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Abstract

Introduction— Allelopathic properties of cane
straw are reported, however, information on the
effect on some weed species is incomplete.

Objective— To evaluate the allelopathic effect
of sugarcane straw (Saccharum spp. Hybrid) on
germination and initial growth of weed (Achy-
ranthes aspera var. Indica L.) under controlled
conditions.

Methodology— An experiment was carried out
using a completely randomized design with six
treatments, including a control and five ratios
of straw, 25%, 50%, 75%, 100%, 125%, with four
repetitions. The doses used corresponded to the
proportion of dry straw biomass/m2 in a cane field.
Weed seeds were placed at a depth of 1.0 cm, and
germination, dry mass, stem length and radicle
length were evaluated.

Results— It was evidenced that germination was
influenced at 10 days by the different treatments,
as well as the dry mass, the length of the stem
and the length of the radicle at 7 and 10 days after
starting the experiment.

Conclusions— The results of the study indi-
cate that the sugarcane straw exerts a negative
allelopathic effect on the germination and initial
growth of Achyranthes aspera, being the 75% dose
the one with the best results.

Keywords— Weed control; germination; dry
mass

Resumen

Introduccion— Se han reportado propiedades ale-
lopaticas de la paja de cana, sin embargo, la infor-
macion sobre el efecto sobre algunas especies de male-
zas es incompleta.

Objetivo— Evaluar el efecto alelopatico de la paja
de cana de azucar (Saccharum spp. Hibrido) sobre
la germinacién y el crecimiento inicial de la maleza
(Achyranthes aspera var. Indica L.) bajo condiciones
controladas.

Metodologia— Se realiz6 un experimento utilizando
un diseno completamente aleatorizado con seis trata-
mientos, incluyendo un control y cinco proporciones de
paja, 25%, 50%, 75%, 100%, 125%, con cuatro repeticio-
nes. Las dosis utilizadas correspondian a la proporcion
de biomasa de paja seca/m?2 en un canaveral. Las semi-
llas de malas hierbas se colocaron a una profundidad
de 1.0 cm, y se evalud la germinacion, la masa seca, la
longitud del tallo y la longitud de la radicula.

Resultados— Se evidencié que la germinacién fue
influenciada a los 10 dias por los diferentes tratamien-
tos, asi como la masa seca, la longitud del tallo y la
longitud de la radicula a los 7 y 10 dias de iniciado el
experimento.

Conclusiones— Los resultados del estudio indican
que la paja de cana ejerce un efecto alelopatico nega-
tivo sobre la germinacion y crecimiento inicial de Achy-
ranthes aspera, siendo la dosis del 75% la que mejores
resultados obtuvo.

Palabras clave— Control de malezas; germinacion;
masa seca
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ALLELOPATHIC EFFECT OF SUGAR CANE STRAW (SACCHARUM SPP. HYBRID) ON THE ARVENSIS ACHYRANTHES ASPERA, VAR. INDICA L., UNDER CONTROLLED CONDITIONS

I. INTRODUCTION

Today, agriculture faces immense challenges, given the need to increase food production and
the growing concern about environmental problems and climate change. Satisficing future
demand for food will depend first and foremost on continued growth in crop yields and caring
of the environment [1].

Allelopathy i1s a plant interference mechanism, mediated by the addition of phytotoxins
to the environment. Different chemical compounds with allelopathic potential are present in
numerous plant species distributed in different tissues. Under suitable conditions, they can be
released, generally in the rhizosphere, in sufficient quantities to affect neighboring plants [2].

One way to use allelopathy in agriculture is through the use of natural products such as
bioherbicides. This approach to weed management is safe for the environment compared to
synthetic herbicide [3]. Some plants release allelopathic compounds that, although they have
practically no effect on the plant species that live with them in their communities of origin,
are highly efficient inhibiting the plant species in the invaded communities [4].

Weeds interfere with the development of the crop through competition and allelopathy, which
reduces the vigor of plants, yields or productive capacity of the crop; in effect, the availability
of water, nutrients, light and CO? is reduced, as well as essential elements for the development
of plants [5]. In addition, many serve as a host for other pests or as a source of inoculum for
pathogens [6].

An alternative method in weed control is the application of allelochemical compounds before
or together with synthetic herbicides to increase the effect of the two products and therefore
reduce the amounts of synthetic herbicide application [7].

Sugarcane is a plant characterized by being very efficient in the photosynthetic process,
and by having a high capacity to produce large amounts of biomass. The agricultural residues
that it generates can be used for animal feed, recycle nutrients and in the form of organic mat-
ter within the agroecosystem, as a vegetal cover of the soil to maintain humidity and prevent
erosion [8].

The extracted straw remains on the ground in the form of a protective covering that per-
forms an important function of conserving humidity, prevents erosion and contributes to the
fight against weeds. Only for this concept, reductions in herbicide consumption of 35% and up
to 50% are reported [9], which 1s important to use all possible alternatives in the integrated
management of weeds in the crop [10]. Furthermore, in studies carried out on straw in Cuban
sugarcane varieties, phenols and tannins with potential allelopathic effect against weeds have
been identified [11].

Plants have their own defense mechanisms, and allelochemicals can be natural herbicides
(in fact, they are). However, allelopathy includes numerous complex processes, where different
chemicals influence allelopathic effects. Furthermore, both crops and wild plants show these
effects; cultivated plants are more interesting since they can be used in the future as material
for the production of natural herbicides [12].

Achyranthes aspera L. (Amaranthaceae) is a plant known in Cuba with the common name
of prickly cat tail (rabo de gato espinosa). It can measure up to a meter in height, with little
branched, hairy, quadrangular stems. It has ovate leaves 4 cm - 20 cm long, opposite with
petioles up to 2.5 cm long, small and insignificant flowers, with fine terminal spikes up to 30
cm long [13].

A. aspera 1s common 1n the sugarcane fields of Cuba [14] and has been included by the
scientific community in the national list of invasive plant species in Cuba as results of the
project “Plantas invasoras presentes en la Republica de Cuba - estrategia para la prevencion
y manejo de especies con mayor nivel de agresividad” [15].

To date, there is no reference to studies that have been carried out on the allelopathic
effect of sugarcane straw on the weed A. aspera in order to make recommendations on the
use of this residue for the benefit of the management of this weed. Therefore, the present
work aimed to evaluate the allelopathic effect of sugarcane straw (Saccharum spp. Hybrid)
on the germination and initial growth of the weed Achyranthes aspera, var. Indica L., under
controlled conditions.

170



Terreno Matos & Castellano Gonzalez / INGE CUC, vol. 18, no. 2, pp. 169-176. July - December, 2022

II. METHODOLOGY

The research was carried out in the Plant Physiology laboratory of the Faculty of Agrarian Sci-
ences of the University of Cienfuegos in collaboration with the Central University of Las Villas
in the period from January to December 2017. It had the purpose of determining the effect of
six doses of sugarcane straw (Saccharum spp. hybrid) under controlled conditions on the ger-
mination and initial development of cattail weed (Achyranthes aspera var. Indica L.

A soil was used, according to the classification of Cuban soils, belongs to the grouping of
sialitic brown, brown genetic type (P), fluffy brown subtype, carbonate fluffy brown genus [16].

A completely randomized design was used with six treatments (0%, 25%, 50%, 75%, 100%,
125% of cane straw) and four repetitions, the in vitro experiment in containers with dimen-
sions mentioned above, in sterile soil to test the allelopathic influence of the residues on the
seed germination and de development of the A. aspera seedlings.

The experiment was carried out with equal conditions of light and humidity, in homogeneous
containers with an upper diameter of 8 cm, a lower diameter of 6 cm and a height of 10 cm with
a volume of 450 cm?3 of which 400 cm? were used by using soil as substrate. sterile. The soil was
sterilized at a temperature of 120°C and 1.5 atm of pressure for 30 minutes in a stainless-steel
autoclave brand LDZY-50KAS. then they were mixed to look for a homogeneous substrate. Soil
and plant weighing were carried out on an OHAUS mechanical scale with a precision of 0.1 g,
verified by the Territorial Office of Standardization of Cienfuegos.

For the selection of the doses, it was considered that the amount of straw in reed beds har-
vested without burning varies from 10 to 30 t ha! [17]. Therefore, straw productions of 15t ha!
were assumed, already corroborated by the authors in Cuba (11 t ha - 15t ha'), 100% of the
dose corresponded to the average dry biomass per m? at a depth of 0.20 m, which was consid-
ered equivalent to 7.5 g/kg of soil.

The treatments used were the following:

Control (0%).

Treatment at 25% (1.875 g/kg of soil).
Treatment at 50% (3.75 g/kg of soil).
Treatment at 75% (5.625 g/kg of soil).
Treatment at 100% (7.5 g/kg of soil).
Treatment at 125 % (9.375 g/kg of soil).

A S N

To evaluate the allelopathic effect of the straw residues, it was selected in the field, taken to
the laboratory and chopped to a size of up to five millimeters then it was manually applied to
the sterile soil used as substrate in the containers, incorporating it into a depth of 0 cm to 10 cm.

Subsequently, 20 seeds were placed in each one 1 cm deep. The germination percentage was
determined for a total of 120 seeds and they were incubated in a germination chamber at a
temperature of 30°C + 0.1°C for 16 hours of light and 25°C + 0.1°C for eight hours. Humidity
was maintained by applying distilled water 3 ml to 6 ml per day per container depending on
the water needs and maintaining the soil at 80% of the field capacity.

The germination count was carried out 5 and 10 days after sowing. After emergence, stem
and root lengths were measured with a ruler at 7 and 10 days, taking advantage of these
moments to calculate the percentage of DM.

To evaluate the amount of DM, at seven and ten days, 10 complete plants or at least those
with leaves and stems were taken, their organs were separated and weighed separately and the
weight was recorded (fresh weight of the sample), for which the organs were placed in a por-
celain capsule and placed in the stove at a temperature of 100 degrees for one hour to kill the
enzyme systems. After this time the stove was set to 70 degrees, for 72 hours until reaching a
constant weight. The samples were placed in a drying chamber until cool, they were weighed
and their value was recorded, and the percentage of dry mass was determined for each sample
as follows:

Percentage of dry mass = Dry weight of the sample x 100 / Fresh weight of the sample.
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The data obtained on germination percentage (transformed into 2 arc sin Vp) to achieve nor-
mality, dry mass, stem size and radicle were processed by analysis of variance. The means were
compared by the Tukey test (P < 0.05), using the statistical program SPSS for Window version
21 [26].

II1. REsuLTs AND DiscussioN

A. Effects of the different doses of sugarcane straw (Saccharum spp. Hybrid)
on the germination of Achyranthes aspera var. Indica.

The sugarcane plant residues at different proportions did not show influence on the germi-
nation of A. aspera at 5 days after sowing, however, at 10 days at the highest doses of 100 and
125% a negative allelopathic effect was evident, showing a delay in the germination percentage
with a significant difference in relation to the control (Table 1).

TABLE 1.
PERCENTAGE OF GERMINATION OF ACHYRANTHES ASPERA VAR. INDICA L. (PRICKLY CAT TAIL) AT 5 AND 10 DAYS.

Germination (%)
Treatments (% or normal doses and g/kg of soil

5 days 10 days
1. Control (0%) 8.75a 83.75¢
2. Treatment at 25% (1.875 g/kg of soil) 15.00a | 68.75¢b¢
3. Treatment at 50% (3.75 g/kg of soil) 7.50a 57.50bc
4. Treatment at 75% (5.625 g/kg of soil) 8.752 51.25abe
5. Treatment at 100% (7.5 g/kg of soil) 6.25a 45.00ab
6. Treatment at 125 % (9.375 g/kg of soil) 5.002 27.502
Typic Error of Experimental Error 0.22Ns 1 0.04™
Coefficient of variation (%) 3.3 8.3

a.b,cValues in columns with different superscripts differ for P < 0.05 (Tukey). NS —Not Significant.
Source: Authors.

The germination result obtained after 5 days may be justified by the lack of concentration
of metabolites released to exert their action, since the decomposition of the straw was still very
incipient. For the first applied treatment (25%), a certain positive allelopathic effect could be
observed relative to increasing the germination percentage after five days, although without
statistically significant difference.

B. Effects of sugarcane straw (Saccharum spp. Hybrid)
on the initial growth of Achyranthes aspera var. Indica L.

Seven days after the start of the experiment, the cane straw at the proportions of 75%, 100%
and 125% showed a negative allelopathic effect on the initial growth of the length of the cat’s tail
1n comparison with the control and the proportions lower residue. Similar results were observed
at 10 days when a significant statistical difference was observed between these treatments and

the control and the cane straw at 25% and 50% (Table 2).

TABLE 2.

STEM LENGTH OF SPINY CATTAIL (ACHYRANTHES ASPERA VAR. INDICA Li.) AT 7 DAYS AND 10 DAYS.

Treatments (% or normal doses and g/kg of soil Stem length at 7 days (mm) Stem length at 10 days (mm)
1. Control (0%) 25.00a 29.75a
2. Treatment at 25% (1.875 g/kg of soil) 26.252 28.502
3. Treatment at 50% (3.75 g/kg of soil) 21.000P 23.25ab
4. Treatment at 75% (5.625 g/kg of soil) 16.75¢ 19.50¢
5. Treatment at 100% (7.5 g/kg of soil) 15.50¢ 19.25¢
6. Treatment at 125 % (9.375 g/kg of soil) 15.25¢ 17.75¢
Typic Error of Experimental Error 0.33 1.24
Coefficient of variation (%) 6.81 10.79

a,b.c Values in columns with different superscripts differ for P < 0.05 (Tukey). Source: Authors.
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The ANOVA performed with the data obtained on the length of the radicle showed that
the straw exerted a positive allelopathic effect both at 7 and 10 days. At seven days, all the
treatments used showed a significant difference compared to the control, not showing any
difference between them, while at ten days a significant difference was observed compared to
the control only for the 75 and 100% doses, the The rest of the treatments were intermediate
between these and the control from the statistical point of view (Table 3).

TABLE 3.
LENGTH OF SPINY CATTAIL RADICLE (ACHYRANTHES ASPERA VAR. INDICA L.) AT 7 DAYS AND 10 DAYS.

Treatments (% or normal doses and g/kg of soil Ler;%t’? gﬁ;:e(zn]ﬁl;l)icle Legf ;18 32;26(53?3;18

1. Control (0%) 14.00r 16.75b

2. Treatment at 25% (1.875 g/kg of soil) 20.00a 23.253

3. Treatment at 50% (3.75 g/kg of soil) 20.002 21.00ab

4. Treatment at 75% (5.625 g/kg of soil) 21.00a 24.252

5. Treatment at 100% (7.5 g/kg of soil) 20.752 25.772

6. Treatment at 125 % (9.375 g/kg of soil) 19.002 19.752b

Typic Error of Experimental Error 0.65 1.65

Coefficient of variation (%) 6.61 15.20

abValues in columns with different superscripts differ for P < 0.05 (Tukey).
Source: Authors.

Phenolic acids can reduce or increase the concentration of IAA. Ferulic, p-coumaric, vanil-
lic and coumaric acids inhibit gibberellin-induced growth [18]. This explains why a positive
allelopathy is seen for the radicle, while for the stem it is negative, as a result of a break in
the balance between the plant hormones auxin and kinetics.

In the analysis of variance carried out on the percentage of dry matter, a negative allelo-
pathic effect was observed in comparison with the control both at seven and ten days (Table
4).

TABLE 4.
PERCENTAGE OF DRY MATTER OF ACHYRANTHES ASPERA VAR. INDICA L. (SPINY CAT TAIL) AT 7 DAYS AND 10 DAYS.

Treatments (% or normal doses and g/kg of soil Dry matter at 7 days (%) Dry matter at 10 days (%)

1. Control (0%) 11.58¢ 15.49¢d

2. Treatment at 25% (1.875 g/kg of soil) 11.15¢ 18.74¢

3. Treatment at 50% (3.75 g/kg of soil) 7.69P 12.30be

4. Treatment at 75% (5.625 g/kg of soil) 6.77ab 10.042b

5. Treatment at 100% (7.5 g/kg of soil) 6.342 7.55ab

6. Treatment at 125 % (9.375 g/kg of soil) 6.3682 7.492

Typic Error of Experimental Error 0.08 0.14

Coefficient of variation (%) 13.64 20.00

a,be,d Values in columns with different superscripts differ for P < 0.05 (Tukey).
Source: Authors.

At 7 days it could be seen that from 50% the straw begins to exert a negative allelo-
pathic action in a significant way, while at ten days the effect was appreciated from the
75% dose. The best results of the treatments were presented for the 100% and 125% doses,
respectively.

The present results coincide with the statements made by other researchers in relation to
the fact that the sugarcane straw that remains in the field after harvest can interfere with
weed growth [19]. However, the studies should be continued with other types of soils other
than the predominantly clayey one, such as the one in the present study, since it 1s suggested
that the allelopathic activity of the sugarcane leachate has been more pronounced in the soil
with a lighter texture in comparison. with heavy textured soil [20].
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Research on this 1ssue has been carried out, both with cane straw residues and leachates
from it, on weeds or weeds, on the sugar cane itself and also on economic crops that could be
affected in rotation with the sugar cane. In addition, sterile and biotic soil (not sterilized) has
been used and it has been verified that unburned cane straw leachate incorporated into the
biotic soil had a greater effect on root growth, which suggests that microbial activity is involved
in the interference made by sugarcane straw, observing a higher total phenolic content [19].
These investigations demonstrated that water-soluble phenolics may play a role in inhibiting
the growth of Bidens subalternans L. and Brassica campestris L. seedlings.

The most studied variable in studies of allelopathy of sugarcane straw has been the ger-
mination of the seed, for example, it was possible to verify that the allelopathic effects of
2,4-dihydroxy-1,4-benzoxazin-3-one, isolated from sugarcane leaves and its decomposition
product completely inhibited the seed germination of wheat (Triticum aestivum L.), mustard
(Brassica campestris Li.) and caused a 90% inhibition in mung beans (Vigna radiata L.) [21].
However, these results contradict others carried out with different parts of the sugarcane
where the germination of the wheat seed was not affected [22].

The negative allelopathy of sugarcane straw residues in the field is demonstrated since
germination decreased in three dicotyledonous weeds Ipomoea coccinea L., Amaranthus ret-
roflexus L. and Amaranthus spinosus L. by 29%, 17.5% and 80.5%, respectively [23], while
the best treatment for weed in the present investigation reduced the germination of A indica
by 32.8%.

In another research the influence of the sowing depth and the amount of sugarcane straw on
the emergence of weed species Luffa aegyptiaca Miller (Cucurbitaceae); Mucuna térima Piper
& Tracy (Fabaceae - Leguminosae) and Ricinus communis (Euphorbiaceae) were studied. Dif-
ferent responses regarding emergence according to the sowing depth and the amount of cane
straw deposited in the soil were showed. For L. aegyptiaca and M. acantima, no significant
differences were observed in the interaction between depth and sugarcane straw, showing the
adaptation of these species to the sugarcane system, however for R. communis, seeds placed
at 0 cm of sugarcane straw were affected, but it is felt that the depth favored the emergence
of seedlings [24].

In other studies, it was found that sugarcane bagasse extracts did not inhibit the germi-
nation of Chinese kale (Brassica oleracea L. var. Alboglabra Bailey) and cucumber (Cucumis
sativus L.), and only inhibited tomato germination (Solanum lycopersicum L.), by 13% at the
highest concentration (66.7 g / L) [25].

The present results therefore open the way to continue research on the demonstrated alle-
lopathic potential of cane straw on the important weed, A. aspera arvensis in sugarcane fields
in Cuba, being necessary to continue studies in field conditions in different types of soil to do
better weed management with the agroecosystem’s own resources [10], in particular with the
own residues of the sugar cane.

I'V. CoNCLUSIONS

Sugarcane straw (Saccharum spp. Hybrid) at a ratio of 100% and 125% (7.5 - 9.375 g/kg of soil)
exerted a significant negative allelopathic effect on the germination of (Achyranthes aspera
var. Indica L.) at 10 days under controlled conditions.

A negative allelopathic effect of sugarcane straw on shoot growth was shown, but stimulated
radicle growth, however, in general it demonstrated a negative allelopathic effect on initial
growth of Achyranthes aspera var. Indica L. under controlled conditions since a significant
reduction in dry matter was observed at doses above 75% of sugarcane straw (5.625 g/kg of
soil).
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