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Abstract

Objective: To characterize the biodiversity and determine its degree of complexity, as basis for pest agroecological
management in a farmer entity.

Materials and Methods: In the studied farm, belonging to the Colon municipality, Matanzas province, biodiversity
was quantified during one year. Margalef and Shannon (H”) indexes were applied and the methodology proposed by
Vazquez and Matienzo (2010) was used to determine the degree of complexity of biodiversity in the farm, which con-
siders five components: noxious, functional, functional introduced, auxiliary and productive.

Results: A richness of species grouped in 25 families was obtained, which stood out for their use as fruit, timber,
forage and feed. In addition, the scarce number of biopesticide plants, of living barriers and fences, as well as the little
complexity of functional and functional introduced biodiversity, was observed, which contributes to the incidence and
inadequate agroecological management of pests in the productive system. Finally, the unit was qualified as moderately
complex (31 %).

Conclusions: Biodiversity was represented mainly by species from the families Poaceae and Fabaceae, followed by
Anacardiaceae, Boraginaceae and Rutaceae. The farm was classified as moderately complex. The most determinant
biodiversity components of that performance were the functional, functional introduced and noxious ones, which had

negative repercussions on pest management.
Keywords: biodiversity, pathogen organisms and pests.

Introduction

The industrial model of intensive production,
which has prevailed in Cuban agriculture during
400 years, has caused soil degradation and com-
paction, deforestation, overexploitation of natural
resources and rupture of the ecosystemic balance
(Casimiro and Casimiro, 2018), factors that affect
the development of sustainable agriculture.

According to Nicholls et al. (2015) and Fernan-
dez and Marasas (2015), in the world this model has
contributed to homogenizing the landscape, sim-
plifying biodiversity and transforming farms into
artificial ecosystems, highly dependent on chemi-
cal pesticides, machinery, as well as on human in-
tervention. This instability in agroecosystems has
stressed the problems caused by pests, because the
plant communities, modified to satisfy the needs of
human beings, have become more vulnerable to the
intense damage provoked by noxious organisms,
because they have lost the self-regulation charac-
teristics that were inherent to them in their natural

Received: September 14, 2020
Accepted: November 14, 2020

community (Altieri and Nicholls, 2010). While
these communities are modified, the ecological un-
balances that are observed in simplified agricultur-
al systems are more serious and frequent (Nicholls
et al., 2015).

In order to counteract these effects, the agricul-
tural sector in Cuba carries out a process of recon-
version or transition towards sustainable, sovereign
and resilient agricultural production, in which the
rectification of conventional technological failures
and the promotion of agroecological practices lead
to the implementation and knowledge of complex
systems, which preserve natural resources in the
farm redesign. Nevertheless, in order to achieve this
purpose it is important to diagnose in each farm the ex-
isting biological diversity, due to its importance in the
reconversion and design of stable systems, as well as in
the functionality of agroecosystems and, particularly,
in the reduction of pests and conservation of their natural
enemies (Vergara-Ruiz, 2017; Sarandén, 2018).
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Diverse studies have proven that it is possible
to stabilize the populations of pest organisms, when
plant architectures that can maintain the popula-
tions of their natural enemies or that have direct dis-
suasive effects on pest herbivores are designed and
built. In Cuba, these studies have been conducted
mainly in agricultural systems of urban, periurban
and suburban production (Vazquez, 2015; Matien-
z0-Brito et al., 2015a). However, it has not been like
this in farms with animal husbandry-agriculture in-
tegration, like the ones that exist in Matanzas prov-
ince, where these elements are still unknown or the
available information about the topic is insufficient.
Taking the above-explained facts into consider-
ation, the objective of this work was to characterize
the biodiversity and determine its degree of com-
plexity, as basis for the agroecological management
of pests in a farmer entity.

Materials and Methods

Farmer productive entity where the research
was conducted. Farm from a farmer which belongs
to the CCS Sabino Pupo, in the Colén municipal-
ity, Matanzas province, in Cuba. This farm has a
total area of 42,3 ha. Only two of them are used
for family self-consumption, and the rest for animal
husbandry.

Selection criteria for the farm object of research.
It belongs to the Local Agricultural Innovation Pro-
gram (PIAL) Project in Matanzas province. Its his-
tory, time of exploitation and innovative character of
the farmer and his leadership were considered.

Evaluation period. December, 2014 to December,
2015.

Inventory of the biodiversity present in the farm
and determination of the ecological indexes used.
The number of species and individuals was quan-
tified during one year (monthly) and were charac-
terized according to their purpose. The indexes used
to evaluate biodiversity were Margalef richness of
species (MI) and Shannon diversity of species (H),
according to the recommendations made by Moreno
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(2001). The calculation was done through the pro-
gram Diversity Species & Richnness 3.02 (Hender-
son and Seaby, 2002).

Identification of biodiversity. The Diccionario
Botanico de Nombres Vulgares Cubanos (Botanical
Dictionary of Cuban Common Names) (Roig, 1975)
was used.

Determination of the complexity degree of the
biodiversity components in the farm. The method-
ology proposed by Vazquez and Matienzo (2010) for
the quick characterization of biological diversity in
the farms, as basis for the pest agroecological man-
agement, was applied. This methodology considers
five components of biodiversity: productive (Bp),
noxious (Bn), functional introduced (Bfi), function-
al (Bf) and auxiliary (Ba).

For each component different indicators were
evaluated, to which according to the field value they
acquired (absolute or percentage) degrees of com-
plexity were ascribed, according to the scale shown
by table 1. Afterwards, each degree of the scale was
multiplied by the total number of indicators or com-
ponents that had it, and at the end all the values that
resulted from such multiplication were added. The
degree of complexity of each component was ob-
tained from the division of the resulting sum of the
multiplication of each indicator between the value
of the multiplication of the total components by the
number of degrees of the scale (N=4). The degree
of complexity of the farm was obtained from the
division of the resulting value from the sum of the
multiplication of each degree-indicator between the
value of the multiplication of the total components
(N=48) and finally, with the multiplication by one
hundred to obtain the percentage value.

Diagnosis of insect pests and disease-causing
agents. During the evaluated period and in a par-
ticipatory way, there was interaction with the farm-
er to know the main noxious organisms that affect
the crops in his farm and determine his knowledge
about pests and the methods for their control.

Table 1. Scale for classifying the complexity of each indicator and component of biodiversity, as

well as the farm.

Degree of complexity

Denomination of the degree of

of the system Absolute value Percentage complexity of the system
0 0 0 Simplified
1 1-3 1-25 Little complex
2 4-6 26-50 Moderately complex
3 7-10 51-75 Complex
4 More than 10 More than 75 Highly complex
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At the same time, monthly phytosanitary sam-
pling was carried out and the pests and affected samples
were collected. Those plants or their parts damaged by
pathogen microorganisms were collected.

The gathered samples were transferred for their
study to the plant protection laboratory of the Pas-
tures and Forages Research Station Indio Hatuey.
The identification of noxious organisms was car-
ried out with the aid of taxonomic keys and criteria
from diverse specialists (Alayo, 1970; Barnett and
Hunter, 1998; Mound and Kibby, 1998; Peck, 2005;
Triplehorn and Johnson, 2005; Cristobal-Alejo et
al., 2006; Barro and Nufiez, 2011; Pérez et al., 2015;
Véazquez et al., 2015; Estrada and Ramirez, 2019).

That species of insect, mite, mollusk or another
phytophagous animal, phytoparasite nematodes or
fungi, bacteria, viruses and other phytopathogens,
defined by the farmer as important for the plants
of productive interest, according to his individu-
al perception, which can differ from conventional
criteria, was considered a noxious organism. This
aspect was recommended by Vazquez et al. (2015).

Results and Discussion

Biodiversity. The inventory notified in the farm
object of study 167 894 individuals, belonging to
65 species from 25 families. This value, along with
the one reached by Margalef index (DMg) in this
productive entity, which was 5,1, confirmed the di-
verse and considerable richness of species. These
results, quantified with a value higher than five, are
similar to those obtained by Salmén et al. (2012)
and Milian et al. (2018) in Cuba.

Salmén et al. (2012), when evaluating the com-
ponents of biodiversity in an agroecological farm
in Las Tunas, reported a value of 5,7. Milian et al.
(2018) obtained 5,3 in a study of the functionality
of these components in a farm in agroecological
transition in the Perico municipality, Matanzas
province.

In this research, Poaceae and Fabaceae consti-
tuted the two most represented families, with 13 and
11 species, respectively, which reaffirms the impor-
tance they have as feed. In Cuba, these families group
the highest number of edible plants, Fabaceae being
the one on top of the list. It is followed, sometimes,
by Poaceae or Rutaceae, as reported by Gonzalez et
al. (2018) when characterizing the integral function-
ing of a pre-mountain agroecosystem in the Limonar
de Monte Rous community in Guantanamo.

The natural and cultivated pastures (Digitaria eri-
antha Stent, Paspalum notatum Fliggé, P. virgatum

L., Sporobolus indicus (L) R. Br., Hyparrhenia
rufa (Nees) Stapf, Urochloa distachya L. T.Q.,
Cynodon dactylon (L), Dichanthium caricosum
Pers. and Megathyrsus maximus (Jacq.) B. K. Si-
mon & Jacobs), as well as the forage plants (Sac-
charum officinarum L.) and the hybrid of elephant
grass Cenchrus purpureus (Schumach.) Morrone
x Cenchrus americanus L. Morrone.) grouped the
most numerous species. The grasses aimed at hu-
man consumption did not behave like that, from
which only two were quantified (Zea mays L. and
Oryza sativa L.).

The results from this work are in agreement
with the ones obtained by Sanchez-Santana et al.
(2019), who when evaluating the floristic composi-
tion in ten peasant farms referred that the pastures
represented 80 % of the found species.

In the family Fabaceae, superiority of the
species aimed at feeding cattle and improving soil
quality was recorded [Desmodium triflorum (L)
DC, Alysicarpus vaginalis (L.) DC., Tamarindus
indica L., Albizia lebbeck Benth, Leucaena leu-
cocephala Lam. de Wit, Gliricidia sepium (Jacq.)
Walp., Racosperma abbatianum (Pedley) Pedle,
Dichrostachys cinerea and Cannavalia ensiformes
L.] compared with the ones the farmer used to feed
his family [Phaseolus vulgaris L. and Vigna un-
guiculata (L.) Walp].

These results are supported by the fact that in
the farms, whose main activity is cattle milk pro-
duction, almost all the lands are used for cultivat-
ing pastures and forages and, to a lesser extent, in
planting other agricultural crops aimed at animal
and human consumption (Salmon et al, 2012).

This cultivated and associated diversity (pas-
tures, grasses and annual crops) has incalcula-
ble value due to its multiple ecological functions,
among which are erosion control, formation, main-
tenance of fertile soils and pest regulation through
the preservation of beneficial insects and wild life
(Ierman6 and Sarandon, 2016).

In addition, in the farm object of study, biodi-
versity is formed by 41 crops, belonging to other
23 families, among which Mangifera indica L.,
Spondias purpurea L., Anacardium occidentale
L.; Pistacia atlantica Desf. (Anacardiaceae), Swi-
etenia macrophylla King., Melia azedarach L, Per-
sea americana Mill and Sassafras albidum (Nutt.)
Nees (Lauraceae), Cucurbita pepo L., Cucumis
sativus L. (Cucurbitaceae), Ceiba pentandra (L.)
Gaertn. and Guazuma ulmifolia Lam. (Malvaceae),
Cordia alliodora (Ruiz & Pav.) Oken and Mysotis



scorpioies L. (Boraginaceae), Prunus persica L.,
Pyrus communis L. (Rosaceae), Gmelina arborea
Roxb (Lamiaceae), Morus alba L. (Moraceae), Mo-
ringa oleifera Lam. (Moringaceae), Citrus x limon
(L.) Burm. f. (pro.sp.), Citrus reticulata Blanco,
Citrus x sinensis (L.) Osbeck (pro. sp.) and Citrus
aurantium L. (Rutaceae). From these families, the
last one constituted the most represented, with four
species, result that coincides with that reported by
Milian et al. (2018).

From the reported biodiversity, its multiple
functionality also stands out. In the farm the pres-
ence of 12 uses was observed (figure 1). From them,
fruit was the one that grouped the highest quantity
of species (22 from 65 in total). It was followed by
pastures (11), timber-forestry-living fences (9), for-
age (8) and roots and tubers, grains, vegetables, or-
namental plants and biopesticides (three from each
one) and, finally, green manure (one species). This
distribution of the use of plants was higher than the

4,54

4,54

4,54

454

12,12

13,63

M Fruit trees
mTimber-forestry-living fence
Staple food
B Vegetables
Biopesticides
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one referred by Salmon et al. (2012) and Milian et
al. (2018), because they only reported the presence
of trees.

The existence of specific richness of fruit and
other multipurpose trees in this farm ratifies the
criterion expressed by Russo (2015), who stated
that farmers prefer to maintain in their ecosystems
species that can offer multiple economic functions,
which confirms the importance of these plants in
the productive entity.

Trees improve the environment, as well as the
physical, chemical and biological quality of soils.
In addition, they increase the organic matter con-
tent. They are used as living fences, provide shade,
contribute fruit, recycle nutrients, lower the cost of
products in the market, protect the hydric poten-
tial of the place, serve as habitat to the wild fauna
and provide beneficial goods and services for the
human population (Braun et al., 2016). In the an-
imal husbandry sector, forage shrubs improve the

1,51

33,33

16,66

Pastures
B Forage

Grains
B Omamental plants
m Green manure

Figure 1. Distribution of uses in the evaluated farm.
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quality and availability of the basis pasture (Loy-
ola-Hernandez et al., 2019), produce a large quan-
tity of foliage and show crude protein and in vitro
dry matter digestibility contents two or three times
higher with regards to tropical pastures, which
backs up the functionality of these species and their
function in the agroecosystem. For such reason,
upon planting the farmer conceived diversity of tree
plants, with agrosilvopastoral potential, belonging
to the genera Leucaena, Albizia, Morus, among
others found and identified in this farm.

The timber trees present in the paddocks offer
welfare to the animal, improve environmental con-
ditions and constitute strategies that can mitigate
the effect of climate change, as shown in the eval-
uated farm, where the existing trees fulfill those
functions.

Regarding the important aspects for agroecolog-
ical pest management, the scarce number of plants
with biopesticide use could be noted, among which M.
azedarach, A. indica and S. albidum were identified.
The inexistence of others that are used as reservoirs
of entomophages (functional biodiversity): basil (Oci-
mum basilicum L), pot marigold (Calendula officinalis
L.), coriander (Coriandrum sativum L.), fennel (Foe-
niculum vulgare Mill), sunflower (Helianthus annus
L.) and blackjack (Bidens pilosa L.). They are all es-
sential for natural pest control (Vazquez, 2011).

Likewise, scarce interspecific diversity of
crops, the ones that are used as feed and those that
fulfill other functions in the agroecosystem, was re-
corded. They are ornamental plants, vegetables and
grains, besides the ones that are used as barriers
and living fences. The importance of the last ones

is incalculable, due to the significant environmen-
tal services they provide: they delimit the property,
limit the access of people and animals, contribute
to the beautification of the landscape and serve as
sources of forage for the animals. In addition, from
the phytosanitary point of view, they also have bi-
opesticide properties, because they act as physical
barrier and trap plants (Vazquez, 2011; 2015).

The deficient interspecific diversity observed
in this research was corroborated when evaluating
Shannon index (H”), whose final result was 1,7. This
indicates that there is not a uniform distribution of
all the species. Besides, as it is a value lower than
two, it is considered that there is low species diver-
sity, according to the criterion expressed by Moreno
(2001). This was ratified by proving that the most
abundant crop was Z. mays (with 63 904 plants) fol-
lowed by S. officinarum (with 31 250 individuals).
In lower quantity, they were followed by drumstick
tree (M. oleifera), forget-me-not (Myosotis sylvati-
ca L.) and silk cotton tree (C. pentandra), with only
one individual. Meanwhile, multipurpose trees did
have higher interspecific diversity, and approxi-
mately more than 1 000 individuals were quanti-
fied. This result was lower than the one reported by
Salmoén et al. (2012) for the case of fruit trees (244
vs. 400), but higher for timber trees (935 vs. 400).

The evaluated farm is the result of the inten-
sification of the conventional model, and although
the farmer tries to diversify it, the homogenization
and simplification of the landscape, characterized
by the extension of natural pasture monoculture,
forages and other crops of importance for animal
feeding, is shown.

Table 2. Evaluation of the farm according to the degree of complexity of its biodiversity.

Maximum degree of the scale 4
Products of multiplying each degree by the number of indicators that have it:

0x17 (simplified) 0
1x15 (little complex) 15
2x8 (moderately complex) 16
3x3 (complex) 9
4x5 (highly complex) 20
Sum of the products from multiplication of each degree 60
Total evaluated indicators 48
Product from multiplying the total indicators by the number of degrees of the scale 192
Degree of complexity 31

Classification of the farm with regards to the degree of complexity of biodiversity

little complex




Complexity of the farm. The farm was classi-
fied as moderately complex (table 2), category in
which two of the studied components (Bn and Ba)
were grouped, and three were included in the little
complex one (Bn, Bf and Bfi).

Regarding the negative influence of Bn and Bf
on obtaining the simplified complexity degree, the
results of this research coincide with the ones re-
ported by Galindo-Maturell et al. (2019), who in a
similar context to the above-described one studied
productive entities of a suburban agroecosystem
belonging to the Santiago de Cuba province.

In the current moments, the studies related to
the complexity of biodiversity in the animal hus-
bandry farms are highly important. In this sense,
Cuba has implemented diverse strategies, among
which are the delivery of land to usufructuaries and
animal husbandry-agriculture integration, which
require this knowledge for the efficient and sustain-
able management of the productive entities based
on this type of integration.

Figure 2 shows the performance of the components
of biodiversity during the research. The Bn showed a
percentage value of higher complexity than the one ex-
hibited by Bfi and Bf, as well as an inversely propor-
tional performance with regards to such components.

According to Rodriguez-Saldanas et al. (2014),
this interpretation is positive, because the increase
of noxious organisms is related to the decrease of
the activity of biological controls or bioregulators
in the farm, only to mention some examples.

Among the identified insect pests (16, in 15
crops) are Prosapia bicincta fraterna (Say) and

25
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Remigia latipes (Guenée). Fundamentally, they
were found associated to the pastures C. dactylon,
D. caricosum, P. notatum, P. virgatum and M.
maximus; Spodoptera frugiperda (J. E. Smith) and
Helicoverpa zea (Boddie) were recorded in corn;
Erinnyis ello (L.) in cassava, Pseudacysta perseae
(Heidemann) in avocado and Hypothenemus hampei
(Ferrari) in coffee. In sweet potato Cylas formicarius
(Fabricius) and Typophorus negritus (Frabicius)
were identified, and in beans, Omiodes indicata
(Fabricius). Thrips palmi Karny and Bemisia
tabaci (Gennadius) were found in cucumber and
tomato, and Diabrotica balteata J. L. LeConte in
the latter crop. Atta insularis Guérin-Méneville was
recorded in L. leucocephala. Diaphania hyalinata
L. and Aphis gossypii Glover were found in squash.
Vazquez et al. (2015) reported similar results in
different production systems in Havana province,
in Cuba. Similar data were notified by Vargas et al.
(2019), who also identified C. formicarius, H. zea,
T. negritus, D. hyalinata and D. balteata among the
insect species that affected the existing vegetation
in two suburban farms in Santiago de Cuba.

The incidence of phytopathogenic fungi, par-
asites and diseases in animals constituted an-
other significant indicator in the component Bn.
Although it was classified as little complex, harm-
ful agents of relevance for the evaluated produc-
tive system are included here. This is the case of
Pseudoperonospora cubensis Berk & Curt cucum-
ber crop, Erysiphe cichoracearum DC in squash
and Mycospaherella fijiensis Morelet in banana,
microorganisms that are also considered noxious

__—40

B Functional introduced Noxious

Figure 2. Performance of the biodiversity components during the research.
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in the reviewed literature (Hernandez-Mansilla et
al., 2016; Alvarado-Aguayo et al., 2019). Associat-
ed to the second group (parasites), Rhipicephalus
microplus was detected, which coincides with the
report by Fuentes-Castillo ez al. (2019). In the third
grouping (animal diseases) cattle mastitis stood out,
disorder of importance for dairy cattle husbandry
in Cuba (Ruiz-Gil et al., 2016; Garcia-Sanchez et
al., 2019).

From the above-described facts, the need to
maintain an adequate functional biodiversity in the
farm to prevent the agroecosystem from losing its
natural capacity for the self-regulation of noxious
organisms and the ecological control of pests as
ecosystemic services, is deduced.

In the systems where pest regulation is carried
out naturally, conditions and interconnections pre-
vail that favor the stability of insect populations,
as well as the alternative habitats for biological
controls (Altieri and Nicholls, 2010, Terman6 and
Sarandon, 2016; Vazquez and Pérez, 2017). There
are, in variety and abundance, natural enemies that
control them (predators, parasitoids, phytophages,
phytoparasites and phytopathogens), for which in
these environments complex biological processes
provided with high functionality are developed.

In the evaluated agroecosystem irregularities
were detected in the Bf and Bfi components, which
denote the deficient functionality of this farm.

It was observed that in Bf that the farmer did
not make leaf applications of organic fertilizers in
the fields and the farm the rustic offspring of natural
enemies or their massive releases was not managed.
In addition, he did not use the reservoirs of natural
bioregulators either, indicators that were evaluat-
ed as simplified, and which influenced negatively
the little complexity obtained by such component,
whose percentage value was 16 (figure 2).

From the above-referred facts, the need to use
organic amendments is explained, as a practice that
stimulates the protection, conservation and amelio-
ration of the natural fertility of soils, the growth of a
rich community of organisms, the trophic processes
of nutrient transference and the crop development
and protection (Jaizme-Vega, 2015; Martinez-Ro-
driguez, 2015). In addition, the contribution to the
sustainability of the productions of urban, suburban
and, fundamentally, family agriculture, has been
proven.

The urgency to implement viable options for
agroecological pest management, among which
are the conservation, management and utilization

of natural enemies, benefitting functional diversity,
sustainable development of agricultural production
systems and increase of the regulator activity of the
most efficient species, is also acknowledged. High-
er regulation rates are achieved as the result of the
joint action of the different organisms that co-in-
habit the productive system (Vazquez and Pérez,
2017). That is why in Cuba a procedure that utilizes
pseudostems of banana as reservoirs of the ant Phe-
idole megacephala, whose colonies are transferred
and inoculated in the sweet potato fields for the con-
trol of C. formicarius, pest insect diagnosed in the
farm, has been generalized in the farmers in Cuba
(Vazquez, 2011; CNSV, 2016).

Regarding the Bfi component it was corrob-
orated that the farmer did not use the biological
agents (entomophages and entomopathogens) and,
besides, he did not apply mycorrhizae on the crops,
which propitiated that five of the nine measured
indicators in this component were considered as
simplified, and that such component was classified
as little complex. However, these good practices
represent important activities for the promotion of
sustainable production systems, as well as for agro-
ecological pest management. Such as entomopatho-
genic bacterium Bacillus thuringiensis LBT-24 (1-2
L ha') and the entomophage Chelonus insularis
(parasitoid of eggs-larvae), which participate in
the control of the main pest of corn (S. frugiperda)
(Vazquez, 2011; Vazquez and Pérez, 2017; Hernan-
dez-Trejo et al, 2018), and were not found in the
farm object of study.

As indicators of Ba that contributed to the farm
being moderately complex, the absence of species
that serve as repellent plants and their utilization in
the plantations was recorded, as well as the inexis-
tence of crops with permanent shades and deficient
number of tree plantations or miniforests. Such
indicators varied in their complexity level, from
simplified (the first two ones) to little complex (last
indicator). In Bp this was in addition to temporary
shade, associations and intercropping, living barri-
ers and deficient percentage of plantations with this
type of biodiversity, where only the first indicator
obtained the qualification of simplified, the rest be-
ing little complex.

The biodiversity grouped in these two compo-
nents is responsible for important ecological func-
tions and services in agricultural systems. Thus,
its absence limits nutrient recycling and microcli-
mate control, which prevents the development of a
favorable habitat to increase the regulator activity



and conservation of beneficial species. Likewise, it
restricts the regulation of pest organisms (Matien-
7o et al., 2015b) and of the processes and biologi-
cal services, which require for their persistence to
maintain and increase diversity.

Conclusions

The degree of complexity of the studied farm
was qualified as moderately complex, which is due
to the determinant behavior of the components of
functional, functional introduced and noxious bio-
diversity. This obeys, mainly, to the inadequate
management of its biodiversity, which contributed
to the incidence of noxious agents on the crops and
animals.

In the farm, biodiversity was represented main-
ly by species of the families Poaceae and Fabace-
ae, followed by Anacardiaceae, Boraginaceae and
Rutaceae, among others.
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