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SUMMARY

Background. Tropical legumes used as green manure require between 2.5 and 4.5 months of growth to be incorporated
into the soil, an increase in planting density and the use of weed biomass is expected to help reduce the time required
for the incorporation of legumes. Objective. To determine plant survival and dry matter production of five tropical
legumes produced in conjunction with local weeds, as a function of planting density and legume age, to identify the
most appropriate alternative to accelerate the incorporation of plant biomass in tropical regions. Methodology. The
legumes Canavalia ensiformis, Crotalaria juncea, Cajanus cajan, Sesbania sp. and Mucuna aterrima were established
in Veracruz, Mexico. Each species was established at five planting densities and biomass was collected at four ages,
30, 60, 90 and 120 days after sowing (DAS). Results. Plant height, leaf/stem ratio, percentage of broadleaf and
narrowleaf weeds, as well as dry matter produced by legumes, weeds, and the total of both, changed as a function of
plant age. Implications. To use green manures in a crop rotation system under rainfed conditions, it is necessary to
know the amount of biomass of local weeds and legumes produced over time. The results of the study will help to
define the most appropriate cutting age for each of the green manure species evaluated. Conclusion. It is concluded
that, independent of planting density, as the age of the legumes increases, plant survival and the leaf/stem ratio
decrease, but the amount of dry matter increases. C. cajan and C. juncea have a greater capacity to compete with local
weeds, which is attributed to the height they can reach in the first 30 DAS. Regardless of the species and planting
density, the maximum production of total dry matter per hectare is achieved between 30 and 60 DAS, when it is
recommended to incorporate the biomass to produce under rainfed conditions.

Key words: Cajanus cajan; Crotalaria juncea; C/N ratio; Nitrogen; Organic matter.

RESUMEN
Antecedentes. Las leguminosas tropicales utilizadas como abono verde requieren entre 2.5 y 4.5 meses de crecimiento
para incorporarlas al suelo, se espera que un aumento de la densidad de siembra y el uso de la biomasa de arvenses
ayuden a reducir el tiempo requerido para la incorporacién de las leguminosas. Objetivo. Determinar la supervivencia
de plantas y la produccién de materia seca de cinco leguminosas tropicales producidas en conjunto con arvenses
locales, en funcidn de la densidad de siembra y la edad de la leguminosa, para identificar la alternativa adecuada que
permita acelerar la incorporacion de la biomasa vegetal en regiones tropicales. Metodologia. Las leguminosas
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Canavalia ensiformis, Crotalaria juncea, Cajanus cajan, Sesbania sp. y Mucuna aterrima se establecieron en
Veracruz, México. Cada especie se establecié a cinco densidades de siembra y se colectd la biomasa en cuatro edades,
30, 60, 90 y 120 dias después de la siembra (DDS). Resultados. La altura de la planta, la relacion hoja/tallo, el
porcentaje de arvenses de hoja ancha y de hoja angosta, asi como la materia seca producida por las leguminosas, las
arvenses y el total de ambas, cambiaron en funcion de la edad de la planta. Implicaciones. Para utilizar abonos verdes
en un sistema de rotacion de cultivos, en condiciones de temporal, es necesario conocer la cantidad de biomasa de
arvenses y leguminosas producidas a través del tiempo. Los resultados del estudio ayudaran a definir la edad de corte
méas adecuada para cada una de las especies de abonos verdes evaluadas. Conclusiones. Se concluye que,
independientemente de la densidad de plantacion, a medida que aumenta la edad de las leguminosas, disminuye la
supervivencia de las plantas y la relacion hoja/tallo, pero aumenta la cantidad de materia seca. C. cajan y C. juncea
tienen una mayor capacidad para competir con las arvenses locales, lo que se atribuye a la altura que pueden alcanzar
en los primeros 30 DDS. Independientemente de la especie y de la densidad de plantacion, la maxima produccion de
materia seca total por hectarea se alcanza entre los 30 y 60 DDS, momento en que se recomienda incorporar la biomasa

vegetal para producir en condiciones de temporal.

Palabras clave: Cajanus cajan; Crotalaria juncea; relacion C/N; Nitrégeno; Materia organica.

INTRODUCTION

Different plant species of the Fabacea family, also
known as legumes, can be used for weeding control or
as a source of nitrogen (N) for agricultural crops.
Legumes form symbioses with atmospheric nitrogen-
fixing bacteria, this symbiosis allows the use of
atmospheric N in the agriculture (Stein et al., 2023).
When legumes are used with the objective of
protecting the soil they are called "cover crops" and
when the objective is to supply N they are called "green
manures" (Matias-Ramos et al., 2023). In Mexico, the
green manure technology is little used, however, this
situation is expected to change in the short term. This
change is attributed to the fact that the Government of
Mexico since 2019 has implemented different
strategies at the national level to change to an
agroecological production system. Among these
strategies are the "Produccidon para el bienestar" and
"Sembrando vida" programs. Another factor that
favors the use of legumes in Mexico are two decrees,
issued in 2020 and 2023 (DOF31/12/2020 and
DOF13/02/2023), that establish the gradual
substitution of the use of the herbicide Glyphosate
(Escalona Aguilar et al., 2021; Bartra, 2022;
CONAHCYT, 2023). To achieve the substitution of
this herbicide, different research has been developed
that includes the use of legumes for weed control
(CONAHCYT, 2021). In addition to the agricultural
use of legumes, they have medicinal uses and serve as
human and animal food (Vasconcelos et al., 2020),
which increases their benefits to society.

According to Matias-Ramos et al. (2023), worldwide,
of the research focused on the use of tropical legumes
in agriculture, most have focused on 14 species; they
also indicate that there are 24 other promising species
that can improve the physical, chemical, and biological
properties of the soil. The same authors mention that
further research is needed to generate new knowledge
to take advantage of the multiple benefits of tropical
legumes. A study conducted in the central region of

Veracruz, Mexico, where 10 species of tropical
legumes were evaluated in monoculture, with weed,
pest, and disease control, revealed that, in a period of
75 to 132 days after sowing (DAS) of legumes,
between 4 and 16 t ha of dry matter (DM) can be
obtained. It also revealed that, with that amount of DM
the N that can be supplied to the soil fluctuates between
73 and 435 kg ha! (Avila-Escobedo et al., 2022).

It has been reported that the maximum N concentration
in legume biomass occurs before the plants reach the
full flowering stage (Kaneko et al., 2023). Considering
the above, if the objective is to use tropical legumes as
a nitrogen source, it is necessary to wait between 2.5
and 4.5 months to cut and incorporate aerial biomass.
This time can be inconvenient if it is desired to produce
under rainfed conditions, since 70% of Mexico's
agricultural area is produced in this modality (SIAP,
2023) and, in tropical areas the rainy period lasts
around four to eight months (Delgado-Carranza et al.,
2017; Murray-Tortarolo, 2021; Takano-Rojas et al.,
2023). This situation restricts the use of legumes only
for agricultural crops that have a production cycle
between three and five months. In addition to the time
required for the incorporation of aerial biomass, other
criteria should be considered to select the most suitable
legume species. Among these criteria are their ability
to compete with local weeds and their susceptibility to
attack by pests and diseases (Chapagain et al., 2020;
Das et al., 2020). Considering the above, it is necessary
to look for strategies to increase the production of plant
biomass in the shortest possible time, to expand its use
in a greater number of agricultural crops. One strategy
that can be employed is to increase planting density
(Baath et al., 2023) or to take advantage of the biomass
produced by local weeds. Based on the above, the
objective was to determine plant survival and DM
production of five tropical legumes produced in
conjunction with local weeds, as a function of planting
density and age of the legumes, to identify the most
appropriate alternative to accelerate the incorporation
of plant biomass in tropical regions. The hypothesis of
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the study is that DM production will increase as
planting density increases, which will reduce the time
required for the incorporation of plant biomass.

MATERIALS AND METHODS

The experiment was carried out in the “Campo
Experimental Cotaxtla” of the “Instituto Nacional de
Investigaciones Forestales, Agricolas y Pecuarias” in
Veracruz, Mexico (18° 56’ 13" N 96° 11’ 38" W).
Precipitation and temperature were recorded during the
development of the research (Figure 1). Before
planting legumes, the soil had the following
characteristics: pH of 5.62; organic matter of 2.88%;
loam texture, with 11, 41 and 48% of clay, sand, and
silt, respectively. The levels of nitric nitrogen
(Brusina), P-PO4 (Bray) and S-SO4 (Turbidimetric),
K* (Ac.NH, pH 7.0), Ca*? (Ac.NH,4 pH 7.0) and Mg*?
(Ac.NH4 pH 7.0) were 106, 60, 20, 680, 1,990 and 510
mg kg, respectively (Peralta Antonio et al., 2023).
The soil was not cultivated in the previous two years,
it was maintained with local weeds.

Four erect legume species (Canavalia ensiformis (L.)
DC., Crotalaria juncea L., Cajanus cajan (L.) Huth
and Sesbania sp.) and one creeping species (Mucuna
aterrima (Piper and Tracy) Holland) were used. The
green manures used were collected since 2019, from
seed stores, collections in the central coastal region of
Veracruz and from other experimental centers of
INIFAP. The species were used in previous
experiments. Seeds are refreshed every year. Seeds
harvested in autumn - winter 2021 were used for this
research. Prior to sowing the legumes, two passes of
harrowing were carried out. The distance between
furrows was 0.8 m, resulting in a total of 125 furrows
per hectare. The legume seeds used in the experiment
were obtained from a harvest of the previous cycle,
harvested during the first semester of 2022. Prior to
sowing, the germination percentage of each legume
was determined. All legumes were sown on the same
date, July 14, 2022.

The treatments consisted of the interaction of three
study factors: legume species (five species), planting
density (five densities) and legume cutting age (four
cutting ages, carried out at 30, 60, 90 and 120 days
after sowing). A randomized block design was used.
The treatments were arranged in subdivided plots. The
large, medium, and small plots corresponded to
species, density, and plant age, respectively. Each
treatment had three replicates. The experimental unit
consisted of four furrows of 1 linear meter, which
corresponds to an area of 3.2 m2. The number of seeds
deposited per experimental unit varied according to the
legume species, fluctuating between 4 and 1248 seeds.
For the measurement of variables, the plants present in
the two central furrows, which had complete
competition, were used.
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Seed size was the parameter considered to define the
planting density for each species, the individual seed
weights for C. ensiformis, M. aterrima, C. cajan, C.
juncea, and Sesbania sp. were 1.57, 1.07, 0.10, 0.03
and 0.008 g, respectively. For large-seeded species (C.
ensiformis and M. aterrima), density consisted of the
number of seeds per linear meter. For small-seeded
species, density consisted of seed grams per linear
meter (Table 1). With the germination percentage data,
for each species, the amount of seed was adjusted to
obtain 100% germination at the time of sowing. Post-
sowing, the water supply depended exclusively on the
presence of rainfall, during the experiment a total of
784 mm (122, 465, 84 and 113 mm were precipitated
during the first, second, third and fourth month after
sowing the legumes). No weed, pest or disease control
was performed.

The variables of responses were the number of plants
per linear meter, plant height, the presence of local
weeds, legume leaf/stem ratio, legume dry matter,
local weeds dry matter, and total dry matter. For the
recording of the variables, destructive sampling was
carried out at four cutting ages, which corresponded to
30, 60, 90, and 120 days after sowing (DAS). In the
case of Sesbania sp., only the first three samples were
taken, since it completed its productive cycle during
that time. To estimate vegetal biomass production, for
each sampling date, in each experimental unit, the total
number of plants and the fresh weight of the biomass
of the legumes in two furrows that had complete
competition were quantified. The number of legume
plants per linear meter changed as a function of
planting density and plant age, from 1 to 200 plants. In
the specific case of weeds, the fresh weight of the
biomass present in 2 m? was recorded. For each
sampling date, for leguminous plants and weeds, only
living plant tissue that presented a green color or
beginning the senescence process (green-yellow color)
was considered. To determine the plant height of erect
legume species, the height of five representative plants
was recorded in each experimental unit. In the case of
the creeping species, the height was recorded in five
points of the experimental area. Plant height was
recorded considering the distance between the soil
surface and the highest part of the plant. In each
experimental unit, legumes were collected first. Once
the legumes were removed, the local weeds were
visually classified into broad-leaved and narrow-
leaved plants. This classification was carried out in
each m?, taking as a reference the proportion of the soil
occupied by broad-leaved or narrow-leaved weeds.

For each sampling date and in each experimental unit,
representative samples of legumes and weeds were
taken to determine the DM. In the case of erect legume
species, the same plants used to measure height, their
leaves and stems were separated. In the case of the
creeping species, a representative sample of 1 kg was
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taken, and the leaves and stems were separated. As for RESULTS

weeds, a representative sample of 1 kg was taken. All

plant samples were dried in a forced air oven at 70 °C, During the experimental period, the average initial

until reaching constant weight. With the DM of each temperature was 28°C, during July, at the end of the

organ the leaf/stem ratio of the legume was experiment it decreased to 23°C, in November (Figure

determined, in addition, the legumes DM, local weeds 1). Total precipitation during the experiment was

DM and total DM produced per hectare was estimated. around 760 mm. The amount of rainfall during 30, 60,
90 and 120 DAP were 432, 219, 66 and 42 mm,

To know the behavior of the different legumes over respectively (Figure 1).

time a regression analysis (p < 0.05) was performed for

each legume species. In all cases, the models with the Number of plants per linear meter

highest coefficient of determination (R?) were

selected. Regression analysis was performed with In the case of C. cajan, C. ensiformis and M. aterrima,

Excel and graphs with GraphPad Prism 8. independent of sampling date, the number of plants

increased as planting density increased (Figure 2 a, b,
d). In all three cases, linear models explained the
behavior of the number of plants per linear meter, with
the R? between 0.79 and 0.98.

Table 1. Number or weight of seeds of five tropical legume species deposited per linear meter at the time of
sowing, in Veracruz, Mexico.

Especie Density 1 Density 2 Density 3 Density 4 Density 5
Number of seeds per linear meter
C. ensiformis 2.0 4.0 5.0 8.0 10.0
M. aterrima 1.0 3.0 5.0 7.0 10.0
Grams of seeds per linear meter
C. juncea 1.0 2.0 3.0 4.0 5.0
C. cajan 2.0 4.0 6.0 8.0 10.0
Sesbhania sp. 0.5 1.0 15 2.0 2.5
Equivalent to number of seeds per linear meter
C. juncea 33 66 99 132 166
C. cajan 20 40 60 80 100
Sesbania sp. 63 126 190 252 312
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Figure 1. Behavior of average temperature and accumulated precipitation in Medellin, Veracruz, Mexico between
June and December 2022.
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For C. juncea and Sesbania sp. only in the first
sampling, no greater number of plants per m? was
obtained with the highest planting density (Figure 2 c,
e). A third-degree polynomial model was the main
explanation for the behavior of the number of plants
per linear meter for these two species. The R? remained
between 0.88 and 0.97.

30DAS y = 15.106x - 12.394 R* = 0.9079
B0DAS y = 13.567x - 7.8 R* = 0.9047
90DAS y=11.2x - 5.8 R*=0.9435
120DAS y = 13.933x - 13.6 R* = 0.8994
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Regardless of the species and planting density, the
highest number of plants per m? was detected in the
first sampling carried out, that is, at 30 DAS (Figure 2
a, b,cde).

30DAS y = 1.9833x - 1.05 R* = 0.9978

B0DAS y = 1.2889x + 0.0889 R* = 0.9207

90DAS y = 0.7333x + 0.6 R? = 0.9098
120DAS y = 0.5333x + 0.9333 R*=0.7711
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g @

Plants per meter
[o)]
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o
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90DAS vy =13.5x + 27.1 R*=0.969
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90DAS y = 1.9583x% - 15.03x2 + 35.012x - 18.933 R2 = 0.9524

120DAS y = 1.6667x° - 11.5x% + 23.333x - 5.4 R? = 0.9536
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Figure 2. Number of plants per m? of five tropical legume species, planted at different planting densities and sampled

at different days after sowing (DAS).
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Plant hight

In all legume species, plant height depended mainly on
age, in all cases, the lowest height was detected at 30
DAS while the greatest height was reached after 60
DAS. C. cajan and C. juncea were the species that
achieved the greatest plant height, while the lowest

30DAS y = 4.64x + 53.4 R =0.9096
G0DAS y = 4.8016x% + 33.105x + 88.267 R2= 0.6174
90DAS y = -10.457%% + 67.276x + 80.24 R* = 0.18834

120DAS y = -6.6905x% + 38.976x + 190.87 R* = 0.8714
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plant height was detected in M. aterrima. For most of
the legume species, the behavior of plant height was
mainly fitted to a third-degree polynomial model. Most
models presented R? between 0.58 and 0.99, however,
in the case of C. cajan and M. aterrima, for sampling
at 90 and 120 DAS the R? was lower than 0.50 (Figure
3a,b,cde).

30DAS y = -2.5222%% + 21.962%% - 51.316x + 73.667 R? = 0.847
60DAS y = 1.8278x" - 16.46x%° + 49.646x + 28.88 R? = 0.9175
90DAS v = -0.8333x> + 5.5437x° - 9.4008x + 79.967 R? = 0.4973
120DAS y = -1.7731x% + 16.333x2 - 44 727x + 104.77 R? = 0.354
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Mucuna aterrima
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Figure 3. Plant height of five tropical legume species planted at different planting densities and sampled at different

days after sowing (DAS).
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Local weeds

Regarding local weeds, in all areas where legumes
were established, independent of the species, the
lowest proportion of broadleaf weeds was present at 30
DAS, while the highest proportion was present at 120
DAS (Figure 4 a, b, c, €). As for narrowleaf weeds, in
the areas where C. cajan, C. ensiformis, C. juncea, and
Sesbhania sp. were established, the highest proportion
was detected at 30 DAS, mainly at the lowest planting
density (Figure 5 a, b, ¢, e). The only exception was M.

30DAS y = 14.967x - 3.8333 R2=0.9178

BODAS y = -3.1944x3 + 32.798x% - 94.008x + 138.67 R? = 0.9203

90DAS y = 1.8056x7 - 9.7024x% + 6.8254x + 79.667 R? = 0.7472

120DAS y = 1.25x% - 13.631%° + 46.786x + 49.333 R2 = 0.9436
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aterrima, specifically in the sampling conducted at 90
DAS, where the percentage of weeds showed little
variation among the different planting densities
(Figure 5 d). For most of the legume species, the
behavior of the presence of broadleaf and narrowleaf
weeds over time was mainly adjusted to a third-degree
polynomial model. The exception was Seshania sp.
which fitted a linear model. Most of the models the R?
remained between 0.60 and 0.99 (Figure 4 and 5 a, b,
c, d,e).

30DAS y = 2.0278x% - 10.131x% + 18.175x + 3.2 R? = 0.9623
BODAS y = -7.2222° + 68.214x - 179.56x + 176.33 R2 = 0.9583
90DAS y = -4.3056x> + 42.44x° - 128.26x + 153.67 R = 0.9952

120DAS y = 4.3333x + 77.667 R* = 0.8989
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Figure 4. Proportion of broadleaf weeds present at the time of cutting of aerial biomass of five tropical legume species,
sown at different planting densities and sampled at different days after sowing (DAS).
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Legume leaf/stem ratio

A greater variation in leaf/stem ratio values was
detected with C. cajan, C. ensiformis, C. juncea and
Sesbania sp. In the first three species, the highest
values were detected at 30 DAS, while the lowest
leaf/stem ratio occurred at 120 DAS (Figure 6 a, b, c).
In the case of Sesbania sp. there was little variation in
the values detected at 30 and 60 DAS, however, both
were higher than the values detected at 90 DAS (Figure
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6 €). The least variation in leaf/stem ratio was observed
with M. aterrima, only a small variation was detected
at the second planting density, where the highest
values were detected at 30 and 60 DAS (Figure 6 d).
For most legume species, the behavior of the plant
leaf/stem ratio over time was mainly fitted to a third-
degree polynomial model. Most models the R? ranging
from 0.60 to 0.99. The only exception was M.
aterrima, sampled at 30 and 60 DAS, where the R?
were 0.25 and 0.27, respectively (Figure 6 a, b, ¢, d, ).

30DAS y = -2.0278x° + 10.131x2 - 18.175x + 96.8 R? = 0.9623
BODAS y = 7.2222x% - 68.214x% + 179.56x - 76.333 R® = 0.9583
GODAS v = 4.3056x° - 42.44x% + 128.25x - 53.667 R* = 0.9952
120DAS y = -4.3333x + 22.333 R* = 0.8989
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Figure 5. Proportion of narrowleaf weeds present at the time of cutting of aerial biomass of five tropical legume
species, sown at different planting densities and sampled at different days after sowing (DAS).
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Legume dry matter

Regardless of the legume species, the amount of DM
increased with increasing plant age. In the case of C.
cajan, C. ensiformis, and C. juncea, the highest amount
of DM was detected at 90 or 120 DAS (Figure 7 a, b,
c). For M. aterrima, the highest DM values were
obtained at 120 DAS, although high values were also
obtained at 60 and 90 DAS with the highest planting
densities (Figure 7 d). For Sesbania sp. the highest DM
amount was detected at 60 DAS (Figure 7 e). Of the
five legume species, the highest DM amount was
obtained with C. cajan and C. juncea (Figure 7 a, c).
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Little effect of planting density on legume biomass
production was detected. With C. cajan and C. juncea,
the effect was only observed at 30 DAS, with M.
aterrima the effect was only detected at 60 and 90 DAS
(Figure 7 a, c, d); in all the cases mentioned above,
biomass increased as planting density increased. With
Sesbania sp. no effect of planting density on biomass
production was detected (Figure 7 €). For most legume
species, the behavior of DM production over time was
mainly fitted to a third-degree polynomial model. For
most models, the R? ranged between 0.65 and 0.99
(Figure 7 a, b, c, d, e).
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Figure 6. Leaf/stem ratio of five tropical legume species, planted at different planting densities and sampled at

different days after sowing (DAS).
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Figure 7. Dry matter of five tropical legume species, sown at different planting densities and cut at different days

after sowing (DAS).
Local weeds dry matter

Regardless of the legume species and planting density,
the highest amount of DM of weeds was obtained in
the first 60 DAS, after this date the values decreased
(Figure 8 a, b, ¢, d, e).

The effect of planting density on weed biomass
production was not consistent, it varied according to
the species and sampling date. The only ones that
showed similar trends were C. cajan and M. aterrima,
in three of the four samplings conducted, higher weed
biomass was detected at the lowest planting density

10

(Figure 8 a, d). In the case of C. ensiformis, C. juncea,
and Sesbania sp. for the different sampling dates, there
was little variation in the amount of weed biomass with
the highest and lowest legume planting density (Figure
8 b, ¢, e). For most legume species, the behavior of
weed DM production over time was mainly fitted to a
third-degree polynomial model. For most models, the
R? ranged between 0.63 and 0.98, although, the
exceptions were C. ensiformis sampled at 90 DAS and
C. juncea sampled at 60 and 90 DAS, where the R?
were 0.23, 0.47 and 0.44, respectively (Figure 8 a, b, c,
d, e).
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Figure 8. Dry matter of local weed presents in the same site where five tropical legume species were grown, sown at
different planting densities, and cut at different days after sowing (DAS).

Total dry matter

Considering together the DM of legumes and local
weeds, the effect of planting density of legumes was
minimal. Only with C. juncea, at 60 DAS, an increase
in biomass production was detected with increasing
plant density. Differences in DM production was
detected mainly by the effect of plant age. With C.
ensiformis, C. juncea, M. aterrima and Sesbania sp.
the highest amounts were obtained in the first 60 DAS
(Figure 9 b, c, d, e).

11

A slight difference was observed with C. cajan, as high
DM values were also obtained at 120 DAS,
specifically with the highest planting density (Figure 9
a). For most legume species, the behavior of total plant
dry matter production over time was mainly fitted to a
third-degree polynomial model. For most models, the
R2 ranged between 0.65 and 0.98. The exceptions were
C. juncea and M. aterrima in the sampling conducted
at 120 DAS, where the R? were 0.44 and 0.40,
respectively (Figure 9 a, b, c, d, e).
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Figure 9. Total dry matter, which includes the dry matter of local weeds and different tropical legumes, sown at
different planting densities and cut at different days after sowing (DAS).

DISCUSSION

Edaphoclimatic conditions have different effects on
plant development; therefore, plant species established
in environments different from their own can be
benefited or affected depending on the biotic or abiotic
factors presented during their development (de Melo et
al., 2023). For this study, the number of plants present
on each sampling date allows us to understand the
response of legumes as they interact with the different
biotic and abiotic factors presented in the study region.
With the initial amount of seeds deposited at the time
of sowing and the number of plants at the time of

12

sampling, the percentage of plant survival can be
estimated. In general, the highest survival was
achieved with large-seeded species (C. ensiformis and
M. aterrima) compared to small-seeded species, since
the number of plants of C. juncea, C. cajan, Seshania
sp., C. ensiformis and M. aterrima was equivalent to
29, 66, 83, 92 and 97% of the initial number,
respectively. According to the results, planting density
and plant age influenced their survival. In the case of
C. ensiformis, C. juncea, M. aterrima and Sesbania sp.
the highest survival was observed with the lowest
planting density, which on average represented 92, 29,
97 and 83% of the initial number of plants,
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respectively. The only exception to this behavior was
C. ensiformis, since its highest and lowest survival was
with the fourth and first planting density, representing
66 and 30% of the initial number of plants,
respectively. On the other hand, independently of the
legume species, a higher plant survival was detected in
the first 60 DAS, since the plants of C. juncea, C.
cajan, Sesbania sp., C. ensiformis and M. aterrima
present at the time of sampling were equivalent to 27,
50, 69, 91 and 96% of the initial plants, respectively.
Legume survival can be attributed to different factors,
e.g., stress due to excess or deficit water, temperature
stress, interplant competition, and susceptibility to
pests and diseases (Chapagain et al., 2020; Das et al.,
2020). For this study, the main abiotic factor was
excess moisture. The slope of the land used is less than
1%, and during the first 60 DAS a total of 588 mm of
rainfall occurred, equivalent to 75% of the total water
precipitation in the whole experiment, which caused
the death of plants by anoxia, mainly in small-seeded
legumes (C. cajan, C. juncea, and Sesbania sp.). The
biotic factors that influenced plant development were
the presence of herbivores and weeds. In the case of C.
cajan, in the germination stage it was attacked by
rabbits and although the plants did not die, their
development was delayed. As for Sesbania sp. and M.
aterrima, at different stages of the experiment they
were attacked by different herbivorous insects
belonging to the order Coleoptera.

All legumes competed with local weeds during the
experiment and the competition capacity changed
depending on the species, planting density and plant
age, which was reflected in DM production.
Considering the total DM produced per hectare, in all
legume species, the maximum amount of DM was
reached in the first 60 DAS, however, no trend in the
effect of planting densities was detected. C. cajan and
M. aterrima reached maximum DM production at the
lowest planting density (32 and 28 t ha™?, respectively),
for C. juncea it was detected at the highest planting
density (34 t ha't), while for C. ensiformis and Sesbania
sp. the maximum DM production (30 and 33 t ha™,
respectively) was detected at intermediate planting
densities. Considering all species and planting
densities, although the maximum amounts of DM were
obtained in the first 60 DAS, the greatest proportion of
DM corresponded to local weeds. At this time,
legumes contributed the smallest proportion, the
amounts of C. cajan, C. ensiformis, C. juncea, M.
aterrima and Sesbania sp. correspondedto 1-9,2 -9,
1-4,2-4and 1 - 7% of the total amount produced,
respectively. To achieve the maximum contribution of
DM through the legumes, it had to elapse between 90
and 120 DAS, reaching values of 16 - 25,5 - 11, 5 -
18,6 -8, and 3 - 5t ha* with C. cajan, C. ensiformis,
C. juncea, M. aterrima and Sesbania sp. that
corresponded to 46 - 76, 32 - 48, 33 - 72, 38 - 66 and
19 - 24% of the total DM produced, respectively. This
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information is important for decision making,
especially if the intention is to produce under rainfed
conditions. It should be considered that the rainy
season in tropical regions of Mexico lasts between four
and eight months (Delgado-Carranza et al., 2017;
Murray-Tortarolo, 2021; Takano-Rojas et al., 2023).
Therefore, if the intention is to use legumes as a source
of N, it is necessary to wait at least 90 DAS to ensure
a greater production of DM and thus achieve a greater
supply of this nutrient (Avila-Escobedo et al., 2022).
According to the results, C. ensiformis (placing 5 seeds
per linear meter), C. juncea (placing 2 to 5 g of seed
per linear meter) or C. cajan (placing 2 to 10 g of seed
per linear meter) can be used so that the DM obtained
fluctuates between 11 and 25 t ha', which corresponds
to between 43 and 76% of the total DM produced per
hectare. With these amounts of DM, for these same
species, in the same region, and using a slightly lower
fertility soil (52, 30, and 18% sand, clay, and silt,
respectively; pH of 5.46; organic matter of 3.69%;
16.8,12. 0, 1956, and 413 mg kg™ of P, K, Ca, and Mg
respectively) compared to that of this research (41, 11,
and 48% sand, clay, and silt, respectively; pH of 5.62;
organic matter of 2.88%; 60, 680, 1990, and 510 mg
kgt of P, K, Ca, and Mg respectively), Avila-Escobedo
etal. (2022) report an N supply that fluctuates between
217 and 308 kg ha'. On the other hand, if the intention
is to produce agricultural crops with a phenological
cycle longer than three months, the biomass of the
legume will have to be cut at 60 DAS. The most
suitable species are M. aterrima (placing 7 to 10 seeds
per linear meter), C. cajan (placing 6 seeds per linear
meter) and C. juncea (placing between 4 and 5 g of
seed per linear meter), so that the DM obtained
fluctuates between 6 and 8 t ha%, which corresponds to
between 21 and 45% of the total DM produced per
hectare. With these amounts of DM, for these same
species, in the same region, Avila-Escobedo et al.
(2022) report an N supply that fluctuates between 72
and 187 kg ha'™.

The results of this study demonstrate the importance of
local weeds from a nutritional point of view since they
can be an alternative to improve the level of soil
organic matter. In 1 hectare of land, at a depth of 30
cm and a bulk density of 1 g cm3, there are 3000 t of
soil, therefore, if the aim is to increase the
concentration of organic matter by 1%, 30 t of organic
matter should be applied. In this study, independent of
the legume species and planting density used, between
the first 30 and 60 DAS the amount of DM supplied to
the soil fluctuated between 16 and 34 t ha* and of this
amount, between 55 and 99% corresponded to local
weeds. This suggests that the interaction of tropical
legumes and local weeds is a viable alternative from
the economic and operational point of view to increase
the level of organic matter in the soil, since the
investment would consist of acquiring seeds, soil
preparation, sowing, and incorporation of legumes.
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Considering the DM produced by legumes, C. cajan
and C. juncea were the species with the greatest
capacity to compete with local weeds, which can be
attributed to the height that these species reach. At 60
DAS, C. cajan and C. juncea plants had already
reached a height of 1.1 - 1.4 and 1.8 - 2.2 m, values that
increased to 2.2 - 2.5 and 2.2 - 2.7 m at 120 DAS,
respectively. In the first 30 DAS, independent of the
legume species, of the weeds present, the highest
proportion were grasses, mainly Sorghum halepense
and Cyperus sp. species, which are characterized by
their highly competitive ability (Shi et al., 2021;
Yazlik and UremiS, 2022). As time elapsed, the
proportion of grasses decreased, and the proportion of
broadleaf weeds increased. In this study, at 60 DAS, S.
halepense reached a height of between 2.3 and 2.8 m,
causing competition for light with legumes. The
species most affected by this light competition were C.
ensiformis and M. aterrima, since the maximum height
reached during the entire experiment fluctuated
between 0.4 and 1.4 m. In the case of Sesbania sp. the
maximum height reached fluctuated between 0.8 and
1.8 m, however, its phenological cycle was short (less
than 4 months), therefore, it did not continue to
compete with the weeds. If the objective is to control
weeds, the above information suggests using C. cajan
and C. juncea in areas where weeds that reach heights
greater than 2 m predominate, while C. ensiformis and
M. aterrima are recommended for areas where weeds
that do not exceed 1.4 m in height predominate.

The plant leaf/stem ratio indicates the units of leaf DM
produced for each unit of stem DM produced. The
leaf/stem ratio is negatively correlated with the C/N
ratio of legume biomass; as the leaf/stem ratio
increases, the C/N ratio decreases (Avila-Escobedo et
al., 2022). This characteristic is important from a
nutritional point of view, since C/N ratio is negatively
correlated with N mineralization (Watthier et al.,
2022); N mineralization decreases as the C/N ratio of
plant biomass increases. Considering that the highest
leaf/stem ratio occurs at 30 DAS and decreases through
time, it is speculated that, a lower proportion of N will
be released to the soil as legume age increases, mainly
for C. cajan, C. ensiformis and C. juncea. This
information is useful to be able to take advantage of
the N supplied through legumes, since there must be
synchronized between N release and the crop
requirement (Watthier et al., 2023). For example, if the
crop of interest is corn, to obtain the highest forage and
grain yield, fertilization should be concluded no later
than 70 DAS (Aragdo et al., 2022), therefore, better
synchronization is expected when legume biomass is
cut in the first 30 DAS. The situation is different with
perennial or semi-perennial crops. For example, if the
crop of interest is pineapple, in Mexico it is
recommended to conclude fertilization before the
flowering stage, between 7 and 14 months after
planting (Rebolledo-Martinez et al., 2023). In this
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case, better synchrony is expected when biomass is cut
at 120 DAS.

CONCLUSION

According to the results, it is concluded that,
independent of planting density, as the age of the
legumes increases, plant survival and the leaf/stem
ratio decrease, but the amount of dry matter increases.
Cajanus cajan and Crotalaria juncea have a greater
capacity to compete with local weeds, which is
attributed to the height they can reach in the first 30
days after planting. Regardless of the legume species
and planting density, when taking advantage of local
weeds, the maximum production of total dry matter per
hectare is achieved between 30 and 60 days after
planting, at which time it is recommended to
incorporate the aerial biomass to produce under rainfed
conditions.
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