1( ™ ey
F -' , .9
f 4
Afrlcan Journal of

Agricultural Research

Volume 13 Number 6 8 February, 2018

ISSN 1991 637X




ABOUT AJAR

The African Journal of Agricultural Research (AJAR) is published weekly (one volume per year)
by Academic Journals.

African Journal of Agricultural Research (AJAR) is an open access journal that publishes high-
quality solicited and unsolicited articles, in English, in all areas of agriculture including arid soil
research and rehabilitation, agricultural genomics, stored products research, tree fruit
production, pesticide science, postharvest biology and technology, seed science research,
irrigation, agricultural engineering, water resources management, marine sciences,
agronomy, animal science, physiology and morphology, aquaculture, crop science, dairy
science, entomology, fish and fisheries, forestry, freshwater science, horticulture, poultry
science, soil science, systematic biology, veterinary, virology, viticulture, weed biology,
agricultural economics and agribusiness. All articles published in AJAR are peer- reviewed.

Contact Us

Editorial Office: ajar@academicjournals.org

Help Desk: helpdesk@academicjournals.org

Website: http://www.academicjournals.org/journal/AJAR

Submit manuscript online  http://ms.academicjournals.me/



mailto:ajar@academicjournals.org
mailto:helpdesk@academicjournals.org
http://www.academicjournals.org/journal/AJAR
http://ms.academicjournals.me/

Editors

Prof. N.A. Amusa
Editor, African Journal of Agricultural Research
Academic Journals.

Dr. Panagiota Florou-Paneri
Laboratory of Nutrition,
Faculty of Veterinary Medicine,
Aristotle University of
Thessaloniki, Greece.

Prof. Dr. Abdul Majeed
Department of Botany, University of
Gujrat,India, Director Horticulture,
and

landscaping.

India.

Prof. Suleyman TABAN
Department of Soil Science and Plant
Nutrition, Faculty of Agriculture,
Ankara University,

06100 Ankara-TURKEY.

Prof.Hyo Choi

Graduate School

Gangneung-Wonju National University
Gangneung,

Gangwondo 210-

702, Korea.

Dr. MATIYAR RAHAMAN KHAN

AICRP (Nematode), Directorate of
Research, Bidhan Chandra Krishi
Viswavidyalaya, P.O. Kalyani, Nadia, PIN-
741235, West Bengal.

India.

Prof. Hamid AIT-AMAR

University of Science and Technology,
Houari Bouemdiene, B.P. 32, 16111 EL-Alia,
Algiers,

Algeria.

Prof. Sheikh Raisuddin

Department of Medical Elementology and
Toxicology,Jamia Hamdard (Hamdard University)
New

Delhi,

India.

Prof. Ahmad Arzani

Department of Agronomy and Plant Breeding
College of Agriculture

Isfahan University of Technology
Isfahan-84156, Iran.

Dr. Bampidis Vasileios

National Agricultural Research Foundation
(NAGREF), Animal Research Institute 58100
Giannitsa,

Greece.

Dr. Zhang Yuanzhi

Laboratory of Space Technology,

University of Technology (HUT) Kilonkallio Espoo,
Finland.

Dr. Mboya E. Burudi

International Livestock Research Institute
(ILRI) P.O. Box 30709 Nairobi 00100,
Kenya.

Dr. Andres Cibils

Assistant Professor of Rangeland Science

Dept. of Animal and Range Sciences

Box 30003, MSC 3-I New Mexico State University
Las

Cruces,

NM 88003 (USA).

Dr. MAIJID Sattari
Rice Research Institute of
Iran, Amol-Iran.

Dr. Agricola Odoi
University of Tennessee,
TN., USA.

Prof. Horst Kaiser

Department of Ichthyology and Fisheries Science
Rhodes University, PO Box

94, South Africa.

Prof. Xingkai Xu

Institute of Atmospheric Physics,
Chinese Academy of

Sciences, Beijing 100029,

China.

Dr. Agele, Samuel Ohikhena
Department of Crop, Soil and Pest
Management, Federal University of
Technology

PMB 704,

Akure,

Nigeria.

Dr. E.M. Aregheore

The University of the South Pacific,

School of Agriculture and Food Technology
Alafua Campus,

Apia, SAMOA




Editorial Board

Dr. Bradley G Fritz

Research Scientist,

Environmental Technology Division,

Battelle, Pacific Northwest National Laboratory,
902 Battelle Blvd., Richland,

Washington,

USA.

Dr. Almut Gerhardt LimCo
International, University of
Tuebingen, Germany.

Dr. Celin Acharya

Dr. K.S.Krishnan Research Associate (KSKRA),
Molecular Biology Division,

Bhabha Atomic Research Centre (BARC),
Trombay, Mumbai-85,

India.

Dr. Daizy R. Batish Department
of Botany, Panjab University,
Chandigarh,

India.

Dr. Seyed Mohammad Ali Razavi
University of Ferdowsi,

Department of Food Science and Technology,
Mashhad,

Iran.

Dr. Yasemin Kavdir

Canakkale Onsekiz Mart University,
Department of Soil Sciences, Terzioglu
Campus 17100

Canakkale

Turkey.

Prof. Giovanni Dinelli

Department of Agroenvironmental Science and
Technology

Viale Fanin 44 40100, Bologna

Italy.

Prof. Huanmin Zhou

College of Biotechnology at Inner Mongolia
Agricultural University,

Inner Mongolia Agricultural University, No. 306#
Zhao Wu Da Street,

Hohhot 010018, P. R. China, China.

Dr. Mohamed A. Dawoud

Water Resources Department,
Terrestrial Environment Research Centre,

Environmental Research and Wildlife Development Agency

(ERWDA),

P. 0. Box 45553,

Abu Dhabi,

United Arab Emirates.

Dr. Phillip Retief Celliers

Dept. Agriculture and Game Management,
PO BOX 77000, NMMU,

PE, 6031,

South Africa.

Dr. Rodolfo Ungerfeld
Departamento de Fisiologia,
Facultad de Veterinaria,

Lasplaces 1550, Montevideo 11600,
Uruguay.

Dr. Timothy Smith

Stable Cottage, Cuttle Lane,
Biddestone, Chippenham,
Wiltshire, SN14 7DF.

UK.

Dr. E. Nicholas Odongo,
27 Cole Road, Guelph,
Ontario. N1G 453
Canada.

Dr. D. K. Singh

Scientist Irrigation and Drainage Engineering Division,
Central Institute of Agricultural Engineeinrg

Bhopal- 462038, M.P.

India.

Prof. Hezhong Dong

Professor of Agronomy,

Cotton Research Center,

Shandong Academy of Agricultural Sciences,
Jinan 250100

China.

Dr. Ousmane Youm

Assistant Director of Research & Leader,
Integrated Rice Productions Systems Program
Africa Rice Center (WARDA) 01BP 2031,
Cotonou,

Benin.




African Journal of Agricultural Research

Table of Contents: Volume 13 Number 6, 8 February, 2018

ARTICLES

Characterization of livestock farming in Jacaré dos Homens, Alagoas, Brazil
Cristian Cavalcante Félix da Silva, José Crisdlogo de Sales Silva,

André Maia Gomes Lages, Sandrine Cintia Amorim de Barros White

and Marilia Ferro Marques Cavalcante

Phytosociology of weed community in two vegetable growing systems
Rubens Pessoa De Barros, Ligia Sampaio Reis, Isabelle Cristina Santos Magalhaes,
Wanderson Ferreira Da Silva, Jodo Gomes Da Costa and Aldenir Feitosa Dos Santos

Role of climate change awareness in sustainable soil nutrient management
by smallholder farms in Burkina Faso
Boundia Alexandre Thiombiano, Dénis Ouédraogo, Quang Bao Le and Samuel Nii Odai

Effect of Pseudomonas putida on chrysanthemum growth under
greenhouse and field conditions
Matheus A. P. Cipriano and Sueli S. Freitas




academic]ournals

Vol. 13(6), pp. 281-287, 8 February, 2018
DOI: 10.5897/AJAR2017.12364

Arficle Number: C294C1355895

ISSN 1991-637X

Copyright ©2018

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Characterization of livestock farming in Jacareé dos
Homens, Alagoas, Brazil

Cristian Cavalcante Félix da Silva'’, José Cris6logo de Sales Silva®, André Maia Gomes
Lages®, Sandrine Cintia Amorim de Barros White* and Marilia Ferro Marques Cavalcante®

'Departamento de Esportes de Rio Real, State University of Alagoas — UNEAL, Santana do Ipanema — AL, Brazil.
*Center for Nuclear Energy in Agriculture - CENA/USP, State University of Alagoas — UNEAL, Campus Il, Santana do
Ipanema — AL, Brazil.
3Faculty of Economics, Management and Accounting, Federal University of Alagoas - UFAL. Maceié, Brazil.
“State University of New York — SUNY ESF, USA.

Received 6 April, 2017; Accepted 7 November, 2017

Dairy farming is one of the most significant activities for Brazilian agribusiness, especially for its
diversity and breadth. This study aimed to analyze the characterization of dairy farming activity
developed in the Baixas community, in the city of Jacaré dos Homens-AL, Brazil, raising information
about the production system adopted and considering the relevance of this activity to the locality. The
research was conducted between September and October, 2011, through a questionnaire applied to 31
milk producers in the region. We used data tool software Microsoft Excel® 2010 and the results were
analyzed in a descriptive statistical way, presented as absolute and relative frequency in charts.
Conventional technique interviews were adopted. It can be concluded that despite the low level of
school education, the majority of farmers are over 10 years in business and over half of them have
incomes of less than 1 minimum wage. Despite the good production average 10 L/cow/day, the number
of animals is small and for this reason, the income is low. Moreover, 45% of the producers do not have
any type of economic and zootechnical control. However, barriers in the areas of management,
nutrition, sanitation and genetics, combined with the implantation of technology and public policies
focused on livestock, must be addressed so that this region can optimize its development.

Key words: Agribusiness, regional development, dairy farming.

INTRODUCTION

In 2014, the European Union ranked first among the
world's largest milk producers and had an estimated
production of 38.2 billion gallons, followed by India with
37.3 billion gallons. The United States came in third place

with 24.6 billion gallons and China in fourth place with
10.2 billion gallons. Brazil is in the fifth position, with 8.8
billion gallons, an increase of 3.7% over the previous
year (USDA, 2014).
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In this context, in 2014 the South region was in first
place among the large Brazilian regions, holding 34.7%
of the national production. However, Minas Gerais
remained as the main producer state, with a production of
2.5 billion gallons, which corresponds to 77% of all the
production in the Southeast region and 26.6% of the
national production (Portal Brasil, 2015).

The milk production chain is among the most significant
areas for Brazilian agribusiness, mainly due to its
diversity and breadth. Brazil had a cattle herd of 212.3
million head in 2014, an increase of 569 thousand
animals compared to 2013. The country still had the
second largest herd in the world, being surpassed only by
India, despite the several mishaps faced in the regional
context, more specifically due to the strong drought and
its consequences (IBGE, 2015).

The dairy sector is fundamental to the economic
development of family-based farming in many regions of
Brazil (Eurich et al., 2016). The breeding of dairy cattle
developed at the semi-arid region of Northeastern Brazil
is mostly composed of family establishments, with low
level of technological innovation and seasonal
production, due to the rainy and dry periods of the year
(Guimardes Filho and Soares, 1999). The predominant
breeding regimes are the extensive and the semi-
intensive, in which the animals use the native vegetation
of the Caatinga biome (exclusive to Brazil) for their
maintenance and production (Alves et al., 2009). The
Caatinga has the characteristics of a savannah, with
xerophytic plants, and rare rainfall (around 12 to 31.5
inches per year), occupying 10% of the territory of Brazil.

In the extensive system, investments in facilities are
reduced, having food support based on native pastures.
When concentrated and mineral supplementation is
available, they are not always adequate to the nutritional
requirements of the herd. Another relevant aspect is the
low reproductive and sanitary control, which leads to the
limitation of milk yield per animal (LIMA, 2011).

The information from this study was generated through
the program Alagoas Mais Leite, from the State
Department of Agriculture of the State of Alagoas that
hired Empresa Pecuaria Intensiva de Consultoria, which
with EMBRAPA is allowed to execute the methodology of
the Projeto Balde Cheio. The project assisted 500 milk
producers in several cities in Alagoas, organized in
associations and productive groups. The program began
in the second half of 2011 and ended in the second half
of 2016.

The municipal HDI is adapted from the world famous
version of HDI. It evaluates well-being from the geometric
mean of three dimensions: income, health and education.
Jacaré dos Homens is a city located in the State of
Alagoas, Brazil. The country had 5507 municipalities in
the 2000s. According to PNUD data, available in
Wilkipedia, out of the 101 municipalities of Alagoas at the
time, Jacaré dos Homens ranked 56th in terms of
municipal HDI in Alagoas (PNUD, 2010). This

corresponded to the 5098th position at the national level,
holding a mHDI of 0.571. It is worth remembering that
this indicator goes from O to 1. The closer to 1, the better
the performance. In this context, it should be noted that
Maceio, the capital of the state, is the city with the best
ranking in Alagoas, with a mHDI of 0.739, occupying the
2180th position among the Brazilian municipalities.

When using PNUD official data for 2010, Macei6
ranked 1266th. As the city is a capital of a Brazilian State,
this position was still far below the expected, with an HDI
of 0.721. The numbers fell, but the relative position of that
city improved even with the increase in the number of
municipalities during that period of time. Thus, in 2010,
there would be 5565 Brazilian municipalities. At that
same time, Jacaré dos Homens jumped to 4562th
position, holding a HDI of 0.583. It is very interesting to
note that it performs really well on the health dimension,
well above its index aggregate value.

The HDI does not capture the income distribution
aspect. This information is provided by the GINI index.
The closer to 1 the value of the municipal GINI index, the
worse the income distribution. In the case of Jacaré dos
Homens, its GINI index was 0.505. Macei0, in the same
period, had the value of 0.6378. That means a lot worse
than Jacaré dos Homens. For comparative purposes
only, the municipality of S&o Paulo, the largest in Brazil in
population, had the GINI of 0.6453. Meanwhile, Chapecbé,
in the countryside of the State of Santa Catarina, had
0.4819. The capitals seem to present lower results when
compared to countryside cities, since Floriandpolis,
capital of Santa Catarina, had the value of 0.5474. This
situation is similar to Macei6. From everything that has
been analyzed, it can be concluded that Jacaré dos
Homens presents a relative adverse situation in social
terms.

The objective of this study was to characterize the dairy
cattle production system in the community known as
Baixas, in the city of Jacaré dos Homens in Alagoas,
based on social, economic and zootechnical aspects,
aiming to contribute to the maintenance and improvement
of the dairy production in the region, as it is the main
economic activity of the municipality.

MATERIALS AND METHODS

The present study was carried out in the municipality of Jacaré dos
Homens, located in the southwestern region of the State of
Alagoas, Brazil, a mesoregion of Sertdo Alagoano, which is
characterized by the presence of the caatinga biome, a savanna
that only exists in Brazil. The city is located approximately 122 miles
from the capital of the State of Alagoas, Maceid, at an altitude of
approximately 443 feet and geographic coordinates 9°38' 08" S and
37°12' 17" W. The climate is semi-arid tropical, with dry season,
with irregular rainfall and low relative humidity, and has an average
annual rainfall of 17 inches (DB-City, 2016).

The research was carried out with the use of a structured
guestionnaire used for the initial diagnosis and characterization of
properties used by the Balde Cheio program, from EMBRAPA
Pecuéria Sudeste. This public company stands out in Brazil for the



generation of new technologies in the agricultural sector. The
objective of this study was to collect information about the social
aspects of producers, obtainment of rural financing, types of
economic activities practiced on rural properties, herd management
practices (food, productive, reproductive, genetic and sanitary) and
property rentals, besides the factors considered more important for
the producers regarding the development of rural activities.

Interviews were done with families of milk producers, at their
properties' headquarters. In some cases, more than one member
participated. 31 questionnaires were elaborated with structured
questions, where 10 relevant aspects were selected among the
questions in the standard questionnaires by the Balde Cheio
program. It is important to mention that the 31 interviews represent
the total statistical population of the city. The software Microsoft
Excel® 2010 was used, and the results were analyzed in a
descriptive statistical way and presented as absolute and relative
frequency in charts.

The research is descriptive and exploratory. For the first case, it
is description of the studied phenomenon and its characterization
and for second case, to show information about the production
system at the Caatinga biome for a public that may not know it.

For convenience, this is the case of a non-probabilistic sample,
which selected the accessible producers that were part of the
project mentioned above. The research is descriptive and
exploratory. In the first case, it describes the phenomena studied
and their characterization and in the second case, it opens some
information about the production system in the Caatinga biome to
an audience that would probably ignore it.

The formula used to calculate the productivity would be: the
standard daily milk production in liters / number of dairy cows) *365
days = milk production in liters/cow/year. This formula led to the
results analyzed below.

RESULTS AND DISCUSSION

In this study, when the socioeconomic profile of the
interviewees was analyzed, it was found that these
individuals are, on average, 45 years old and have a
property with about 8 hectares.

It can be observed that the educational level can only
be considered “good”, since although the activity does
not require producers with a high level of education, they
are favored if they have a higher level of education, as it
brings a greater easiness for the absorption of new
technologies for increasing the productivity. More than
half of the producers show minimal knowledge at reading,
writing, calculations and routine note taking, among other
tasks (Chart 1), similar data were found in a study titled
Characterization of Dairy Cattle in the Municipality of
Diamantina-MG). In this study, it was observed that 42%
of the interviewees have elementary education (8 years
of formal study); 17.1% went to high school (11 years of
formal study); 15.5% do not have schooling; 14.8% have
incomplete primary education; 7.9% have university
degree (15 years of formal studies) and 2.6% have not
finished their university course yet (Almeida, 2013).

The income results showed that 52% of the households
earn less than the minimum wage with the activity
(minimum wage in Brazil 2011 ~ R$ 545.00 during the
research, where in September/2011, US$1 = R$ 1.75 and
US$1 = R$ 1.77, in October/2011). According to the data,
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45% earn more than the minimum wage at the time and
3% earned the equivalent of a minimum wage (Chart 2).
These indices show that the income uniformity is due to
the fact that, the families take their livelihood only from
the milk activity. This means the absence of pluriactivity
(Schneider, 2003). This perception is perhaps liked to the
low level of education of the participants. This is then a
barrier in terms of low degree of human capital and local
cultural vision, the accommodation to an existing
situation, not looking for other sources of income. A priori,
in the vision of the producer, the daily milk activity does
not cause the perception of such need. Moreover, the low
degree of centrality, within Christaller’s vision, favors the
open options with the plurarity, in this adverse situation.
Another factor that can correlate these indices is the
activity time, since 94% of the producers have already
been engaged in the activity for more than 10 years and
are more stabilized, despite the low financial gains (Chart
3).

This information gives a relative view, but when the
GDP per capita is analyzed, the reality becomes different.
For this, some comparative data are observed. The
largest Brazilian municipality in terms of population, S&o
Paulo, would have GDP per capita of R$ 37,105.08.
Floriandpolis, in Santa Catarina, would have GDP per
capita of R$ 31,998.89. Chapecé, in Santa Cantarina,
presents R$ 26,121.03 for this indicator, and Maceio, in
Alagoas, R$ 14,836.26. Finally, Jacaré dos Homens
presents GDP per capita of R$ 7,286.06 (IBGE, 2017),
considering the value of the currency for the year 2012.
This is considered as the Real currency with current price
for the year 2012. The cities in Alagoas have a very low
indicator, being worse for Jacaré dos Homens. The milk
cattle activity, thus, has not yet been able to bring to the
city a greater income vitality or better distribution of the
income generated, despite presenting a better
performance than Maceid in terms of income distribution,
according to the Gini index. This may reflect the need to
further increase the milk and dairy production chain in the
region, so as to bring greater aggregation of local value
and improvement in per capita income.

Considering the analyzed properties, from the total
cattle herd destined to milk production, the predominant
breed was Girolando, a result of crossbreeding between
the GIR and Holstein breeds. As shown in Chart 4, 35%
of the cows are lactating, 12% are dry cows, about 25%
are calves and 13% are heifers. Through Chart 5, it can
be analyzed that the milk production of the Baixas
community in Jacaré dos Homens is characterized by
small producers, who have an average daily production
under 40 L. Out of the total of cows in the lactation
period, the average daily production is 31.4 L day and the
average production per cow reaches 10.6 L/day, which is
equivalent to 3872 liters/cow/year.

According to IBGE (2014), the average productivity of
milk production in Brazil was 1,525 liters/cow/year in
2014, corresponding to a growth of 2.2% in relation to
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Level of Education
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Chart 1. Level of education, Source: Based on the survey data.

Economic condition of the producers
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Relative frequency % 52%
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Chart 2. Economic situation of producers, Source: Based on the survey data.

2013 (1,492 L/cowl/year). The South Region showed the
highest national productivity, 2 789 liters/cow/year, an
increase of 4.3% in 2014, compared to the previous year.
The highest productivities occurred in the South of the
country, in terms of aggregated data by State; The State
of Rio Grande do Sul has the highest national productivity
(3,034 L/cowlyear), followed by the States of Santa

Catarina (2,694 L/cow/year) and Parana (2,629
L/cow/year). The lowest productivity was found in the
State of Roraima (345 L/cow/year), in the northern region
of Brazil. In terms of cities, despite the leadership of
Araras (11,364 L/cowlyear), in the State of S&do Paulo
(SP), southeast region, more than 50 cities are among
the largest producers, and all of them are in the southern
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Chart 3. Time of experience in the activity, Source: Based on the survey data.
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Chart 4. Herd composition, Source: Based on the survey data.

region of Brazil. Castro, in the State of Rio Grande do
Sul, Castro (7469 L/cowl/year) and Carlos Barbosa
(6827L/cowlyear), in the State of Paran4a, are the second
and third place in this productivity ranking, respectively.
Therefore, the average productivity of the producers
surveyed is twice the national average. The result comes
from a sample (not probabilistic), for convenience,
composed by who is the part of the program in that city.
For comparative purposes, the IBGE data estimated for
2014 showed a production of 2336 L/cow/year. Of
course, slightly lower than the mean of the selected
sample, even with 2014 data.

Regarding the management of agricultural practices, in
addition to seeking to maximize the dairy productivity of
the herds, both the feeding, and the economic and

zootechnical data also have repercussions on the quality
of the milk. However, in order to obtain a better yield, it is
necessary to make use of a set of sanitary, herd
management and pasture practices. However, none of
the producers do soil analysis and only 3% use
mechanized traction to work the soil of the property.
Zootechnical control is a management technique that
has been widely used in dairy farms. With this technique,
the producer has the possibility to make notes on the
productive life (milk control), reproductive (reproductive
control) and sanitary (sanitation control) of each animal of
the property. These indicators of zootechnical
performance are fundamental for the decision making of
the milk producer, aiming at the efficiency and
productivity of the milk activity. In the region studied,
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Productive indices
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Chart 5. Production indices, Source: Based on the survey data.

amounts of 45% of producers claim not to make any kind
of control within their property. On the other hand, 42% of
them do zootechnical and economic control. This
percentage corresponds to almost half of the
interviewees and is considered as a source of production
growth within the municipality. It is estimated that this
number will increase in the coming years (Chart 6).

An example of the advantage of adoption of
zootechnical control is the knowledge of the production
profile of the animals in the farm, allowing them to be
separated by batches, so the balance of the diet can be
specific for each group. It is also possible to observe the
period of droughts and rainfall of the region in function of
the feeding management of the animals, since during the
rainy season the animals feed mainly on native pasture,
and during the dry season the food supplementation is
based on the use of silage and palm, according to Charts
7 and 8. The importance of the combination of pasture,
batch separation, zootechnical control and food
supplementation is evidenced when evaluating its
contribution to the productivity of the herd. Therefore,
planning is essential to ensure the balance between
forage production and demand, in order to ensure high
efficiency of pasture utilization and maintenance of
conditions favorable to productivity and animal
performance. In the dry period, the main food is spineless
cactus (Nopalea cochenillifera), corn silage (Zea mays L)
and pasture grasses, mainly Buffel (Cenchrus ciliaris). In
the rainy season, pastures of native plants abound, with
herbs and shrubs favoring the feeding of animals. In
addition to green Buffel, there are other grasses such as
Milhd (Digitaria horizontalis Willd) and Quince (Cydonia
oblongata).

Regarding reproductive management, 55% of the
interviewees opt for uncontrolled mating and 45% use the
artificial insemination method (Chart 9). The first type of
management is advantageous due to the low cost of

specific labor. However, the second excels because
insemination ensures a greater chance of fertilization and
calving as well as providing the improvement of the herd
and allowing the choice of features that will remain in the
calves. In a study in the southern region of the country,
higher percentages were found. It was found that 81% of
interviewees use artificial insemination as the main
method of reproduction, which shows the use of
technology performing on the activity. The remainder,
approximately 19%, uses mating by natural mating in the
breeding system (Caixeta, 2009).

Through a good health management - conducting
clinical examinations and vaccinations - the farmer is able
to prevent, control and even eradicate some diseases. It
is important to note that, in addition to the foot-and-mouth
disease, other diseases such as brucellosis, clostridiosis,
carbuncle, mastitis and parasitic diseases should be
monitored and treated. It was observed that almost all
producers carry out vaccination against foot-and-mouth
disease and parasite control, and have a 100% non-
vaccinated herd against anthrax, clostridiosis and
brucellosis (Chart 10). In the same study mentioned
above, it was observed that in vaccination against foot-
and-mouth disease, 100% of the respondents said that it
was done during the established periods. As for mastitis
and other diseases caused by the lack of adequate
health management, it was verified that all the
interviewees consider low the index that affects the herd,
therefore they do not see the necessity of vaccination of
the animals (Caixeta, 2009). The control agencies of the
State Government (Agency of Defense and Agricultural
Inspection of Alagoas - ADEAL) and Federal control
(Ministry of Livestock and Supply) monitor the control of
vaccinations to maintain the control of zoonosis and
infectious diseases in the State of Alagoas and Brazil.

In 97% of the properties, two daily milks were
performed, considering the 12 h milking interval (Zoccal,



2004). During the interview, all producers stated that the
milking is done manually and do not perform the sanitary
practices of pre and post dipping. This information is a
negative indicator for both the prevention of health of the
herd, and for the quality of milk, as these tools are
essential for reducing contamination by the skin of the
teats before milking and eliminating most bacteria that
are on their skin after milking, reducing the colonization of
the skin of the teats, which is the main way of
transmission of contagious mastitis without leaving
residues in milk (Simdes, 2012).

Conclusions

After the research, it is concluded that despite the low
level of education of the producers, most of them are
more than 10 years in the activity and more than half of
them have income less than a minimum wage. Despite
having a good average production (10 L/cow/day), the
number of animals is low, justifying the income less than
1 minimum wage. About 45% of the producers do not
have any type of economic or zootechnical control.

According to data from the Brazilian Institute of
Geography and Statistics (IBGE, 2014), considering the
municipal productivity (liters/cow/year) according to the
traditional calculation method, Jacaré dos Homens has
an HDI well below the cities of Ararangua (SC) and
Anahy (PR). In spite of this, these mentioned
municipalities present the same productivity of milk.

In this case, we can conclude four distinct and
complementary situations. The first is that there is no
pluriactivity, that is, farmers do not have alternative
sources of income. Second, there is a lack of chain
densification also with the purpose of aggregating value
and indirectly to provide a better distribution of income
along the chain. Third, Balde Cheio program is
fundamental to increase the diffusion of technologies that
allow greater gains through greater productivity, and even
the expansion of the herd. There is room for this, clearly.

Finally, this article aimed to characterize a production
system based on an exploratory research, which makes it
very important to reduce the asymmetry of existing
information. In addition, to this, the research agenda is
allow to expand, as it can encourage interesting
international comparisons which is a specific biome with
edaphoclimatic conditions that impose restrictions for the
activity.
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The aim of this study was to perform a phytosociological survey of the weed community present in
organic and conventional vegetable growing systems conducted in Alagoas state, in Brazil. The survey
was carried out from February 2014 to January 2016, within which 30 samplings were made. The
evaluated parameters were given by the calculation of frequency, density, abundance, relative
frequency, relative density, similarity index (Sl) and importance value index (IVI) for each species. In
total, 299 weed species were identified, which were grouped into 11 botanical families: Amaranthaceae,
Asteraceae, Commelinaceae, Cyperaceae, Euphorbiaceae, Malvaceae, Molluginaceae, Phyllantaceae,
Poaceae, Rubiaceae and Solanaceae. The Euphorbiaceae family in conventional farming, stood out,
since it showed an importance value index (IVI) more than, the Amaranthaceae family in the organic
farming. In the conventional cultivation, IVI was of 91.53% for Asteraceae and 46.95% for Poaceae.
Moreover, a major diversity of weed species was observed in organic cultivation, being superior to
conventional one in all phytosociological parameters.

Key words: Diversity, olericulture, weed community.

INTRODUCTION

Vegetable growing in Brazil is diverse with more than 70
species of vegetables being produced and consumed.
This production has increased in 33% during the last
decade. Even though there has been a decrease of 5% in
grown area, yields have been increased in 38% due to
adoption of certain cultural practices (EMBRAPA
Hortalicas, 2012).

The South and Southeast regions of Brazil are
responsible for most part of the domestic production,
wherein 60% of the farms are located near the great
consumer centers. These greenbelts, as are so-called,

are family farms of around 10 hectares, which are
intensively exploited (Silva et al., 2015). Information
released by the Brazilian Yearbook of Vegetable Growing
indicate a production of around 18 thousand tons of
vegetables within a planted area of 800,000 hectares,
with an average yield of 23 tons per hectare, being
equivalent to 94 kg per inhabitant year® (Anurio
brasileiro de hortalicas, 2014).

Growing together with weeds is a factor that
compromises vyield and quality of agricultural crops,
mainly with regard to vegetables. Weed species generally
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interfere with crops by competing for light and nutrients
within the soil-plant system (Soares et al., 2010). The
degree of interference of weeds in the crops depends on
the distribution, frequency and abundance of the species,
especially those that are in greater density and diversity
(Kuva et al., 2000). Ricci et al. (2006) and Gama (2009)
reported increasing frequency of weed species in organic
cultivations, where agro-ecological practices are adopted
instead of the use of herbicides, in which, even so, there
is an increase of undesirable grass species are
unwelcome for a selective management.

According to Gomes and Christoffoleti (2008),
phytosociological surveys are necessary to bring
knowledge of the distribution of a certain species over the
others, allowing quantitative interpretation of a studied
community, as well as viewing of their biological
interrelations, assisting in weed management through the
adoption of efficient of controls strategies. When dealing
with agro-ecosystems of low vyield, special attention
should be given mainly with regard to ecological
problems arising from the increase in irrigated areas,
which enhance germination of weed seeds and soil
salinization (Srivastava and Singh, 2014).

The production of safe food in a bountiful way is of
great importance to solve the problems of world hunger.
However, crop phytosanitary problems with pest insects
and weeds hinder the achievement of such production
targets. Improvements in pathogen control or coexistence
between plants could significantly increase food
production. The three major cereals - wheat, rice and
maize - grown worldwide provide about 60% of human
food. These crops are derived from weeds that have
become the three plants abundantly scattered on planet
Earth (Tilaman et al., 2002).

This study assumes that phytosociological parameters
of a weed community (PPWC) within a farming system
show the interaction between adopted management
practices (MP) and weed species adaptation within the
soil-plant system (WASP), that is, PPWC = MP + WASP.
Thus, the aim of this research was to make a
phytosociological survey of the weed community in two
types of vegetable growing systems, organic
(management with natural products) and conventional
systems (management with synthetic products).

MATERIALS AND METHODS

The phytosociological survey of the weed community was carried
out between the months of February 2014 to January 2016, in a
5.0-ha organic and conventional growing areas located within an
environmentally harsh region of the State of Alagoas, Brazil. The
survey was conducted in the field at 45 days after transplanting the
seedlings, dividing each growing system into 30 plots. The plants in
each plot were collected and properly identified following the
Angiosperm Phylogeny Group - APG system.

Samplings were conducted by throwing a wooden square of 0.5
m2 randomly on the net plot. All weeds within the square were
considered as one sample and were identified by botanical family,
using method similar to that used by Cunha (2014) and Kuva et al.
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(2000). Samples of plant material taken from the field were
collected along with root system, being spread flat on sheets of
newsprint duly identified and separated by botanical species and
family; and then dried under Full sunlight at room temperature.

The weed species were quantified according to frequency, which
expresses occurrence intensity at different areas, in percentage; to
density, which is the number of plants per unit area, expressed in
plants per square meter; and to abundance, which shows the
concentration of certain species within a certain area. In addition to
these calculations, the values of relative frequency, density and
abundance were also quantified, with which it was possible to
estimate the importance value index (IVI) for each species. This
index establishes an integration parameter for the partial variables,
joining them into one simple expression, showing the relative
importance of each species in a better way when compared to other
phytosociological parameters. For the calculations of such
parameters, the equations below were used (Cunha et al., 2014):

Total number of plots with the species x 100
number total of plots used

Frequency (Fr) =
)

Total number of individuals per species

Density (D) =
ty (D) Total sample area

@)

Total number of individuals per species

Abundance (Ab) =
(Ab) Total number of plots containing species

(©)
Frequency species X 100

Relative frequency (FrR) = Overall frequency

4
Density species ® 100
Total density

Relative density (DeR) =
)
Abundance X 100

Overall abundance
(6)

I'mportance Value Index = DeR + FrR + AbR (7)

Relative abundance (AbR) =

Since the number of individuals per species was obtained, a
descriptive analysis was made through phytosociological
parameters represented by the relative importance (R.1%) (Pitelli
and Pitelli, 2008). The IVl was estimated by equation too. The
relative importance index was chosen to describe changes on weed
community and on each weed species, because such index best
expresses relationships among the populations composing the
community. Such effectiveness come from the fact that this index
considers for each plant population the frequency of occurrence,
the number of individuals and the accumulated dry matter
(Carvalho et al., 2008).

RESULTS AND DISCUSSION

The botanical diversity was significant, in which the weed
community was represented by 299 species grouped into
11 families, being common to both growing systems. The
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Table 1. Phytosociology data of weed communities in organic farming.

Species Freq. (%) Den. (%) Abu. (%) FrR.(%) DeR.(%) AbR. (%) IVI (%)
Amaranthus deflexus L. 83.33 0.22 6.8 11.62 26.92 8.28 46.82
Amaranthus Lividus L. 16.66 0.01 2.00 2.32 1.32 2.43 6.07
Amaranthus spinosus L. 16.66 0.04 6.00 2.32 5.31 7.31 14.94
Amaranthus spp 50.0 0.086 4.66 6.97 10.45 5.67 23.09
Phyllanthus spp 16.66 0.01 4.00 2.32 1.32 4.87 8.51
Phyllanthus niruri L. 50.0 0.016 1.00 6.97 1.99 1.21 10.17
Chamaesyce hirta (L.) Milisp. 50.0 0.06 3.00 6.97 7.54 3.65 18.16
Chamaesyce prostrata (Aiton) Small 33.33 0.07 55 4.65 9.30 6.70 20.65
Acalypha communis Mull. Arg. 83.33 0.71 21.6 11.62 83.42 26.32 121.36
Cammelina benghalensis L. 66.66 0.19 7.5 9.30 23.35 9.13 41.78
Sida spp 66.66 0.04 1.5 9.30 4.88 1.82 16
Pennisetum clandestinum Hochst. ex Chiov 33.33 0.046 3.5 4.65 5.98 4.26 14.89
Brachiaria plantaginea (Link.) Hitchc. 16.66 0.006 1.00 2.32 0.67 1.21 4.2
Cynodon dactylon (L.) Pers. 16.66 0.02 3.00 2.32 2.23 3.65 8.2
Ricinus communis L. 16.66 0.02 4.00 2.32 2.65 4.87 9.84
Luziola peruviana juss. ex. J.F.Gmel 16.66 0.006 1.00 2.32 0.79 1.21 4.32
Eleusine indica (L.) Gaertn. 16.66 0.02 3.00 2.32 2.65 3.65 8.62
Pyhysalis pubescens L. 66.66 0.066 3.00 9.30 9.02 3.65 21.97

FrR =relative frequency; DeR= relative density; AbR= relative abundance; Freq = frequency; Abu= abundance; Den.=density; IVI= importance value

index.

observed families were Amaranthaceae, Asteraceae,
Commelinaceae, Cyperaceae, Euphorbiaceae,
Malvaceae, Molluginaceae, Phyllantaceae, Solanaceae,
Poaceae and Rubiaceae. Cunha et al. (2016) presented
similar families in a phytosociological survey with forage
tifton.

In organic farming, the highlighting species from
Euphorbiaceae family were Acalypha communis Mull.
Arg. (121.36%), Chamaesyce prostrata (20.65%) and
Chamaesyce hirta (L.) Milisp. (18.16%). Data revealed
that under conventional cultivation, Asteraceae family
was predominant, which is considered one of the largest
families of weed in number of species. The
representative species were Ageratum conyzoides L. and
Conyza bonariensis (L.). Surveying in sweet pepper
cultivations, Cunha et al. (2014) found weed species
similar to this research.

In the same way, Erasmo et al. (2004) reported similar
results when assessing weed communities in wetlands of
Vicosa in Minas Gerais state (Brazil); the authors
highlighted the Euphorbiaceae family for showing the
largest number of species in the studied areas. The high
number of weed species in organic systems observed in
this study may be due to the high potential viability of a
seed bank to germinate where there is no herbicides
applied.

Silva et al. (2007) stated that all agricultural land is a
potential weed seed bank, holding about 2,000 and
50,000 seeds per square meter within the upper 10 cm of
the soil profile. In vegetable crops, rhizosphere is quite

shallow, which increases germination chances, even
though in a given period, only 2 to 5% seed would
germinate whereas the rest remain dormant.

The species of major importance in organic farming
was Acalypha communis Mull. Arg., with an IVI of 121.36,
found in plots at a frequency of 83.33% and density of
0.71 plant m? (Table 1). Vaz de Melo et al. (2007) noticed
that Bidens pilosa was the species of greatest relative
importance in crop of sweetcorn. Another genus that
stands out is Amaranthus, commonly known as pigweed.
Kissmann and Groth (2000) stated that there are about
60 plant species belonging to this genus (pigweed or
caruru), among which 10 are important weed in crops
(Table 1).

The genera Acalypha and Amaranthus showed major
similarity indexes respectively, in the organic cultivation.
In this environment, mulch is widely used, which hampers
germination of soil seed bank. Nevertheless, this system
presents a greater diversity of weeds compared to the
conventional farming system growing the same
vegetables (Braga et al., 2012).

The similarity index (SI) was used to verify the similarity
among the weed species found in the plots in areas of
organic cultivation. Through that, it was possible to detect
similar genera existing among all evaluated plots; for
instance, the species A. communis Mull. Arg. and A.
deflexus L. showing Sl of 83.72 and 26.35% (Table 2).
For values above 25%, it is said that the species are
adapting themselves to the current growing system,
remaining their genotypes through seed bank (Table 2).
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Table 2. Similarity index (SI) among all plot in the research area —

organic farming.

Species S| (%)
Amaranthus deflexus L. 26.35
Amaranthus Lividus L. 1.55
Amaranthus spinosus L. 4.65
Amaranthus spp 10.85
Acalypha communis Mull. Arg. 83.72
Brachiaria plantaginea (Link.) Hitch 0.77
Chamaesyce hirta (L.) Milisp. 6.97
Chamaesyce prostrata (Aiton) Small 8.52
Commelina benghalensis L. 23.25
Cynodon dactylon (L.) Pers. 2.32
Eleusine indica (L.) Gaertn. 2.32
Luziola peruviana Juss. ex J.F.Gmel 0.77
Pennisetum clandestium Hochst. ex Chiov. 5.42
Phyllanthus spp 3.10
Phyllanthus niruri L. 2.32
Sida spp 4.65
Ricinus communis L. 3.10
Pyhysalis pubescens L. 9.30

These values were higher than those found by Braga et
al. (2012), who estimated this index for species found in
no-till and conventional tillage, with or without limestone
applications and at different times of evaluation. These
authors found a value of 81.1%, which is considered
high. Similar results were encountered by Duarte Jr. et al.
(2009), who reported an index of 85.71% for infesting
plants in different planting systems.

Among 41 individuals found in conventional farming,
seven botanical families were identified, among which
Asteraceae and Poaceae were the mostly present
groups. These botanical families represent the main
groups of existing weeds in Brazil. Furthermore, these
families do not only occur in conventional crops, but also
have great importance in other distinct production
systems, such as sunflower, farming in wetlands and
even in areas of lawns (Maciel et al., 2008; Brighenti et
al., 2003; Tuffi Santos et al., 2004).

The species A. conyzoides (L.) and Pennisetum
clandestinum Hochst. ex Chiov. were of great highlight in
the conventional farming system. A. conyzoides (L.) is an
annual herbaceous species that grows across the
country, especially in areas cropped with garlic, onions,
carrots and tomatoes. Yet, P. clandestinum Hochst. ex
Chiov is an annual grass, less clumped and grown
throughout the country for biomass production and
incorporation to the soil.

Partelli et al. (2010) found similar genera in conilon
coffee plantations. Maciel et al. (2010) discussed the
importance of these studies to decide the best method of
control. As observed in the phytosociological data in the

system, A. conyzoides and P. clandestinum stood out
due to their IVI values, which were of 91.53 and 46.95%
respectively (Table 3). Although under a conventional
system, the low use of herbicides allow the emergence of
such species with increasing frequency, since seeds
remained in the soil for more than one cultivation cycle.
These data represented by the sum of relative density,
relative frequency and relative dominance which indicate
major influence within the weed community (Oliveira and
Freitas, 2008) (Table 3).

The results revealed similarity among species, among
which the genus Ageratum should be highlighted by its
significant index (87.80%), followed by the genus
Pennisetum. The species A. conyzoides (L.) and P.
clandestinum (Hochst. ex Chiov.) stood out in this survey,
as shown in Table 4. Adegas et al. (2010) stressed the
importance of knowing the weed species throughout the
crop cycle to enable decision making regarding the best
method of control (Table 4).

The absence of routine application of herbicides in both
crop systems enabled germination of weed seeds at a
higher frequency than the normal. Phytosociological
surveys compare different weed populations within a
particular location at a particular time. Therefore, when
repeatedly performing this study, variations on the level
of importance of one or more populations could be
observed. Such variations are derived from the adopted
agricultural practices and managements. In structural
analysis of a particular crop, the phytosociological
parameters become reliable measures of weed floristic
composition at this niche (Oliveira and Freitas, 2008),
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Table 3. Weed phytosociology — conventional farming.

Species Freq. (%) Den. (%) Abu. (%) FrR. (%) DeR. (%) ADbR. (%) VI (%)
Ageratum conyzoides L. 100 0.12 6.00 20.00 46.87 24.66 91.53
Conyza bonariensis (L.) Cronquist 33.33 0.006 0.33 6.67 2.34 1.35 10.36
Pennisetum clandestinum Hochst. ex Chiov 33.33 0.04 6.00 6.67 15.62 24.66 46.95
Brachiaria plantaginea (Link.) Hitchc. 33.33 0.006 1 6.67 2.34 411 13.12
Mollugo verticillata L. 66.66 0.02 2.00 13.34 7.81 8.22 29.37
Bulbostylis capillaris (L.) C. B. Clarke 33.33 0.006 1.00 6.67 2.34 411 13.12
Cyperus difformis L. 33.33 0.01 2.00 6.67 3.90 8.22 18.79
Chamaesyce hirta (L.) Milisp. 33.33 0.01 2.00 6.67 3.90 8.22 18.79
Chamaesyce prostrata (Aiton) Small 33.33 0.006 1.00 6.67 2.34 411 13.12
ggzgd'a grandifiora (Cham and Schitdl.) 33.33 0.006 1.00 6.67 2.34 4.11 13.12
Solanum americanum Mill 66.66 0.02 2.00 13.34 7.81 8.22 29.37

FrR =relative frequency; DeR= relative density; AbR= relative abundance; Freq.= frequency; Abu= abundance; Den.=density; I.V.I= importance value

index.

Table 4. Similarity index (SI) among the plots of the survey — in
conventional farming.

Species Sl (%)
Ageratum conyzoides L. 87.80
Conyza bonariensis (L.) Cronquist 4.87
Pennisetum clandestinum Hochst. ex Chiov 29.26
Brachiaria plantaginea (Link.) Hitchc. 4.87
Mollugo verticillata L. 19.51
Bulbostylis capillaris (L.) C. B. Clarke 4.87
Cyperus difformis L. 9.75
Chamaesyce hirta (L.) Milisp. 9.75
Chamaesyce prostrata (Aiton) Small 4.87
Richardia grandiflora (Cham & Schitdl.) Steud 4.87
Solanum americanum Mill 19.51

and may assist in choosing a control method for them,
since they have influence on management efficiency
(Maciel et al., 2010).

Conclusions

The phytosociological survey revealed that
Euphorbiaceae and Asteraceae families had the highest
numbers of individuals in organic and conventional
farming systems, respectively. The soil seed bank in the
assessed vegetable growing areas showed a wide range
of plant genera. Regarding similarity index, all species
seems to be well distributed in the dry region of Alagoas;
Brazil, showing good adaptability to the local biological,
climatic and soil conditions. Further surveys are needed
to confirm the adaptation of the weed families to the
cultivation regions, complementing the results found in
this research.
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Climate change effects are threats to the livelihood of Sub-Saharan smallholder farms. Farmers’
response and readiness to take adaptive measures depend on how they perceive (perception) and
moreover understand and recognize the causes (awareness) of climate change. Most studies used
interchangeably perception and awareness to climate change. Taking the example of soil nutrient
management, this study demonstrated the importance of distinguishing awareness from perception in
climate change adaptation studies and for policy design. The study was conducted in South-western
Burkina Faso. Using a semi-structured questionnaire, 360 households were surveyed. Rainfall variation
and onset of the cropping season were used as climate change evidences to assess climate change
perception and awareness. Descriptive statistics and Z-test were run. Results showed that beyond
climate change perception, farmers largely took adaptive measures when they understand and can
explain causes of climate change. Therefore, climate change adaptation studies and policy
interventions should distinguish awareness from perception, and policy design should stress on
raising climate change awareness of smallholder farmers.

Key words: Climate change perception, climate change awareness, sustainable soil nutrient management,
smallholder farms, Burkina Faso.

INTRODUCTION

Climate change negatively impacts farming activities, Olsson et al., 2014; Porter et al., 2014). Studies (Blanc,
aggravates crop production deficiencies, and threatens 2012; Sultan et al., 2013) estimated that yield of main
livelihoods (Jarvis et al., 2010; Lobell and Burke, 2010; staple crops in Sub-Saharan Africa (maize, millet and
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Figure 1. Study zone.

sorghum) will decrease by up to 25.5-27% under climate
change during 21st century. Adapting to climate change
through adoption of supplemental irrigation for instance
(Sanfo et al., 2017) and building farm resilience is
paramount to improving food security and livelihood of
smallholder farms.

To improve and sustain food production, smallholders
farms need to change current agricultural practices
(International Food Policy Research Institute (IFPRI),
2007; Andrieu et al., 2015) mostly inadequate in the
context of climate change. In Burkina Faso, spots of
changes were noted for the use of water harvesting
techniques (Kabore-Sawadogo et al., 2013) as well as for
soil conservation practices (Pouya et al., 2013). However,
adoption of these specific techniques and practices
(Bunclark et al., 2015) and of other sustainable nutrient
management practices (Place et al., 2003; Bationo et al.,
2006; Anley et al., 2007; Chianu et al., 2012, 2012a) is
still limited in Burkina Faso in particular and in Sub-
Saharan Africa in general. Besides financial constraints
(Koutou et al., 2016) and in some extent insufficient
technical know-how, lack of understanding of ongoing
climate variability and its implications contributes to
explaining the poor soil fertility management
performances in Sub-Saharan African smallholder farms
for food crops.

There is need to increase knowledge on farmers’
awareness to climate change for guiding decision making
on smallholder farms adaptation and resilience to climate
change. The extent of climate change impact largely

depends on farmers’ awareness (Fosu-Mensah et al.,
2012). Awareness is a key determinant of adaptation to
climate change (IFPRI, 2007; Ishaya and Abaje, 2008).
For being proactive and taking efficient adaptation
actions, smallholder farms need to understand climate
change, its causes and implications. Climate change
awareness enhances adaptive capacities (Marshall et al.,
2013).

However, most studies (Gbetibouo, 2009; Fosu-
Mensah et al., 2012; Nzeadibe et al., 2012) did not
clearly distinguish climate change perception from
climate change awareness. Moreover, more studies
analyzing climate change awareness in relation to
sustainable nutrient management practices are still
needed.

Therefore, the objective of this study is to analyze
climate change perception and awareness, and the
implication for sustainable soil nutrient management in
smallholder farms. The specific objectives are: (i) to
assess climate change perception and awareness of
smallholder farmers and (ii) to analyze the effect of
climate change awareness on soil nutrient management.

MATERIALS AND METHODS
Study zone
The study was conducted in loba province located in South-western

Burkina Faso (Figure 1). loba province belongs to the South-
Sudanian climatic zone. This climatic zone used to have average
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Figure 2. Monthly rainfall (mm) in loba province for extreme years of the decade 2004-2013.
Source: Calculated from data provided by Direction provinciale de I'agriculture du loba for the rain gauge

stations of Dano, Koper and Ouessa villages.

annual rainfall greater than 1000 mm in the 1960s (Robert, 2010).
However, under climate change, average annual rainfall is
nowadays evaluated to 900-960 mm (MAHRH and GTZ, 2004
Schmengler, 2011; DPA loba, 2013). The province experiences
rainfall variability in time and space (MAHRH and GTZ, 2004).
Based on the data provided by the loba Provincial Directorate of
Agriculture, the years 2012 and 2013 recorded the highest and
lowest rainfall of the last decade 2004-2014, respectively (Figure 2).
The livelihood in the study zone is essentially farm-based.
Agricultural activities rely mainly on rainfed productions. The
endemic crops in the study zone are sorghum, maize, cotton, millet,
rice, groundnuts and beans; whereas the main animal species are
cattle, small ruminant, porcine and poultry.

The main non-farm activities consist of petty trade and traditional
gold mining. As for the rest of the country, education level is low.
The study sites consisted of six villages selected in three sub-
districts on the basis of demographic data, soil erosion information,
soil and land use maps, and normalized difference vegetation index
(NDVI) data of the province.

According to Bureau national des sols (BUNASOL) inventory,
dominants soils types encountered in the loba province are:

i) Leached ferruginous tropical soils: they are dominant soils in
Burkina Faso and represent 85% of the country lands (Pallo and
Thiombiano, 1989).Two groups of this soil type are found in loba
province.

a) leached and hardened ferruginous tropical soils which are
generally shallow and form the main soil type of the province. They
cover nearly 52% of loba lands. Most of cultivated lands fall into this
type;

b) leached ferruginous tropical soils with spots and concretions,
encountered for only 2% of the lands in loba. These soils are poor
in organic matter, macro nutrient (NPK) and have low Cationic
Exchange Capacity (CEC) (Pallo and Thiombiano, 1989);

i) Hydromorphic soils: Also characterized by low organic matter
content and very low phosphorus content, they constitute the third
main soil type in Burkina Faso and cover 13% of its lands (Kissou et
al.,, 2000) and around 37% of the loba province lands;

v) Lithosols: cover 3% of Burkina Faso territory (Kissou et al., 2000)
and represents 5% of lands in loba province;

vi) Brown eutrophic tropical soils: they form 6% of soils in Burkina
and 4% of loba province lands. Brown eutrophic tropical soils are
constrained in NPK (Kissou et al., 2000).

Conceptual framework

Warming, rainfall and its unusual variability in a location are some
of the most patent evidences of climate change for farmers. They
can realize, feel and observe these changes without classic
scientific measurements. We define this as perception of climate
change. In perceiving climate change evidences, farmers can give
trend over a period (e.g. increase and decrease of the amplitude of
climate parameters). Beside the perception, farmers can
understand changes, explain causes and implications for their
activities. This allows them to take more and strong action (Figure
3), build strategies in order to cope, adapt to or mitigate these
changes. We define the fact of understanding the causes of the
changes as well as their implication for livelihood activities as
awareness. Awareness can be raised by education capital, learning
(e.g. from extension services and other developmental
stakeholders), and through information (e.g. exposure to media).
Because of their differences in assets endowment (education,
financial resources, equipment, exposure to outside world) farmers
of different socio ecological settings are expected to have different
levels of climate change awareness. It appeared from literature that
most of previous studies used interchangeably climate change
perception and awareness (Mertz et al., 2008; Gbetibouo, 2009;
Fosu-Mensah et al., 2012; Nzeadibe et al., 2012).

Sampling strategy and data collection

After selecting the six villages, 60 households were randomly
selected per village using a list of households in the village. These
lists were obtained from village leaders and updated before
sampling. We obtained a sample of 360 households. The sample
accounted for 29% of the total households in the six villages. The
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Figure 3. Conceptual framework of the study.

field surveys took place during dry season from January to March
2013. Community entry meetings were held before surveys. We
were assisted during these meetings by local agricultural service
personnel and local leaders. Surveys were performed through face-
to-face interviews. Semi-structured questionnaires were designed
and collected demographic, socio economic and geographical data
as well as information on rainfall pattern. Famers were asked to
give an appreciation of the rainfall pattern for the last five and to
explain the causes of the pattern they observed. Ten years rainfall
data was acquired from the provincial directorate of agriculture of
loba.

Data analysis

The rainfall data was analyzed for trend detection in XLSTAT 2014
using Mann-Kendall trend test. Comparative analysis of the socio
economic data was done in SPSS.20 using Z-test to test the
difference between groups for the actions taken to face rainfall
variability. Two groups of famers were considered: a group
perceiving only rainfall variability but unable to explain, and a group
perceiving rainfall variability and able to explain the reasons of this
variability.

RESULTS
Farmers’ perception of climate variability and change

To facilitate appreciation by farmers, they were
guestioned on a period of 5 years. Results showed that
about 99% of the study sample perceived variability of
rainfall during the last five years (2009-2013). As shown
in Figure 4, almost 60% of farmers responded that the
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Actions taken to face rainfall
variability

No or weak
actions

More
and
strong
actions

rainfall has decreased while for about 4% of farmers it
has increased. A percentage of 36.33% of farmers
however noted a fluctuation of the rainfall (e.g. no trend).

The perceived trends by farmers were compared to the
trend of measured rainfall data using Mann-Kendall trend
test (Table 1). This test revealed no trend in the rainfall
for the considered period, implying fluctuating rainfall as
observed by 36% of farmers. The perception of the
remaining 64% of farmers did not fit the rainfall data
trend. In addition to rainfall variability perception, 72.40%
of farms noted a change in the onset of the cropping
season. They estimated that onset of cropping season
intervened late compared to the past. This calls for a
change in the management of farming activities.

Farmers’ awareness of climate variability and change

Figure 5 shows responses given by farmers on the
guestion regarding causes of the observed rainfall
pattern. As much as 50% of farmers were unable to
explain the causes of the rainfall variation (Don’t know).
A percentage of about 26% of farmers explain rainfall
variation by beliefs. For these farmers, rainfall variation is
due to people’s misbehaviors, abandonment of customs
(e.g. sacrifices to ancestors) or punishment of humans by
God. Only 4.10% referred to causes we interpreted as
climate change and 19.20% cited deforestation as a
cause of rainfall variation. We considered these two
groups (Farmers who responded climate change and
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Table 1. Mann-Kendall trend test.
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Figure 5. The causes of rainfall variation according to farmers.

deforestation) as farmers that have climate change
awareness.

Farmers’ responsiveness to climate change and
variability in terms of soil nutrient management

We analyzed measures undertaken by farmers in

response to rainfall variation. The main identified
measures are presented in Figure 6. Farmers’ responses
in terms of sustainable soil nutrient management
consisted mainly in the use of fertilizer alone (mineral or
organic), the use of soil conservation measures alone
(e.g. stone bunds), and the combination of fertilizer and
soil conservation measures. As expected, a large
proportion of farmers who have no climate change
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Figure 6. Actions taken by farmers in response to rainfall variability. Bars chart with same
letter per action are not significantly different at 5% (p<0.05).

awareness (55.13%) took no action in response to rainfall
variability. A proportion of 34.72% of farmers who have
climate change awareness took no action. These two
percentages were significantly different at 5%.

No significant difference was however found between
the two groups (with and without climate change
awareness) for fertilizer use alone and soil conservation
measures alone. But significant difference at 5% was
found between farmers group with no climate change
awareness and farmers group with climate change
awareness for combined use of fertilizer and erosion
control measures (integrated response).

DISCUSION

Awareness generating stronger responsiveness of
famers to climate variability and change than
perception

The findings of this study demonstrates that farmers
largely perceive ongoing climate variability and change in
the region as previously found by a nationwide study
(Ouédraogo et al., 2010). However the perception by up
to 64% of farmers did not fit the rainfall data trend. This
illustrates the difficulties for farmers to keep an accurate
track of inter-annual rainfall variations. This fact may
negatively effect on their response capacity to climate
variability and change. The issue could be address by
building farmers’ capacities in agro meteorology through
extension services and media. Indeed, a network of
raingages set by agricultural extension office exists in the
study area that could contribute to a better management
of farming activities and efficient response to climate
change. The approach however requires a better
collaboration between famers and extension agents who
can provide farmers with accurate time series rainfall
information and help better address rainfall variability

effects on farm activities.

The findings of this study further highlight that farmers’
capability of understanding and explaining the underlying
causes of rainfall variability is key for taking sound
adaptive measures. Comprehension based on sole
beliefs (lack of awareness) more likely leads to weak or
not strong response in terms of soil nutrient
management, in response to rainfall variability. The
percentage of farmers with climate change awareness
who combined the use of fertilizer and soil conservation
measures was significantly higher than the percentage of
farmers with no climate change awareness who took the
same action. This combination is a stronger response
and can have better effect compared to individual use of
fertilizer or soil conservation measure alone. Farmers are
more likely to take action against rainfall variability when
they have climate change awareness. All farmers with
climate change awareness may not take action as other
factors (e.g. labor, financial resources and education)
may affect sustainable soil nutrient management (Anley
et al., 2007; Kassie et al., 2013; Lambrecht et al., 2014;
Martey et al., 2014). Likewise without awareness, farmers
will still adopt efficient measures based only on their
perception of climate change. Farmers may adopt soil
fertility management measures because of growing land
scarcity and new market opportunities rather than the
perceived climate change (Barbier et al., 2008).

Implications for policy intervention and research

Climate change is a growing issue worldwide in general
and in particular for sub-Saharan African countries which
are agricultural based economies. They will likely be
more vulnerable due to the poverty of the populations,
the rainfed agriculture and its current low performance.
Building adaptive capacities and resilience to climate
change effects in agriculture sector will depend on
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available resources and a sound understanding of
farmers’ behaviour in the face of the phenomenon.
Perception and awareness to climate change are often
used interchangeably. However our study demonstrates
the needs for distinguishing the two as with awareness
farmers are more likely to undertake strong adaptive
measures. Therefore, policy intervention should aim at
building and improving awareness among farmers.
Research should as well distinguish between the two for
providing suitable information and for better guiding
decision making.

Conclusion

This study investigates the role of climate change
awareness in sustainable soil nutrient management by
smallholder farms. Farmers overwhelmingly perceived
climate change. It was shown that perceiving climate
change only is not enough for farmers to take adaptive
measures. It is crucial for them to understand what is
causing this change. On methodological level, the study
showed the need for clearly distinguishing climate
change perception from climate change awareness in
sustainable land management studies. At policy level,
policy intervention should focus on raising farmers’
climate awareness through education and training. The
findings of the present study should guide further
research in the study zone and in similar settings to
support building smallholder farms’ adaptiveness and
resilience to climate change.
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Chrysanthemum production stands out in ornamental plants market and several techniques can
improve the production of this plant. Among them, is the use of beneficial microorganisms such as
plant growth promoting rhizobacteria (PGPR); however, the use of PGPR has not been explored enough
so far in chrysanthemum production, especially in field conditions. With regards to rhizobacteria, the
group, Pseudomonas, can be explored as a good alternative to improve plant development. Hence, the
objective of the present study was to evaluate the effect of PGPR on seedlings and, on the field
experiments, plants development and the impact on rhizosphere soil. The strains of Pseudomonas
putida IAC-RBcr5 and IAC-RBcr2 were able to improve chrysanthemum shoot biomass up to 40%. In
addition, the plants treated with these strains had increased number of flowers, which is a desirable
feature for the flower market. This is the first study to demonstrate the effect of P. putida strains on
chrysanthemum seedlings and cut flowers grown in tropical field conditions.

Key words: Chrysanthemum morifolium L., rhizobacteria, inoculant, soil quality indicators.

INTRODUCTION

The flower market in Brazil is growing, between 10 and
15%, and generates nearly $ 800 million per year (CNA,
2017). The chrysanthemum plants (Chrysanthemum
morifolium L.) have a wide variety of inflorescences
types, with great durability, different formats, and can be
commercialized in vessels or as cut flower (Lopes et al.,
2004). Research to generate knowledge and
technologies to improve chrysanthemum cultivation are
conducted including the management of organic and
mineral fertilization (Ji et al., 2017), alternative substrates
as pathogen suppressive (Pinto et al., 2013), and the
improvement of irrigation contributing to the development
of plants (Kirnak 2016). Furthermore, application of

beneficial microorganisms may generate positive impact
on chrysanthemum production.

Among the beneficial microorganisms, there is a group
of bacteria living in the soil under the roots that increases
the growth of plants, called plant growth promoting
rhizobacteria (PGPR) (Kloepper and Schroth, 1978).
Represented by a wide variety of rhizosphere bacteria,
the use of those microorganisms is a viable alternative
and meets the new expectations of the consumer market,
by adding quality to the products and decreasing the use
of pesticides (Gosal et al, 2017). Plant growth
improvement can be triggered by PGPR through different
mechanisms or by a combination of different factors,
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such as auxin indole-3-acetic acid (IAA) production,
hydrogen cyanide production (HCN), phosphate
solubilization and biological nitrogen fixation (Kielak et al.,
2016; D’Agostino et al. 2017). A specific group of
rhizobacteria widely studied is the Pseudomonas group
that can promote the growth of several plants and
decrease the damage caused by pathogens (Khabbaz et
al., 2015; Rodriguez-Blanco et al., 2015). However, little
is known about the effect of those growth promoters on
ornamental plants, such as chrysanthemum, especially in
field conditions.

There are several microorganisms recommended as
inoculants  with  plant growth improvement and
antagonistic properties (Meena et al., 2017). Regarding
chrysanthemum culture, few studies indicate potential
use of rhizobacteria as inoculant. For example,
chrysanthemum treated with Pseudomonas fluorescens
resulted in higher plant weight and number of flowers
(Gore and Altin, 2006). Recently, researches showed the
same effect in chrysanthemum plants treated with
Pseudomonas spp. or Bacillus spp. or a mixture of both
microorganisms that resulted in maximum of fresh and
dry weight and flower yield (Kumari et al., 2016; Hanudin
et al, 2017). The rhizobacteria-chrysanthemum
interaction can have effect on the plant growth and also
in the biological control of some pathogens. A mixture of
rhizobacteria such as Pseudomonas, Bacillus,
Azotobacter, inoculated on chrysanthemum reduce the
white rust incidence (Hanudin et al., 2017) and the
combined inoculation of fungi Glomus mosseae and the
rhizobacteria Pseudomonas putida can mitigate
phytoplasma damage (D’Amelio et al., 2011). Although,
these researches present promissory use of rhizobacteria
Pseudomonas as inoculant, there are no studies on the
effect of Pseudomonas strains on chrysanthemum
seedlings and on plants cultivated in the field conditions,
as well as soil quality indicators such as microbial
biomass and basal respiration, especially in tropical solil
in Brazil. Based on this, this study aimed to evaluate the
effect of P. putida strains on chrysanthemum growth in
the field conditions and on soil biological properties. The
hypothesis was that P. putida strains would have positive
impact on the soil quality indicators, improving the plant
biomass and increasing the number of chrysanthemum
flowers.

MATERIALS AND METHODS
Traits of P. putida strains and inocula preparation

The nine strains tested (belonging to Agronomic Institute of
Campinas IAC, Brazil, culture collection) were isolated from healthy
lettuce, chrysanthemum, rucola and maize rhizosphere. All P.
putida strains were producers of growth promoting metabolites and
have already been reported as plant growth promoting rhizobacteria
in lettuce, in previous study by Cipriano et al. (2016). The
characteristics of the strains are shown in Table 1.

Bacterial strains were grown on King’'s B (KB) (King et al., 1954)
liquid medium and incubated at 28°C for 24 h. At the end of the
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interval, the suspensions were centrifuged (13.000 xg for 10 min),
suspended in MgS0,.7H,0 (0.01 mol.L™") and final concentration
adjusted to 10® CFU mL™.

Greenhouse and field experiments
Location and experimental design

The experiments were conducted in two parts. Part 1: experiments
(seedling production) was conducted in the MudaFlor company
specialized in chrysanthemum seedlings production (company A),
located in Arthur Nogueira (22°34' S, 47°10'W), state of Sao Paulo
Brazil. Part 2: the experimental field was conducted at Sitio Picollini
company specialized in the production and marketing of
chrysanthemum cut flowers, located in Cordeir6polis (22°28' S,
47°27' W). The experiments were developed in different locations
because the company Mudaflor (Location 1) works just with the
seedlings production and the company Sitio Picollini (Location 2) is
specialized in the cut flowers. This is the typical way
chrysanthemum companies work in Brazil.

The nine strains tested in this work were evaluated in three
different experiments. In Experiment 1 (September to December,
2012), three strains were tested with and without root hormone
(indolic-3-butyric acid — IBA), in a completely randomized design in
the factorial scheme 2 x 3 (with or without IBA x three strains - IAC-
RBal3, IAC-RBcr2 and IAC-RBcr5). In Experiment 2 (October 2012
to January 2013), four strains were evaluated in the factorial
scheme 2 x 4 (with or without IBA x four strains - IAC-RBcr1, IAC-
RBal2, IAC-RBall and IAC-RBcr3). In Experiment 3 (February to
May 2013), three treatments were evaluated in the factorial scheme
2 x 3 (with or without IBA x two strains - IAC-RBmil, IAC-RBcr4 and
the third treatment composed by the mixture of the others two
strains, named Mix).

Part 1

The seedlings were prepared with plants cutting (5 cm of lenth),
obtained from pattern plants (Zembla variety). After plants were
treated with IBA (IBA talc — 2000 mg.mL™) they were placed in trays
(63 cells seedlings trays) with substrate (mixture of rice straw and
pine bark, disinfected in a boiler machine). Rhizobacterial
suspension (4 mL/each plant) was used to inoculate seedlings lap
and seedlings of control were drenched with 0.01 mol L*
MgS04.7H,0 instead of bacterial suspension. The same procedure
was also applied to treatments without IAB. After three days,
Chlorothalonil and Triazole fungicides were applied, according to
the manufacturer’s recommendations. The seedlings remained for
14 days in a greenhouse under artificial illumination (artificial
illumination for 15 min every 3 h at night). After that, half of the
plants were harvested and the remaining ones were treated once
again with the strains and transferred to the field of S&o Pedro
company for part 2 of the experiments.

Part 2

The soil of the field was previously fertilized before transplanting the
seedlings, wherein the organic fertilizer BioBokashi was
incorporated into the soil, according to the manufacturer's
instructions. This organic fertilizer (composed of bone meal, fish
and rock carbonized cereals, and molasses) is routinely used for
chrysanthemum production in Brazil. After the seedlings
transplantation to the field, the fertilization with organic fertilizer was
performed 15, 30 and 45 days later, by aspersing Sulfammo 11°
(18-0-18), at the same intervals as already described. Plants were
also treated with fungicides Cercobim 700WP (thiophanate-methyl),
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Table 1. Pseudomonas putida strains able (+) or not able (-) to produce indole-3-acetic acid (IAA), hydrogen
cyanide (HCN) and phosphate solubilization (PS), and 16S RNA accession numbers deposited in GenBank,

according to Cipriano et al. (2016).

. . PGP traits .
Strain Host plant origin Accession number
IAA HCN PS
IAC-RBall1 Lettuce + + + KJ590502
IAC-RBal2 Lettuce - - - KJ590503
IAC-RBal3 Lettuce - + - KJ590504
IAC-RBcrl Chrysanthemum - - - KJ590496
IAC-RBcr2 Chrysanthemum - - - KJ590497
IAC-RBcr3 Chrysanthemum - - - KJ590498
IAC-RBcr4 Chrysanthemum + + + KJ590499
IAC-RBcr5 Chrysanthemum + - + KJ590500
IAC-RBmil  Maize + + + KJ590507

NT Dithane (mancozeb), acaricide/fungicide Score (difenoconazole)
and biological fungicide Trichoderma harzianum Ecotrich®, following
the manufacturers' recommendations. The plants remained in the
field for 75 days, and at the end of this period, they were harvested
and samples of soil were collected. The plant parameters evaluated
were shoot and roots dry masses, and number of flowers. Soil
quality indicators analyses were also evaluated: microbial biomass
carbon (MBC) was determined by the fumigation-extraction (Vance
et al. 1987), and basal respiration (BR), determined by
quantification of CO, released during soil incubation according to
Alef (1995) methodology. The metabolic quotient (qCO;) was
obtained by the ratio of BR and MBC. Throughout all the
experiments, each treatment consisted of five replicates completely
randomized, each replicate contained five plants. The data were
submitted to analysis of variance by the Scott-Knott test at 5%
probability using the statistical software Sisvar (Ferreira, 2008). It is
worth noting that, except the inoculation of rhizobacteria, all
management adopted in the experiments was the same as
chrysanthemum farmers’ in Brazil.

RESULTS

Greenhouse and field experiments- plant growth
promotion

In Experiment 1, the strains inoculated had valuable
effect on growth promotion on seedlings and cut plants
(Table 2). The strains IAC-RBcr 2 and IAC-RBcr5
improved the shoot dry mass (16 and 18%, respectively)
of the seedlings without IBA; regarding the roots, the
strains IAC-RBal3 and again the strain IAC-RBcr5
improved the growth independent of the treatment with
hormone (up to 23 and 30% respectively). According to
the cut plants data, the plants with IBA treated with the
rhizobacteria IAC-RBcr2 and IAC-RBcr5 vyielded the
highest values for shoot dry mass (40 and 29%,
respectively). The strain IAC-RBcr2 also improved the
root dry mass of roots without IBA (38%).

In Experiment 2, the strains had no effect on the shoot
dry mass of the seedlings. Regarding the roots, with IBA,
the plants treated with IAC-RBall, IAC-RBal2 and IAC-

RBcr3 obtained lower dry matter of roots. With regards to
the shoots of the cut plants, the strains IAC-RBal2, IAC-
RBall and IAC-RBcr3 without IBA and IAC-RBcrl and
IAC-RBal2 with IBA showed lower dry mass. The strains
IAC-RBall improved the root growth of the plants without
IBA (48%) and IAC-RBcrl improved the root growth of
the plants without and with IBA (38 and 31%).

In Experiment 3, the shoots of the seedlings treated
with IAC-RBcr4 and Mix (composed by strains IAC-RBcr4
and IAC-RBmil) without IBA and IAC-RBmil with IBA
resulted in lower dry mass. Moreover, cut plants with IBA
and treated with the strains IAC-RBmil and IAC-RBcr4
obtained the highest values for shoot dry biomass (20
and 28%).

Soil microbial activity- rhizospheric soil

The results of rhizosphere soil showed that inoculation of
the strains interfered in the soil microbial activity (Table
3). In experiment 1, according the MBC values, there was
a significant difference between control treatments with
and without IBA, and MBC values of the treatments
without IBA were higher than those with IBA. The BR
values indicated that the treatment without hormone IAC-
RBcr5 and with hormone, IAC-RBal3 and IAC-RBcr2,
were lower than the control. The results obtained by the
MBC and BR analysis generated the qCO, data revealing
no changes in this variable due the strains inoculation, in
comparison with the control treatment.

In Experiment 2, there were significant differences in the
MBC values due the inoculation of the strain IAC-RBal2
resulting in lower values in treatments with and without
IBA. The BR values were higher in the treatments without
IBA in plants treated with the strains IAC-RBal2, IAC-
RBall and IAC-RBcr3. The BR values were higher in the
treatments with IBA, in plants treated with strains IAC-
RBcrl, IAC-RBall and IAC-RBcr3. According to the qCO,
results, only the control treatment without IBA had lower
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Table 2. Pseudomonas putida strains and their effect on chrysanthemum plants (seedlings and cutting plants). Data shows
shoot and root dry mass (g/plant). The data with bold letters represent the best result obtained.

Treatments - Shoot - - Root -
Without IBA With IBA Without IBA  With IBA
Control 1.08%2 1.10" 0.11% 0.13%
seedlings IAC-RBal3 1.1622 1.242a 0.13*° 0.16"
IAC-RBCr2 1.26 1.08" 0.10%° 0.15%
Experiment 1 IAC-RBcr5 1.28A: 1.15" 0.14"2 0.17"
Control 10.03" 7.36% 0.63% 0.82"
, IAC-RBal3 11.40% 7.86%° 0.70%° 0.89"
Cutting plants IAC-RBCr2 9.16™ 10.33% 0.87% 0.74%
IAC-RBcr5 11.03"2 9.56"° 0.68% 0.78™
Control 1.77" 1.75" 0.19"° 0.36™
IAC-RBall 1.72% 1.72% 0.21" 0.27%
Seedlings IAC-RBal2 1.62" 1.55" 0.19"° 0.28%
IAC-RBcrl 1.77% 1.65™ 0.18" 0.31"
. IAC-RBcr3 1.70" 1.66™ 0.18" 0.23%
Experiment 2 Control 15.34"2 15.41"2 0.68% 0.88%
IAC-RBall 12.30%° 17.20" 1.01% 0.92%
Cutting plants IAC-RBal2 12.40% 13.36% 0.78%2 0.71%®
IAC-RBcrl 15.10% 13.24%° 0.94"° 1.16"
IAC-RBcr3 10.16%° 15.43" 0.67% 0.86%
Control 1.59% 1.66™ 0.15" 0.19"
Seediings IAC-RBmIl 1.63’:‘ 1.35%° 0.16™ 0.17%
IAC-RBcrd 1.37% 1.47% 0.14" 0.18"
_ Mix 1.43% 1.52% 0.14" 0.19.%2
Experiment 3 Control 12.12" 11.31% 0.93% 0.80%
Cutting plants IAC-RBmIl 11.562: 13.5822 0.812a 0.97%®
IAC-RBcr4 12.34 14.49 0.96™ 0.96"
Mix 12.11"2 12.00%2 0.89"2 0.94°2

*Mean values followed by the same small or large letters within a line or column represent values that are not significantly different

according to Scott-Knott test (P<0.05).

value.

In Experiment 3, the two strains tested, IAC-RBmil and
IAC-RBcr4, and Mix improved the CBM in the treatment
with IBA. The BR was higher in the rhizosphere treated
with strains IAC-RBmil independent of the hormone
treatment. The strains had no impact on the qCO, data.

Flower evaluation- cut plants

In Experiment 1 (Figure 1a), the plants without IBA
treated with strains IAC-RBcr2 and IAC-RBcr5 obtained
more flowers than the other treatments, including the
control treatment. The plants with IBA and treated with
the strains IAC-RB al3 and IAC-RBcr5 also had more
flowers than the other treatments.

The plants without IBA, in Experiment 2, treated with
IAC-RBal2 and IAC-RBcr3 produced more flower than
the other treatments (Figure 1b). In plants with IBA, the

plants treated with IAC-RBall and IAC-RBcr3 produced
more flowers. In Experiment 3, the rhizobacteria
inoculation did not improve the flowers numbers (Figure
1c).

DISCUSSION
Effect of rhizobacterial strains on plant biomass

The strains evaluated in the present study had already
been tested in a previous work on lettuce seedlings and
field conditions (Cipriano et al., 2016) and plant growth
promoting characteristics are listed in Table 1. The
principal results of the present research are summarized
in Table 4, indicating the promising use of Pseudomonas
trains in chrysanthemum production in seedlings and
cutting plants phases. Interestingly, the Mix treatment
(Experiment 3) was the only one that had no effect on the
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Table 3. Microbial biomass carbon (MBC), basal respiration (BR) and metabolic quotient (qCO_) from soils of chrysanthemum plants treated
with P. putida strains. The data with bold letters represent the best result obtained.

T MBC” BR qCO;

reatments - - N . . )
Without IBA With IBA Without IBA With IBA Without IBA With IBA
Control 420" 256" 19472 207" 0.48% 0.84%
. IAC-RBal3 292”2 22472 207 140%° 0.71% 0.66™
Experiment1 \ \c RBer2 314" 226" 169" 1228 0.54% 0.55
IAC-RBcr5 299" 222" 94°° 200" 0.31% 0.89"
Control 553" 489" 13052 133% 0.24%2 0.27%®
IAC-RBcrl 399”2 492”2 135%° 17972 0.34" 0.36™
Experiment2  IAC-RBal2 35952 385°2 152”2 120%° 0.42% 0.31%°
IAC-RBall 442*° 618" 143" 155" 0.32%@ 0.25"
IAC-RBcr3 480" 5232 1582 1662 0.33% 0.32%
Control 35372 35582 116%° 135 0.33% 0.38™
Exverimenta  'ACRBMI 444" 538" 154" 1717 0.35% 0.32%@
P IAC-RBcr4 485" 480" 130% 14752 0.27% 0.31%
Mix 436" 5312 14452 12852 0.33%@ 0.24"2

*Values for MBC expressed in ug.g™; BR expressed in ug.g™*day™ and C-CO, and qCO, expressed in ug CO, yg CBM™day™. *Mean values followed
by the same small or large letters within a line or column represent values that are not significantly different according to Scott-Knott test (P<0.05).

plant growth and flower number. The rhizobacteria strains
used in this mixture had already been tested in
combination with others Pseudomonas strains on lettuce
seedlings and adult plants revealing the strain IAC-RBcr4
as a promising inoculant for that culture when applied
alone, but not when applied in combination with other
strains (Cipriano et al., 2016). The data of the present
study is in agreement with that of Cipriano et al. (2016)
indicating that our strain (IAC-RBcr4 P. putida) can
improve plant growth when applied alone, but not in
combination with others Pseudomonas strains. Several
studies have reported that the mixture of different
rhizobacteria strains, from different genera, can improve
the plant growth, but rhizobacteria from the same genera,
do not have the same benefit. For example, the mixture
of Pseudomonas fluorescens, Azotobacter chroococcum,
Bacillus subtilis, Trichoderma sp. and Paecilomyces sp.
promoted chrysanthemum plant growth (Hanidum et al.,
2017). The mixture of Pseudomonas strains is not
commonly evaluated on chrysanthemum growth.
Otherwise, pseudomonad combinations increase the
yield of wheat plants (Pierson and Weller, 1994). The
strains, IAC-RBcrl and IAC-RBmil evaluated in the
present study were tested previously in combination with
other strains and improved the shoot growth of lettuce
cultivated in field conditions (Cipriano et al., 2016). Based
on these observation, it is concluded that certain
combinations of strains can benefit the plant growth or
not, as observed by Pierson and Weller (1994). As
known, this is the first study on the effect of the
interaction of P. putida strains mixture with
chrysanthemum on seedlings and under field cultivation

(cut plants). The strains IAC-RBalland IAC-RBcrl (Table
2, Experiment 2) were capable of improving the root
development of plants cultivated on field untreated with
IAB, and the strains IAC-RBcrl also improved the root
growth of plants treated with IBA. It can be hypothesized
that benefit triggered by IAC-RBall (Table 1) can be
related to the strain characteristics; this strain is IAA
producer and able to solubilize P, which can improve the
root growth and provide soluble phosphate to the plant
(Ibafiez et al., 2014; Oteino et al., 2015). The strain I1AC-
RBcrl also improved the root growth, even though this
strain do not produce any of the compounds related to
plant growth promotion investigated (Table 1). The
strains inoculation resulted in higher values of microbial
biomass carbon (MBC), basal respiration (BR) in some
treatments (Table 3). Based on this, it can be assumed
that the strains may have improved the abundance and
activity of microorganisms according to the MBC and RB
data, respectively. These results can be related specially
to the strains IAC-RBcrl and IAC-RBall inoculated,
which consequently increased the MBC and BR resulting
in root growth improvement. Here, it is hypothesized that
these strains were able to improve the quality indicator,
such as MBC and RB, and improve the beneficial
microorganisms resulting in root plant growth. Otherwise,
this result did not alter the metabolic quotient (qCO,). The
current findings are in agreement with other studies
which observed no impact on microbial community
activity according to the same analyses (FlieBbach et al.,
2009; Cipriano et al., 2016). Moreover, in some cases,
the inoculation of rhizobacteria does not result in greater
plant growth; however, it may increase the MBC,
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Table 4. Pseudomonas putida strains and their effect on chrysanthemum plants at different growth
stages (seedlings and adult plants). Dry mass increase (+) or no dry mass increase (-) and higher
number of flowers (+) or not (-).
. . Seedling Cutting plants
Experiment Strain
Shoot Root Shoot Root Flowers
IAC-RBal3 - + - - +
IAC-RBcr2 + - + + +
IAC-RBcr5 + + + - +
IAC-RBcrl - - - + -
" IAC-RBal2 - - - - +
IAC-RBall - - - + +
IAC-RBcr3 - - - - +
IAC-RBmil - - + - -
1} IAC-RBcr4 - - + - -
Mix - - - - -
nutrients in the plant and reduce the effects of Flowers improvement due to Pseudomonas
disturbances in plants under adverse conditions (Lau and inoculation

Lennon, 2012). The inoculation of beneficial
microorganisms may increase the CBM values of soil
under roots influence and benefit the host plant,
improving the soil quality, root improvement and
phosphorus availability (Prasanna et al., 2013).

The most promising result regarding plant growth
promotion was obtained with the strains evaluated in the
first experiment (Table 2), and all them had a good
impact on plants cultivated with seedlings and/or cutting
plants on field. At seedlings phase, the strain IAC-
RBcral3 improved the root growth, independent of the
hormone treatment, and IACRB-cr2 improved the shoot
growth of plants without IBA. The plants gained more
biomass when treated with IAC-RBcr5 strain, resulting in
improvement of total plant growth (shoot and root),
without IBA and also the root of plants with IBA. At cutting
plants phase, the strains IAC-RBcr2 and IAC-RBcr5
again affected plant growth, especially, the shoot. The
highest shoot growth suggests plants with better visual
architecture for marketing (Neto et al., 2015), a major
factor in the flower market. According to the microbial soil
quality indicators, the lower BR in soil that received the
strains indicated lower microbial activity in those
treatments.

The effect of rhizobacteria inoculation on plant growth
and soil quality can vary according the soil microbiota
and plant development. The plants were harvested and
the soil samples were collected 75 days after strains
inoculation. So, in this period (75 days), probably the
endogenous microbiota was restored in the soil and did
not let the strains interferer anymore with plant
development. The findings are in agreement with some
studies which also observed this behavior pattern for
rhizobacteria strains inoculated in field conditions
(Schreiter et al., 2014; Cipriano et al., 2016).

Six different strains (IAC-RBal3, IAC-RBcr2, IAC-RBcr5,
IAC-RBal2, IAC-RBall and IAC- RBcr3) improved the
chrysanthemum number flowers per plant (Table 4).
Previous study also showed an increase of
chrysanthemum flower, due the Pseudomonas strains
inoculation (Kumari et al., 2016). The findings are in the
same line with that of Kumari et al. (2016), although
these authors did not characterize their strains regarding
plant growth promoting traits. In the present study, the
strains IAC-RBcr5 and IAC-RBall, which improved the
flowers number, are known as IAA producers (Table 1).
IAA is one of the most auxin produced and released by
rhizobacteria which can interfere with plants growth
process and regulate root growth and flower development
(Patel and Saraf, 2017). There is scarce information on
the effect of Pseudomonas strains on chrysanthemum
flower development, but other study revealed that the
inoculation of Pseudomonas strains with arbuscular
mycorrhizal fungi (AMF) induced the earlier flower
production, probably due the hormone production and
photosynthate which have an indirect influence on
flowering time (Bona et al., 2015). The current data
suggest that these rhizobacteria can improve the
numbers of flowers of chrysanthemum cutting plants, at
least in tropical soils, according the management done by
chrysanthemum producers.

Conclusion

In the present work, knowledge on chrysanthemum-
Pseudomonas interaction regarding seedling and cut
plants cultivated in field conditions were broadened.
Moreover, the findings led to accepting the initial



hypothesis that Pseudomonas strains are able to improve
the chrysanthemum plant growth and increase the
number of flowers, without negative impact on soil
quality.

The experiments were conducted with the same
management used by local chrysanthemum producers, in
order to approach as much as possible, the use of
rhizobacteria inoculants for their production. Improvement
of seedling production is necessary because of the
importance of this stage for producers working with
seedlings production, such as the producers of
chrysanthemum seedlings in Brazil. It is known that
poorly formed seedlings will give rise to plants with
production below their genetic potential (Bezerra Neto et
al.,, 2005). In addition, a plant obtained in the seedling
phase must have high vigor, showy leaves, with sufficient
amounts of roots to adapt to field conditions.

The strains, IAC-RBcr5 and IAC-RBcr2 evaluated in the
present work improved the chrysanthemum production up
to 40% (shoot dry mass) under field conditions and
improved the number of flowers per plant. Here, it is
reported for the first time, important findings regarding
chrysanthemum market by using Pseudomonas on
seedlings phase and field conditions in tropical soils, to
increase the plant growth and number of flowers.
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