants. 

Samples were evaluated on the soil, one at 0 days (before 
planting) and another at 120 days (after the treatments were 
established); samples of 10-15 g were taken in each stitch in 
the sample collection, composed of 30 subsamples; at the 
depth of 0 - 20 cm; with an agrochemical auger, selected 
diagonally (English flag). 

Evaluations carried out 
Contribution of biomass production and carbon from 

biomass to soil. 

The production of the legume in biomass (fresh and dry) 
was determined at 80 days; five complete plants were taken 
at random within the calculation area. Samples of selected 
plants (leaves, stems and roots; (g / plant) were weighed and 
left in the oven for 72 °C until a constant weight was 
obtained, then weighed again and expressed in t ha-1. 

Then the contribution of C of Canavalia biomass was 
obtained, as described in the previous paragraph; the stock or 
storage of (CBIOMASA) of the plant is estimated by the method 
proposed by [14], for herbaceous species. The average 
carbon fixed was converted into tons and multiplied by the 
absolute density of the species, and generated carbon 
accumulation C / ha according to the formula: CA = dae * Ct. 
Being: CA: carbon accumulated by the species in (t C ha-1); 
dae: absolute density of the species in plants per ha; Ct: 
average carbon fixed at t C per plants. 

The ratio and / or conversion of Biomass-C-CO2 was then 
estimated, by reason of the equivalence in t CO2 by two 
ways: 

(1) 1 TC is equivalent to 3.67 t of CO2 obtained as a 
function of the molecular weights of C and CO2, where 1 t 
biomass +/- 0,5 TC [15] and the formula: 

(2) CO2 equi = CA * 44 moles CO2 / 12 moles C. 
Being CO2 equi: tons per hectare of CO2 (tha-1CO2). CA: 

carbon accumulated by the species [14]. 

2.2. Determination of COS Content 

The content of COS (%) was determined at the beginning 
(0 days) and at 120 days by the analytical method [16]. From 
the CO content obtained, the total organic carbon (TOC) 
content was estimated and / or determined in the samples, 
according to the proposed equation [3]: 

COT = CO * Da * P * 10, 
Where: COT: Total organic carbon in soil per surface 

(Mgha-1); CO: Total organic carbon (%); Da: Apparent 
density (Mgm-3); P: Depth of the soil (m). 

2.3. Determination of Organic Carbon Content Present in 

Humic Substances 

The analysis of the organic carbon content in the humic 
fraction of the soil was determined according to [16]. This 
method oxidizes the organic C of the soil by means of the 
solution of potassium dichromate (K2Cr2O4) and mixes with 
concentrated sulfuric acid (H2SO4) to 96-98 %, is based on 
the differences of solubilities of the humic substances of 
acids and bases. As a result, extractable or extractable CO 
was obtained in the fraction and organic soil carbon (COS), 
humic acid (AH), and fulvic acid (AF) were determined [17]. 
Then we proceeded to read the absorbance together with a 
glucose pattern in the Spectrophotometer Genesis 10S UV-
VIS. 

2.4. Statistical Analysis 

The results obtained in the evaluated years did not differ, 
they were processed in correspondence to the year 2014. For 
this, the statistical analysis was carried out with the 
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Statgraphics plus version 5.1 package. 

3. Results and Discussion 

3.1. Effects of Canavalia on the Production of Biomass and 

on Carbon from Biomass to Soil 

Contributions were made in the production of total fresh 
biomass of 31,72 t ha-1, of them 17,43 of leaf, 11,79 of stem 
and 2.5 of root, with the dry biomass obtained 6,6 t ha one. 
The fresh biomass obtained is in the range reported [18] in 
Cuba, where the Canavalia contributions ranged between 10 - 
67 t ha-1 of fresh biomass. In the study, Canavalia's 

contributions in fresh and dry biomass were remarkable and 
significant considering the conditions of the soil and the 
region. 

The results obtained prove that the estimate of the stock or 
warehouse of CBIOMASA of Canavalia for the conditions under 
study reported values of 3,4 t C ha-1 of total dry biomass 
(BS); distributed in 1,75 t C ha-1 in leaves; 1,33 in stems and 
0,32 t C ha-1 in roots. As a consequence of the contribution of 
CBIOMASA subsequently, the estimated Biomass - C - CO2 ratio 
is obtained; these results are framed by normal adsorption 
rates in the tropics. 

Table 1. Estimation of the stock or storage of C in the Canavalia biomass and the Biomass-C-CO2 ratio at 80 days. 

CBIOMASA (t C ha-1) 
Biomasa - C - CO2 

Hoja Tallo Raíz Total 

(%) (t CO2 ha-1) 
51,5 39,1 9,4 100 24,98 

 
CBIOMASA (t C ha-1): contribution of C for biomass; 

Biomass - C - CO2 (t CO2 ha-1): carbon retained in the soil; 
according to [14] and [15]. 

Values similar to the estimate of C obtained in the dry 
biomass, were studied by other authors in herbaceous plants 
finding values between 50,9 % [18] and in Canavalia 50,1 % 
[19]. 

The obtained result supposes a capture of CO2 of the 
atmosphere on the part of the plant, this contribution of 
CBIOMASA is later reintegrated or returned to the soil; then, a 
contribution between soil - plant as a warehouse is 
established; this conversion and transformation process also 
shows effective changes in the soil (physical, chemical and 
biological). 

However, these results depend on the type of species, 
coverage, place, production system and soil among others. 
Undoubtedly, coverage with rapid growth and development 
admits to fix a greater amount of C in the process of 
photosynthesis. In this regard, it is considered possible that 
the [20] permanent vegetation cover fulfill the role of C 
sinks. Other authors [21] refer to the effect of the AV / CC on 
greenhouse gases (GHG), the mitigation of change climate; 
and they emphasize in preliminary studies that when green 
fertilizers (AV) are incorporated and managed as vegetable 
cover, given their low C / N ratio, they are capable of 
stimulating the decomposition of OM and therefore of C - 
CO2. 

3.2. Effect of Canavalia Ensiformis on the Increase of the 

Organic C of the Soil 

In Figure 1, there are discrete increases in the levels of 
organic carbon (CO) and total organic carbon (TOC) in the 
soil with differences between treatments. The results reveal 
that the contribution of carbon estimated in the biomass and 
determined initially (Table1) affects the content or 
subsequent gain of the element in the soil (Figure 1). 

 

 

Figure 1. Organic carbon (CO, (%) and total organic carbon (TOC, (t ha-1) 

in Fluvisol soil Differentiated with C. ensiformis at 0 and 120. Means with 

different letters in the same column differ from each other. According to the 

Duncan test for p ≤ 0.05 Legend: Cn: Natural soil cover, CCs / i: Canavalia 

cover without incorporation, CC / i: Canavalia coverage incorporated, CC / 

p: permanent Canavalia coverage. 

So it is shown there is an improvement in soil fertility in 
relation to the soil in the initial state. The natural coverage 
(Cn) at the beginning (0 days) and at 120 days had 
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differences; these species of herbaceous plants fix C [22] 
according to their constitution in fallow soil and do not make 
contributions compared with green manures. However, the 
Canavalia coverage without incorporation (CCs / i) did not 
modify the content of the CO in the soil, unlike the COT; one 
could think of possible losses due to the management carried 
out, due to the exposed biomass, generating possible losses 
of the C fixed by volatilization in the form of CO2. 

The CO and COT in the CC/i and CC/p treatments also 
had increases, a result that responds to the conversion of the 
C accumulated in the biomass and described previously 
(Table 1). 

The superior results found in the CC / p show that the 
natural biological cycle of the fertilizer is necessary to occur 
in order to favor the kidnapping of carbon and the biological 
fixation of the N, since it contributes to the benefit of other 
processes that occur in the soil, and of course the 
contribution of this element is greater. The foregoing 
conceives that the decomposition and the humification 
processes to be improved are more lasting in time due to the 
permanence of the coverage that occurs in the soil; because it 
increases the C in a stable way, keeps the temperatures low 

and increases the humidity in it and also decreases it in the 
evapotranspiration in the soil. These results are later reflected 
in how they affect composition and increase in the organic 
fraction of the soil. 

3.3. Effect of Canavalia Ensiformis on the Increase of 

Carbon Present in the Humic Substances of the Soil 

The values obtained in the extractable organic C of the 
solution (soil organic carbon (COS) and carbon present in 
humic acid (CAH)) show an evolution of their values over 
time, with significant differences between treatments with 
Canavalia and the natural ground cover (Figure 2). 

The COS and CAH of the Cn at 0 days was exceeded 120 
days, but greater increases were obtained in the variables 
with the green manure management, mainly with Canavalia 
coverage incorporated and permanent. However, the same 
results were not presented for the CAF, which showed a 
decrease in all cases with respect to the initial state of the 
soil. In the natural coverage (0 days) there was a 
predominance of C present in AF in relation to C present in 
AH. 

 

Figure 2. C content in the humic fraction of the soil at 0 and 120 days. According to Duncan's test for p ≤ 0.05. Caption: COS (organic soluble C, (g.kg-1C): 

ES (x).0.353 *** CAF (organic C in fulvic acid, (g.kg-1C): ES (x).039 ***. CAH (organic C in humic acid, (g.kg-1 C) ES (x).0547 ***. Legend: Cn: natural 

cover, CCs/i: Canavalia coverage without incorporating, CC/i: Canavalia cover Incorporated, CC/p: Permanent Canavalia Coverage. 

This predominance of AF over AH [17] indicates 
unfavorable characteristics for organic waste humus in 
relation to soil and C in fulvic acids (CAF), being an 
indicator of MOS condensation; also in weathered soils, 
these are high due to factors conditioned by continued tillage, 
lack of cover, environmental and territorial conditions; 
causing interruption in the soil humification process. 

However, after 120 days there was an increase in the CAH 
in the treatment of Cn in favor of the humification process, 
assuming that there was a fixation or capture of C for the 
natural cover, and propitious modifications in the MOS and 
humic substances. Then, the natural cover (herbaceous plants 

or undesirable vegetation) [24] fixes C, accumulates nutrients 
and prevents the leaching of them in smaller quantity. 

The use of Canavalia in the trial, at 120 days reverses the 
predominance of CAF in the soil, with the prevalence of 
CAH in all treatments; shows a marked evolution and 
availability of carbon in humic acids (CAH) compared to the 
control. The effects found are based on perception, and reveal 
the entry of C into the humic fraction of the soil and the 
continuous addition of it through dissimilar chemical and 
biological processes; then this result: it is based on an 
increase in the decomposition of MOS, with greater 
availability of C and also nutrients that promote chemical 
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interactions with carbonaceous bases in which 
microorganisms participate. 

This could also explain that the C entered in the soil 
solution (Table 1, Figure 1) Flows in the proper direction to 
stabilize the degree of condensation of aromatic structures 
(humification); otherwise, the reserve or predominance of C 
in AFs is restricted. In this regard, [17] the use of legumes 
alters the content of total organic C, since it promotes and 
accumulates AH in the soil surface. It is also argued that an 
appropriate humification process occurs when the CAH 
approaches the percentage of extractable COS in the 
substance; otherwise, a process of humification would be 
slow when the percent of CAF is close to the hundreds of C 
of the COS [26]. This explains [27] that the values of C in 
relation to the humic fraction are higher, more transformed, 
which allows validating the degree of humification of the 
MOS, for its characterization. 

4. Conclusions 

The Canavalia ensiformis as green manure / cover crop 
showed a positive effect on soil carbon stocks, a result that was 
higher when the legume was incorporated after the cut at 80 
days and when it was left standing for 120 days. 

It showed favorable conditions in the soil and improved with 
the use of Canavalia ensiformis as green manure / cover crop 
when the contribution of the carbon stock of the biomass in the 
soil Differentiated Fluvisol, promoted increases in carbon stocks 
to the soil, and improved the composition of the organic carbon 
present in humic substances. 
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