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The aim of the study was to investigate the main limiting factors that prevent emerging farmers from 
progressing from subsistence to commercial agricultural farming in the Eastern Cape Province. The 
study was conducted in the King William’s Town area by means of a structured questionnaire survey. A 
sample of 50 households was drawn from the research area which was chosen owing to its uniqueness 
with regard to agricultural potential. A descriptive analysis technique was employed to investigate the 
main limiting factors faced by farming households in migrating towards commercial agricultural 
markets. The findings demonstrated that the specific limiting factors emerging farmers face are poor 
physical infrastructure such as poor roads, lack of transportation to the markets from the farms, lack of 
marketing skills and information, poor market infrastructure, and high transaction costs, insufficient 
land availability to expand production, lack of agricultural implements to better production, poor 
production and farm management skills, as well as low education levels which results in an inability to 
interpret market information to be used in production planning and marketing. The results from the 
study highlighted that the government has a crucial role to play in increasing market participation of 
emerging farmers through encouraging group marketing, upgrading of roads to enable smooth 
accessibility of farmers to output markets and the establishment of local point sales in farming rural 
areas. Finally the study recommended that government provides planned workshops to all farmers in 
order to equip them with marketing knowledge. 
 
Key words: Emerging farmer, constraints, Eastern Cape Province. 

 
 
INTRODUCTION 
 
A number of studies have been conducted on the topic of 
commercialisation of emerging farmers with the aim of 
broadening the knowledge on the challenges that limit 
such migration from subsistence to commercial farming. 
Despite the valuable knowledge generated by these 
studies, there is still a remarkable scarcity of scientific 
information describing a  more  detailed  picture  of  major 

challenges that affect emerging farmers. The South 
African government has in the past 18 years 
implemented several policies and programmes as well as 
increased the budget spent on the agricultural sector 
supporting emerging farmers (Department of Agriculture 
Forestry and Fisheries, 2010; Frequin et al., 2012; 
National Treasury, 2003, 2006, 2008, 2009,  2010;  Aliber
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and Hall, 2012). However to-date there is inadequate 
evidence that these attempts had been successful 
(Frequin et al., 2012; National Treasury, 2003, 2006, 
2008, 2009, 2010; Aliber and Hall, 2012). Indeed 
programmes and other attempts by government and 
development agencies have exacerbated rather than 
alleviated the difficulties emerging farmers face (Frequin 
et al., 2012). To-date emerging farmers still living below 
the poverty line are faced with difficulties in migrating into 
the commercial agricultural sector (Frequin et al., 2012; 
Aliber and Hall, 2012). The failure of several attempts by 
government to integrate emerging farmers into the 
commercial agricultural economy has increased the need 
for a well-grounded scientific knowledge and a thorough 
understanding of these challenges that emerging farmers’ 
face.  

A better understanding of specific factors that limit the 
development of emerging farmers is crucial in order to 
effectively prepare policies, development strategies, 
programmes and models aimed at supporting and 
enhancing the transition of emerging farmers into 
commercial agricultural farming. South Africa can no 
longer afford to run the risk of development programmes 
and policy intervention aimed at emerging farmers that do 
not work seemingly not because they are not working but 
because the challenges emerging farmers face were not 
correctly identified. Given the prominence of the topic the 
main objective of this article is to provide a scientific 
understanding of the challenges, issues and barriers 
emerging farmers face at transitioning into commercial 
farming as well as provide the relationship limiting factors 
have with the commercialisation of emerging farmers. 
Commercialisation of emerging farmers is a crucial topic 
for the current times in South Africa. The present study is 
primarily focused on the factors that limit the transition of 
emerging farmers in the King William’s Town area from 
successfully participating in commercially viable markets. 
In the study it is assumed that commercialisation of 
subsistence agriculture implies increased participation in 
remunerative agricultural commercial output markets. 

 
 

Issues and challenges for emerging farmers in South 
Africa 
 
The South African agricultural economy has little room for 
emerging farmers. There is no strong support system 
available to support previously disadvantaged farmers 
(Chikazunga and Paradza, 2012), causing such farmers 
to be unable to take advantage of the various 
opportunities that the South African government has 
been instituting (Moloi, 2008; Anyike, 2011). According to 
a study by Chikazunga et al. (2012), South African 
agricultural economy grew rapidly under the previous 
South African government owing to strong state subsidies 
and support programmes aimed at supporting 
commercial  farmers.  Similar  support  programmes   and 
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state subsidies were seen as encouraging the agricultural 
economy of the United States of America and Europe 
(Chikazunga et al., 2012). Currently South African 
agriculture depends heavily on world markets for 
marketing agricultural products (Chikazunga and 
Paradza, 2012). The removal of marketing boards’ state 
subsidies along with the de-regulation of the agricultural 
sector subsequent to the democratic transition in 1994 
caused serious problems for commercial farmers in 
particular to previously disadvantaged farmers. By 1997 
interest rate subsidies and export subsidies had ended 
completely and by late 1998 all marketing control boards 
were privatised with only the sugar industry continuing to 
have price support from the government (Chikazunga 
and Paradza, 2012).  

Many emerging farmers face difficulties in accessing 
formal agricultural markets. As a result formal markets do 
not interest emerging farmers. Lack of market 
participation is a common feature of emerging farmers 
world-wide and is identified by Bie’nabe and Vermuelen 
(2011) as a constraint to emergent farmer development. 
In South African under-developed rural areas emerging 
farmers find it difficult to participate in commercial 
markets because of a range of constraints (Makura, 
2001; Wynne, 2003). Attempts by farmers to market their 
commodity are mostly affected by poor infrastructure, 
inadequate property rights (Lyne, 2006), low education 
levels amongst the farmers, lack of credit access, 
absence of innovative production implements needed in-
order to increase yield of commodity produced and poor 
entrepreneurial skills needed to make the efforts of the 
farmers a success (Bie’nabe and Vermuelen, 2011). 
Research conducted by the National Emergent Red Meat 
Producer’s Organisation (2006) identified a number of 
skills shortages among emerging farmers such as a 
major constraint of growth. NERPO (2006) suggested 
that the new South African government must improve its 
efforts in attracting young people into the agricultural 
industry. Poor financial and social capital and limited 
access to legal resources make it difficult for emerging 
farmers to change negative market factors individually. 
As a result emerging farmers continue to be trapped in a 
cycle of operating within the given market from which 
their agricultural activities do not receive rewards 
(Makhura, 2003). 

 
  

METHODOLOGY  
 
It has been noted in the literature that some researchers use the 
term methods and methodology interchangeable (Hussey and 
Hussey, 1997:35). Many researchers consider methodology as an 
overall study approach that is undertaken and methods as various 
means by which data is collected and analysed. According to 
Mason (2002:30) the concept of methodology is separated from 
method. A method is part of the methodological strategy (Mason, 
2003:30). Saunders et al. (2009:3) and Collins and Hussey 
(2009:11) explain methodology as the theory of how a research 
study should be undertaken and that it entails the study design  and  
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the methods that are used for data collection and analysis. 

The approach taken in this study is to include all aspects of the 
research process under the heading of methodology. Therefore the 
research design, the approach taken in this study, the type of data 
collection methods selected and the means of data analysis are all 
considered to be part of the study’s methodology. 

To ensure that the survey will get to the heart of the research 
problem and enable the researcher to answer the research 
questions a pilot study was conducted in Port Elizabeth, Rocklands 
and Uitenhange. The pilot study was also conducted to pre-test the 
questionnaires used for the present study data collection. The main 
survey to obtain the primary data for this study was conducted in 
King William’s Town an area situated in the central region of the 
Eastern Cape Province. Agriculture in this area is the most used 
enterprise for household survival followed by operating shebbeens 
and taverns and the State grant. Most inhabitants in the identified 
area relied on farming for household survival. Data was collected 
using structured questionnaires. A survey of households provided 
much needed information on the demographics of the group of 
farmers such as their socio-economic characteristics. The survey 
involved 50 households selected in the research area.  

In selecting a suitable representative sample the researcher 
followed a two-stage sampling process, in which the first stage 
involved selecting the survey area. This was followed by selecting 
the total number of emerging farmers engaged in agriculture in the 
area. It was found that the total number of agricultural households 
in the area is 43624 (Statistics South Africa, 2011). This consisted 
of mainly commercial farmers (Statistics South Africa, 2011). 
According to Statistics South Africa (2009), the country lacks 
information on smallholder and subsistence agriculture. The current 
list of farmers being used to conduct surveys is mainly confined to 
commercial agriculture. Until now agricultural censuses and surveys 
have largely concentrated on commercial agriculture and ignored 
small-scale and subsistence agriculture (Statistics South Africa, 
2009, 2011). Thus a total number of subsistence farmers in the 
survey area could not be realized from Statistics South Africa or the 
Department of Agriculture. 

The researcher established that emerging farmers in the area 
had formed associations as farmers. A list of emerging farmers’ 
associations and the members of the associations was obtained 
from a non-government organization (NGO) aimed at assisting 
emerging farmers in the area. The researcher approached the 
chairman of the NGO and explained the objectives and the purpose 
of the study. No objections were made by the chairman. The 
researcher attempted to interview all the farmers on the list, but 
many farmers declined to participate in the study for a variety 
reason; some farmers were farming for household consumption  
where only surplus was marketed; some farmers were involved in 
other businesses, thus farming part-time; and some farmers were 
inactive owing to various constraints. These farmers could not 
participate in the study. The target group of the study was on 
emerging farmers that depend on the farm sources for household 
survival, farming full-time and producing mainly for the market. The 
researcher applied criteria of availability, willingness to cooperate 
and a sampling size of 50 was realised amongst those farmers 
available and willing to participate.  

In general researchers prefer probabilistic or random sampling 
methods over non-probabilistic ones. They consider the former to 
be more accurate and rigorous. However, in applied social research 
there are circumstances where it is not feasible, practical or 
theoretically sensible to apply a random sampling method (Trochim, 
2006a:361). A non-probabilistic method was used in the present 
study. According to Trochim (2006b:10) purposive sampling is one 
of the methods of non-probability sampling. It is approached with a 
specific plan in mind and targets a specific sample. The sampling 
procedure is further subcategorised as snowballing. In snowball 
sampling the researcher identifies the participants that meet the 
criteria  for  inclusion,  and  the   participants   are   then   asked   to 

 
 
 
 
recommend others who they may know, who also meet the criteria 
for inclusion in the study. Although this method would hardly lead to 
representative samples, there are times when it may be the best 
method available (Trochim, 2006:10). In the case of the present 
study, farmers had formed associations as mentioned earlier, which 
made it easy for participants to recommend others as they knew 
each other well. 

A questionnaire was used to collect data. According to Truckman 
(2000) and Van Niekerk (2002:35), questionnaire survey methods 
make it possible to measure what a person knows and the type of 
information he/she has, the values and beliefs of the person and 
the attitudes towards what the questionnaire is about. When 
conducting a questionnaire survey it is better to use an 
administered questionnaire for better results (Van Niekerk, 
2002:36). The questionnaire survey can be used in three different 
ways namely: personal interviews, telephonic interviews and mail 
interviews (Randela, 2005:9). The present study made use of 
personal interviews because they enable the interviewer to observe 
behaviour that the questionnaire is not designed to detect. The 
questionnaire was relevant to the objectives of the study and the 
respondents involved in the study.  
The questionnaire consisted of section A and section B. Section A 
contained questions on demographic characteristics and 
socioeconomic factors. While section B contained questions 
covering farming skills of the respondents and production and 
marketing challenges the respondents face. The questions in the 
questionnaire were designed in English but during the interviews 
they were translated in isiXhosa by the researcher, the language of 
the survey area and understood by the participants. The researcher 
understands that most of emerging farmers have low education 
levels and people express their views better when they express 
them in their own language. The respondents were asked to select 
the challenges that affect them the most from all the common 
challenges that were listed in the questionnaire. All data collected 
were based on the main factors affecting the migration of emerging 
farmers into commercial markets in the survey area. 
 
 
Data analysis 
 
The data collected from the questionnaire in this study was coded 
by the researcher by assigning a numerical value in order to 
facilitate easier workability on the SPSSx program version 21 and 
Statistica version 11. The Microsoft Office Excel 2010 software 
package was used to capture the coded data. This made it easier 
for the researcher to check for mistakes before analysing the data 
in SPSSx and Statistica. The Institute for Statistical Consultation at 
the Nelson Mandela Metropolitan University carried out the 
processing of the data, using the statistical Package for Social 
Science and Statistica, software used for statistical analyses. The 
percentages calculated were based on the total number of farmers 
who responded to that particular question. The farmers that did not 
respond to a particular question were excluded from the calculation 
of percentage values for that question. When a farmer selected 
more than one answer or gave more than one method to a 
question, percentages were calculated for each group of similar 
answers.  

 
 
RESULTS 

 
The study used data collected from a sample of 50 
emerging farmers using a questionnaire survey. All 50 
farmers were engaged in livestock rearing; about 30 of 
whom were also engaged in crop production. The 
information that follows result from a descriptive  analysis
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Figure 1. Distribution of farmers by education level. Source: Field survey 2013 
 
 
 
of the data collected. The results are presented using 
descriptive statistics frequencies, counts, charts, 
percentages and standard deviations. All respondents 
were interviewed on their farms by appointment. 
Interviewing the respondents in their farms permitted the 
researcher to observe their farming areas. The 
respondents were asked to motivate their answers to 
verify whether they understood what they were being 
asked. In this regard all the results in the present study 
are assumed to be correct and valid.  

Figure 1 shows the distribution of the farmers by their 
level of education. The education levels of the farmers 
were low. Figure 1 shows that 12% of the farmers had 
less than grade 8 school level; 32% had grade 8; 18% 
had grade 9; 16% had grade 10; 18% had grade 11;  and 
4% had completed grade 12. This means that 62% of the 
farmers had less than a grade 10 school level. None of 
the heads of households had tertiary education.  
 
 
Farming skills 
 
Twenty-six items were used to measure the level of 
adequacy of the farmers on farming and management 
skills necessary to operate crop and livestock production 
farms. The farmers were measured according to their line 
of production. Farmers solely engaged in livestock 
production were asked to respond to livestock production 
questions and management questions in the 
questionnaire only. The farmers that were also engaged 
in crop production were asked to respond to the  livestock 

and crop production questions since they were also 
engaged in livestock production as well as the 
management questions. The questions were designed 
using four point Likert scale. Likert scale is a 
psychometric scale commonly used in researches which 
employs questionnaire as a survey instrument. After the 
questionnaires were completed each item was analysed 
and presented separately. In this study experience is 
equal to knowledge. It is assumed that if a farmer has 
knowledge of a certain aspect it will be easier to find 
experience along the way. Similarly if a farmer has 
experience about certain aspects then the farmer will 
have knowledge on that experience. 
 
 
Crop production skills 
 
Twelve items were used to measure the level of 
adequacy of the respondents on crop production skills 
necessary to operate a crop production enterprise. The 
results are shown on Table 1. For most of the items the 
farmers perceived their level of adequacy to be 
inadequate or they did not know. The farmers said that all 
the skills listed were important for them to know as 
farmers and knowing them would contribute towards their 
development to commercial farming. The farmers further 
claimed that given an opportunity to learn the skills they 
would. Limited knowledge as well as lack of skills in crop 
production among farmers constrains crop production, 
particularly in small scale irrigation systems. Table 1 
shows the distribution of the sampled farmers experience
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Table 1. Distribution of farmers experience on crop production skills. 
  

Farming skills (N=30) 
Level of adequacy % 

Do not know Inadequate Adequate Outstanding 

Mulching skill 57% (17) 33% (10) 7% (2) 3% (1) 

Seed bed and care skill - 47% (14) 50% (15) 3% (1) 

Soil preparation skill 3%  (10) 13% (4) 73% (22) 3% (1) 

Tillage skill 83% (25) 17% (5) - - 

Transplant skill 30% (9) 36% (11) 27% (8) 7% (2) 

Irrigation skill 57% (17) 43% (13) - - 

Pest control skill 90% (27) 10% (3) - - 

Weed control skill 20% (6) 57% (17) 23% (7) - 

Knowledge of fertilizers 17% (5) 37% (11) 47% (14) - 

Harvesting planning skill 37% (11) 37% (11) 27% (8) - 

Packing skill 63% (19) 30% (9) 7% (2) - 

Grading skill 83% (25) 13% (4) 3% (1) - 
 

Source: Field survey, 2013. 

 
 
 
Table 2. Distribution of farmers experience on livestock farming skills. 
 

Management skills (n)=50 
Level of adequacy, % 

Do not know Adequate Inadequate Outstanding 

Labour management skill 8% (4) 66%(33) 20% (10) 6% (3) 

Equipment maintenance skill 12% (6) 38%(19) 38% (19) 12% (6) 

Banking skill 10% (5) 66%(33) 18% (9) 6% (3) 

Entrepreneurial skill 20% (10) 68%(34) 8% (4) 4% (2) 

Bookkeeping or recordkeeping (financial management) 10% (5) 56%(28) 22% (11) 12% (6) 

Marketing skill 10% (5) 74%(37) 14% (7) 2% (1) 

Farm planning skill 52% (26) 40%(20) 6% (3) 2% (1) 
 

Source: Field survey (2013). 

 
 
 
on skills need for successful crop production.        
                                                                                                        
 
Livestock rearing skills 
 
Seven items were used to measure the farmers’ level of 
experience in livestock skills necessary to operate a 
livestock enterprise. The results are shown in Table 2. 
For most of the items farmers perceived their level of 
experience to be either no experience or inadequate 
experience. Calf rearing is an important activity on a 
livestock farm because young calves are the future of the 
herd. Well reared healthy calves produce high yielding 
healthy adults. The majority of the sampled respondents 
namely 44% had no experience in calf rearing and 52% 
had inadequate experience in calf rearing while 2% had 
adequate experience in calf rearing.  The majority of the 
farmers 48% claimed not to plan for the weaning of their 
calves, 46% had adequate experience in calf weaning 
and 6% had outstanding experience in calf weaning and 

claimed to plan for weaning of their calves as well as to 
keep records of everything such as the mother of the calf 
and the father.  

The majority of sampled households were not able to 
identify sick animals, diagnose them or solve the health 
problem prior to it becoming a severe condition. The 
respondents relied mostly on other neighbouring farmers 
and animal technicians that rarely visit the farms. 
However they were able to recognise animals 
with foot-rot and mastitis. The hygiene of livestock and 
the farm helps to prevent disease build up and outbreaks 
among livestock. Calf pneumonia can be minimised by 
cleaning the houses where calves are kept. Hygienic 
feeding equipment helps to prevent the transmission of 
disease. Trimming and cleaning hooves of livestock help 
to prevent foot rot disease among livestock. The majority 
of the farmers (98%) claimed not to be informed about 
animal and farm hygiene and as a result it was not a 
concern of theirs. The majority of farmers had no 
systematic breeding programme or approach they were
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Table 3. Distribution of farmers by experience on management skills. 
 

Farming skills (n=50) 
Level of adequacy % 

Do not know Inadequate Adequate Outstanding 

Calf rearing skill 44% (22) 52% (26) 2% (1) 2% (1) 

Weaning skill 48% (24) - 46% (23) 6% (3) 

Animal health skill 2% (1) 46% (23) 46% (23) 6% (3) 

Animal hygiene 42% (21) 52% (26) 6% (3) - 

Livestock breeding skill 14% (7) 60% (30) 24% (12) 2% (1) 

Artificial insemination skill 88% (44) 8% (4) 4% (2) - 

Animal nutrition skill 10% (5) 20% (10) 62% (31) 8% (4) 
 

Source: Field Survey (2013). 
 
 
 

Table 4. Marketing challenges faced by farmers. 
 

Description (n=50) Challenging factor Not a challenging factor 

Insufficient marketing facilities, such as sale pens and loading ramps 100% (50) - 

Long distance from farms to markets 100% (50) - 

Insufficient market information 100% (50) - 

Physical infrastructure such as poor roads to markets and lack of storage facilities 100% (50) - 

Changes in the markets such as price changes in relation to supply and demand 92% (46) 8% (2) 

Transaction costs  94% (47) 6% (3) 

Cheap food imports from other countries 98% (49) 2% (1) 
 

Source: Field Survey (2013). 
 
 
 

following for breeding their livestock. The farmers had no 
experience or inadequate experience of breeding skill. 
With artificial insemination skill farmers can breed their 
own desired breeds. This is a cheaper method than 
buying breeds from certified breeders. A total of 88% of 
the farmers claimed not to have experience on artificial 
insemination skill; 8% perceived their level of experience 
on artificial insemination skill to be inadequate and 4% of 
the farmers perceive their level of experience in artificial 
insemination skills to be adequate. The following table 
shows the distribution of the farmer’s experience on skills 
necessary for livestock production. 
 
 
Management skill 
 
Seven items were used to measure the level of adequacy 
of the sampled farmers in different farming management 
skills necessary to operate a livestock or crop production 
farm. The frequencies for these items are shown in Table 
3. For most of the items the farmers perceived their 
experience to be inadequate or adequate. However, 
there were some farmers with no knowledge in certain 
management skills although some farmers had 
outstanding experience in certain management skills. The 
farmers agreed that all the management skills listed were 
very important to them and knowing them could 
contribute towards the success of their farms. 

Marketing challenges 
 
Seven items were used to identify the marketing 
challenges faced by the farmers. The frequencies for the 
items are shown in Table 4. The findings showed that the 
sampled farmers are faced with marketing challenges 
such as insufficient market facilities, scale pens and 
loading ramps for livestock farmers, insufficient market 
information, low prices, cheap food imports coming from 
other countries and high transaction costs. Even farmers 
who managed to produce products of good quality were 
not realising good profits from their produce owing to 
insufficient markets being available. The harvests of the 
farmers were lost after harvesting because of spoilage. 
Many of the farmers tried to sell their produce to big 
supermarkets but were told that their produce does not 
meet the requirements specified by the supermarkets and 
lack certificate for Good Agricultural Practises. The 
following table shows the distribution of marketing 
challenges that mostly affect the sampled farmers. 
 
 
Transportation costs 
 
Amongst the marketing challenges the farmers face were 
high transportation costs. Marketing transport is important 
as it links the farmers to the markets or consumers on 
time. The availability of one’s own market transport
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Table 5. Costs of transportation per annum. 
 

Varibles Count Percentage 

R0 - R1000 1 2.00 

R1001 - R2000 1 2.00 

R2001 - R3000 5 10.00 

R3001 - R4000 13 26.00 

R4001 - R5000 8 16.00 

Above R5000 22 44.00 
 

Source: Field Survey (2013). 
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Figure 2. Distribution of marketing channels used by farmers. Source: Field Survey (2013). 

 
 
 
influences the delivery time of produce to the markets, 
unlike the case of farmers who depend on hired transport 
or public transport to transport their produce. Transport 
availability determines the quality of the delivered 
produce. Unreliable transport can lead to the late delivery 
of produce. In the case of emerging farmers who lack 
storage facilities late delivery of produce can result in loss 
of produce quality and rendering the producer unreliable 
to the buyer. Table 5 shows the transportation cost of 
emerging farmers per year. The majority of the farmers 
were spending between R 3000 to above R 5000 on 
transportation per annum. 
 
 
Marketing channels 
 
Emerging farmers use different types of marketing 
channels to market their produce. Each marketing 
channel has associated costs such as transportation 
costs, profits and prices of produce. Before choosing a 
marketing channel a farmer has to consider these costs. 
The farmers’ choice of marketing channel can pose 
problems and result in lower earnings. In general, the 
income of the farmer can be determined by the choice of 
marketing channel used. The farmers claimed to be using 

more than one marketing channel. In that case they were 
allowed to choose more than one answer from the 
questionnaire. The results were treated separately and 
are presented separately in Figure 2. Therefore the 
percentages in Figure 2 are expected not to add up to 
100% as one answer was chosen more than once from 
the questionnaire. The majority of the sampled farmers 
appeared to be using informal markets to market their 
commodity, such as neighbours, rural consumers, farm 
gates and urban spot markets.  
 
 
Poor access to market information 
 
As shown in Figure 3 the majority of the sampled farmers 
(55%) did not have access to market information. Such 
farmers are unlikely to participate in marketing because 
they are not well informed of what is happening in the 
markets. The farmers were not well informed of market 
prices, products in supply or the products in demand. 
Only 45% of the farmers had access to market 
information. The majority of the farmers with access to 
market information relied on family members, self-
research and other farmers for market information. The 
farmers claimed that the information was not timely, was
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Figure 3. Distribution of farmers with access to market information. 
Source: Field survey (2013). 

 
 
 

Table 6. Support services received by farmers. 
 

Support received 

 Count Percentage 

Yes 32 64 

No 18 36 
 

Source: Field Survey (2013). 

 
 
 
sometimes biased and was unreliable making the 
usefulness of the information doubtful.  
 
 
Support services 
 
The provision of support services remain one of the major 
important interventions in the agricultural sector for rural 
development, commercialisation, food security, poverty 
alleviation and income generation of emerging farmers. 
The commercialisation of emerging farmers cannot be 
achieved without appropriate farmer support services. 
With adequate access to farmer support services, 
emerging agriculture can contribute to an increased 
agricultural growth, rural development and have a 
positive impact on the farm income. When the 
respondents were asked about support services various 
answers were given. The majority of the sampled farmers 
namely 64% claimed to be receiving support services for 
their farming enterprises (Table 6) while 36% claimed not 
to be receiving any support service but had to rely on 
their own resources. When the farmers’ were asked 
about extension services stated that the extension officer 
visited them once in a while. None of them could recall 
the visit routine. 

The availability of land by the farmers seems to be also 
a concern in market participation (Figure 4). It is 
important that farmers have enough land to produce if 
they are to participate in commercial agricultural markets. 

The study found that 72% of the farmers are producing 
on land less than 10 ha. Only 28% of the farmers are 
producing on land more than 10 ha. This demonstrates 
that insufficient land availability in South Africa is still a 
challenge that many emerging farmers face. This has 
negative implications for sustainability and farm income, 
especially for livestock emerging farmers who depend on 
the availability of land for grazing and expansion of 
livestock production.  

 
 

DISCUSSION 
 
The emergent agricultural sector in South Africa has the 
potential to contribute to the growth of rural areas, and 
the reduction of unemployment, poverty and inequalities. 
The potential of emerging farmers to participate in this 
sector is untapped. Emerging farmers do not participate 
in markets that yield high returns. In order for emerging 
farmers to contribute to rural development and transit into 
the commercial farming sector the above mentioned 
aspects need to be addressed effectively. The main 
objective of the present study was to identify the 
challenges that prevent the commercialisation of 
emerging farmers into commercial agricultural markets. 
The study identified seven specific challenges to 
emerging farmers in the area. These were low education 
levels, lack of farming skills on crop and livestock 
production, poor management  skills,  high  transportation
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Figure 4. Land availability. Source: Field Survey (2013). 

 
 
 
cost, lack of market information, poor support services 
from the government, and participating in low 
remunerative marketing channels.  

The majority of the produce produced by the farmers is 
sold to informal markets with low market value. Some of 
the farmers used more than one marketing channel. The 
distance to output markets is an important factor. Long 
distances to the market can be discouraging to farmers 
who want to commercialise. All the remunerative markets 
were located far away from the localities of the farmers. 
This implied that farmers had to travel long distances to 
formal markets on gravel road with their commodity 
loaded on poor transportation. Poor infrastructures and a 
lack of transportation infrastructure affect the quality of 
produce thus causing farmers’ produce to be 
uneconomical or to lose quality. 

The finding also showed that most respondents suffer 
from a lack of market information owing to a lack of 
communication, tools and support services from the 
government and extension officers. The majority of the 
farmers relied on word-of-mouth, family and self-research 
for information regarding market prices which in most 
cases was biased not accurate or up-to-date. Marketing 
information is very important for the market participation 
of emerging farmers. The availability of market 
information with regard to prices can boost the 
confidence of a farmer in marketing his or her produce. It 
can also help a farmer to choose marketing channels 
which ensure a better profit.  The availability of market 
information helps farmers to make informed decisions 
about the marketing channels in which to participate. 
Farmers with no access to market information often make 
poor decisions. Market information helps the farmer by 
enhancing his or her bargaining power. The availability of 
market information about market variables such as prices 
and products in high supply and high demand in the 
market is important to the market performance of 
emerging farmers.  

A business in general requires someone  who  is  open- 

minded and has a quick understanding mind, skills such 
as record keeping and banking skills, labour 
management and the ability to choose a profitable 
enterprise and production method for that enterprise. 
Agricultural production methods in particular are dynamic 
and require someone who is current with developments 
and changes. All these requirements are achievable 
through education. When people are uneducated they 
become victims of being cheated and once people are 
cheated they refuse to adopt further innovation or change 
even if it is beneficial to them. Chemicals such as 
pesticides and herbicides and integrated pest 
management methods need someone who will 
understand them and their instructions because they can 
be dangerous to humans and produce resulting in loss of 
produce. However this does not mean that uneducated 
farmers or farmers with low education levels cannot be 
successful commercial farmers. The majority of the 
farmers in the present study were uneducated or had low 
education levels. This contributes to their lack of 
participation in formal markets. 

Infrastructure such as roads, communication lines and 
farming facilities needed to be upgraded as it was 
restricting emerging farmers from commercialising to 
commercial farming. Fencing was required in the 
localities of the farmers. Irrigation equipment for crop 
farmers is important and needed for vegetable farming as 
water is a fundamental necessity. The unavailability of 
cultivation infrastructure such as cultivation tractors and 
ploughing implements was found to limit the farmers’ 
productivity. The majority of the respondents claimed to 
be using the little money they have to hire these 
implements when needed. The implements of those who 
had them were old and poor in quality.  

The farmers needed training in various production skills 
of which could boost their productivity and farm income. 
Skills such as training in the development of marketing 
strategies could help them access and secure marketing 
channels. Overcoming the challenges  emerging  farmers 



 
 
 
 
face can induce the farmers to move towards commercial 
agricultural systems. In order for emerging farmers to 
withstand both local and international competition, the 
South African government needs to consider support 
policies and regulation that are necessary to stimulate 
growth among emerging farmers. The State has a crucial 
role to play in increasing market participation of emerging 
farmers through encouraging group marketing, the 
upgrading of roads to enable smooth accessibility of 
farmers to output markets and the establishment of local 
point sales in farming rural areas. The government 
should enact laws and implement policies that are 
favourable to emerging farmers. Finally, the present 
study recommends that government provides planned 
workshops to all farmers in order to equip them with 
marketing knowledge. 

 
 

Conclusion 
 
Many limiting factors that affect the migration of emerging 
farmers into commercial agricultural farming throughout 
the Eastern Cape Province have been discussed in this 
paper. The main factors are low education levels among 
the farmers in order to understand the dynamics of 
agriculture, poor management, lack of farming skills, poor 
access to formal remunerative markets, high 
transportation costs to formal markets, poor market 
information and insufficient support services from the 
government. It was found that the government needs to 
take a leading role in investing in these support services. 
Access to productive land, production inputs, 
infrastructure, extension services, and value adding 
facilities in the location of the farmers, market information 
and transport logistics has been found to be the key 
factors influencing emerging farmers’ participation in 
remunerative agricultural markets. 
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This work aimed to evaluate the new postharvest quality of papaya tree hybrids grown in a region of 
semi-arid climate, aiming to find the most suitable for marketing as new cultivars. It was conducted in a 
commercial farm in the municipality of Mossoró-RN, an experiment in a randomized block design with 
14 treatments (12 hybrids in testing, plus two more cultivars already marketed, Tainung No. 1 and 
Sunrise Solo), with 4 replications. The fruits were harvested during the second maturation stage (fruit 
with up to 25% yellow skin) and taken to the Postharvest Laboratory of UFERSA, where they were 
accommodated at room temperature (22 ± 1°C and 60 ± 5% RH) until they reaches the fifth maturation 
stage (fully ripe fruit, with 76-100% of yellow skin), and analyzed for their physical, physical-chemical 
and biochemical traits. There was great variability among hybrids for the evaluated quality 
characteristics. However, the hybrids showed characteristics such as mass and dimensions of fruits, 
vitamin C, soluble solids, pulp thickness that fall under the classification for commercialization both in 
the domestic and international markets, with the exception of the hybrids H36.45, H36.56, and H45.56, 
which have yellow pulp, which is not favored in the consumer market. 
  
Key words: Carica papaya L., vitamin C, soluble solid, firmness of fruit. 

  
 
INTRODUCTION 
  
The papaya tree (Carica papaya L.) is a fruit tree grown 
in almost all the national territory, with emphasis in the 
states Bahia with 718.000 tons in 2013, followed by 
Espírito Santo, Minas Gerais, Ceará and Rio Grande do 
Norte. Brazil is the second largest producer in the world 
with a total production of 1.6 million tonnes in a cultivated 
area of 31.989 ha and with the yield 51.02 t/ha in 2013 
(Reetz et al., 2015). 

Among the difficulties faced by papaya tree crop, there is 
the limitation of alternatives, the choice of cultivars and/or 
commercial hybrids for planting that meet both the 
requirements of the domestic and international markets. 
Additionally, there is also the high price of hybrid seeds of 
papaya tree of the Formosa group, which has led many 
growers to perform successive plantings with the F2, F3 
and  F4  generations  of  hybrids,  which  causes   several
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Figure 1. Temperature Analysis, maximum and minimum, and monthly rainfall in the municipality of 
Mossoro-RN in 2012. 

 
 
 
problems, among them the loss of vigor and segregation 
to fruit shape (Marin et al., 2001; Serrano and Cattaneo, 
2010). 

Commercially the most cultivated varieties belong to 
the Solo and Formosa groups. Preferred for producing 
fruit in the export process, with smaller sizes, varieties of 
the Solo group are explored in various regions of the 
world. On the other hand, the fruits of the Formosa group 
are larger and usually commercial hybrids that are 
gaining space both in the domestic and foreign markets, 
where it has been seeing strong growth in sales mainly to 
Europe, Canada and the United States (Dantas and 
Oliveira, 2009). 

From these two groups, only three cultivars occupy 
most of the commercial plantations. The most exploited 
cultivars in Brazil are ‘Sunrise Solo’ and ‘Improved 
Sunrise Solo cv. 72/12’ belonging to the Solo group, 
better known as Havaí Papaya or Amazônia and 
‘Tainung 01’ and Tainung 02’ of the Formosa group 
(Embrapa, 2013). 

There is a low availability of cultivars for use in papaya 
crop. This fact makes her more vulnerable to crop 
diseases, pests and soil and edaphoclimatic variations, 
which can affect the sustainability of this agribusiness. 
Thus, the development work with new materials can help 
to increase the genetic variability of papaya tree crops 
through the selection of new genotypes showing 
resistance to major pests and diseases, good productivity 
and fruit quality that meets consumer demands (Oliveira 
et al., 2010), as consumers are increasingly demanding 
about the quality of  the  fruits  that  they  are  consuming, 

this being a prime factor to overcome competitive 
markets. 

Studies on indicators of irrigated agriculture in different 
continents has shown great variations to this type of crop, 
drawing attention to the best investments and risk 
reduction through the programming of the use of water 
resources and standardization of suitable crops to the 
farmer (Valipour, 2015a; Valipour, 2015b). However, the 
development of new genotypes become extremely 
important, due obtain new cultivars that are productive, 
with good quality fruit and that adapt to different regions 
with low rainfall and limited availability of water for 
irrigation. 

Fruit quality is influenced by edaphoclimatic conditions, 
variety, plant nutrition, timing and production site (Aular 
and Natale, 2013). This work aimed to evaluate the 
postharvest quality of new papaya tree hybrid fruits 
resulting from research on genetic improvement for this 
culture, and cultivated in the municipality of Mossoró-RN 
a semiarid climate region, aiming to find the most useful 
to marketing as new cultivars. 
  
 

MATERIALS AND METHODS 
  
The experiment was conducted in a commercial area of the 
company Agrícola Famosa SA in the rural municipality of Mossoró-
RN. According to Köppen climate classification, the climate in the 
region is the BSwh’ type, that is, hot and dry steppe with rainy 
season lingering from summer to autumn (Carmo Filho et al., 
1987). The annual rainfall is around 450 to 600 mm, with the 
months from February to May being the wettest four months and 
from August to  November  the  driest  four  months  (Figure 1),  soil 
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type Quartzarenic Neosoil. 

The experiment was designed in randomized blocks, with four 
repetitions, with 14 treatments evaluated, with plots constituted of 
six plants, spaced 4.0 × 2.0 m. The treatments or genotypes were: 
two cultivars already commercialized, the Tainung No. 01 and 
Sunrise, plus twelve more hybrids in testing (H10.26, H10.60, 
H10.72, H26.60, H26.72, H33.36, H33.45, H33.56, H36.45, H36.56, 
H45.56, H60.72) provided by Embrapa Mandioca e Fruticultura, 
Cruz das Almas - BA. 

In the months of October to December of 2012 the harvest took 
place, when fruits were harvested and selected in maturation stage 
2 (fruit up to 25% of the surface with yellow skin) and then 
transported to the postharvest laboratory of the Federal Rural 
University of the Semi-Arid, where they were accommodated at 
room temperature (22 ± 1°C and 60 ± 5% RH) until they reached 
the maturity stage 5 (fully ripe fruit, with 76-100% of yellow skin), 
when the same were fully mature (Sanches, 2003). 

The following characteristics were evaluated: fruit mass, 
determined by the average value of individual weighting with the 
results expressed in grams (g); length and diameter with the aid of 
a caliper rule and results expressed in centimeters (cm), relation 
length/diameter (fruit shape) obtained by calculating the ratio 
between the two, and the classification made according to scale 
adapted from Lopes (1982), in which fruit have compressed (RF 
<0.9), spherical (RF ≤ 0.9 ≤ 1.1), caplet (1.1 <RF ≤ 1 , 7) and 
cylindrical (RF> 1.7) format; internal cavity and pulp thickness using 
a digital caliper in millimeters (mm); pulp coloration using a 1-5 
color scale (1 - yellow, 2 - intense yellow, 3 - salmon, 4 - orange, 5 - 
intense orange); fruit firmness, determined with the fruit pressure 
tester penetrometer, obtaining readings in lbf, lately converted into 
(N) vitamin C determined by titration with Tilman solution (DFI - 2,6-
dichloro-phenol-indophenol 0.02%) according to the methodology 
proposed by Strohecker and Henning (1967) and the results 
expressed in ascorbic acid 100 g-1 mg; soluble solids (SS) directly 
in the homogenized juice of the edible fraction through reading in 
digital refractometer (PR model -. 100, Palette, Atago Co, LTD, 
Japan), results expressed in percentage (%) (AOAC, 2005); 
titratable acidity (TA) according to the method of the Association of 
Official Analytical Chemistry (2005), the results expressed as citric 
acid percentage, and the ratio soluble solids/titratable acidity was 
obtained by the ratio between soluble solids and titratable acidity of 
the fruit pulp; pH, with the aid of a potentiometer (AOAC, 2005), the 
soluble sugar by Antrona method according to Yemn and Willis 
(1954); total and soluble pectin were extracted by the methodology 
described by McCready and MacComb (1952) and determined 
according to Blumenkrantz and Asboe-Hansen (1973), the results 
expressed in mg of galacturonic acid per 100 g fresh pulp mass, 
using a standard curve for galacturonic acid; pectinmethylesterases 
enzyme activity (PMEs), determined by the method of Jen and 
 Robinson (1984), result expressed in EU/min/g of tissue; and the 
activity of the polygalacturonase enzyme (PG), for extracting the 
enzyme source (Pressey and Avants, 1973), the determination was 
performed by the DNS method (Miller, 1959) and the results 
expressed as UAE/g fresh weight. 

The results were submitted to analysis of variance and the 
average of qualitative data compared by the Scott-Knott test at 5% 
with the aid of the SISVAR (System for Analysis of Variance) 
statistical software. 

  
 
RESULTS AND DISCUSSION 
  
The fruits of the hybrids showed average values for mass 
ranging from 461.1 g (hybrid H10.72) to 946.2 g (hybrid 
H10.60). These values were lower than those obtained 
for Tainung No. 1  and  higher  than  those  found  for  the 

 
 
 
 
Sunrise Solo, which was statistically similar to the hybrid 
H10.72 (Table 1). Dias et al. (2011) evaluating the 
papaya genotypes, revealed a large variation for the fruit 
mass, with values ranging from 260 to 1890 g. Given the 
results for this variable, it can be seen that the hybrids 
have potential for selecting plants for the production of 
fruits with standards that meet the international market, 
since it requires mass around 500 g, as well as the 
domestic market requiring fruit with mass between 800 
and 1500 g (Dantas and Lima, 2001; Ocampo et al., 
2006; Dias et al., 2011). 

The dimensions of the fruit also showed a large 
variation. For the length of the fruit, the hybrids that got 
the highest values were H10.60, H26.72, H33.36, 
H33.45, H33.56, H36.45, H36.56 and H45.56, which are 
lower than the Tainung no. 1 and higher than the Sunrise 
Solo, which presented lower undifferentiated length from 
the hybrid H60.72. As for the diameter of the fruit, the 
hybrids that had higher values were H10.26, H10.60, 
H33.45, H33.56, H36.45 and H45.56, not differentiating 
from the Tainung No. 1, and the other hybrids showed 
lower values, but higher than the Sunrise Solo who got 
smaller diameter (Table 1). For these characteristics, in 
the types of papaya tree of the Solo and Formosa 
groups, classification is very subjective when it comes to 
genotypes with high variability in the size and shape of 
fruit (Dias et al., 2011) as evaluated in this work. 

For the relationship between length and diameter of the 
fruits it can be observed a separation between two 
groups, one in which the hybrids that resembled Tainung 
No. 1 of the Formosa group, with values above 2, with 
fruits having a cylindrical shape, and another group in 
which the hybrids resembled the Sunrise Soil Soil group, 
with values around 1.7 featuring an oblong shape fruit 
(Table 1). However, the present hybrids present format 
suitable for marketing, since they have shapes similar to 
those genotypes that are currently available on the 
market. 

Regarding the color of the pulp, most hybrids have 
orange coloring similar to Tainung No. 1 and Sunrise 
Solo. With the exception of H10.60 and H26.72 hybrids, 
which have intense orange pulp color, and hybrids 
H36.45, H36.56 H45.56 which have yellow color (Table 
2), a characteristic that is not the preferred by most 
consumers due to the habit of consumption of fruits with 
red pulp and associating this coloration that the fruits are 
not fully mature. 

The thickness of the pulp showed a small variation 
between the values, with observed formation of two 
groups, one with the hybrids H10.60, H33.45, H33.56, 
H36.45 and H45.56, which did not differentiate from the 
Tainung No. 1, obtaining the highest values, and another 
group with the hybrids H10.26, H10.72, H26.60, H26.72, 
H33.36, H36.56 and H60.72 that were similar to Sunrise 
Solo with lower values (Table 2). All genotypes showed 
pulp thickness higher than 20 mm, considered ideal for 
papaya marketing (Martins et al., 2006).  This  variable  is
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Table 1. Means of mass (MASS), length (LENG), diameter (DIAM) and length and diameter ratio (COMP/DIAM) 
of fruits papaya tree hybrids. 
 

Genotypes MASS(g) LENG(cm) DIAM(cm) LENG/DIAM 

Tainungnº1 1337.9
a
 24.7

a
 11.2

a
 2.2

a
 

Sunrisesolo 262.2d 11.3
d
 6.5

c
 1.7

b
 

H10.26 762.9
b
 16.9

c
 9.7

a
 1.7

b
 

H10.60 946.2
b
 19.2

b
 10.6

a
 1.8

b
 

H10.72 461.1d 16.3
c
 8.1

b
 2.0

a
 

H26.60 576.7
c
 16.5

c
 8.7

b
 1.8

b
 

H26.72 711.7
c
 19.5

b
 9.2

b
 2.1

a
 

H33.36 629.1
c
 19.1

b
 8.6

b
 2.2

a
 

H33.45 886.6
b
 20.5

b
 9.8

a
 2.1

a
 

H33.56 936.9
b
 20.5

b
 10.2

a
 2.0

a
 

H36.45 853.2
b
 20.7

b
 9.4

a
 2.2

a
 

H36.56 717.1
c
 19.9

b
 9.0

b
 2.2

a
 

H45.56 812.1
b
 19.9

b
 10.4

a
 1.9

b
 

H60.72 531.6
c
 14.2

d
 8.7

b
 1.7

b
 

General mean 744.7 18.5 9.3 1.9 

CV(%) 25.87 11.93 10.30 10.63 
 

Means followed by the same letter do not differ by the Scott-Knott test at 5% probability. 

 
 
 

Table 2. Means of color pulp, pulp thickness (PT), internal cavity (IC) of fruits papaya tree hybrids. 
 

Genotypes Pulp color PT (mm) IC (mm) 

Tainung nº1 Orange 28.8
a
 54.2

a
 

Sunrise solo Orange 21.1
b
 22.7

c
 

H10.26 Orange 24.5
b
 48.1

a
 

H10.60 Intense orange 27.9
a
 49.8

a
 

H10.72 Orange 22.8
b
 35.3

b
 

H26.60 Orange 23.9
b
 39.4

b
 

H26.72 Intense orange 23.9
b
 44.0

b
 

H33.36 Orange 22.4
b
 40.7

b
 

H33.45 Orange 28.6
a
 40.6

b
 

H33.56 Orange 27.7
a
 46.6

a
 

H36.45 Yellow 27.0
a
 39.3

b
 

H36.56 Yellow 24.3
b
 41.0

b
 

H45.56 Yellow 28.3
a
 46.9

a
 

H60.72 Orange 22.1
b
 43.2

b
 

General mean - 25.2 42.3 

CV (%) - 12.56 12.49 
 

Means followed by the same letter do not differ by the Scott-Knott test at 5% probability. 

 
 
 
closely related to the quality of the fruits, because fruits 
with thicker pulp tend to have higher firmness (Oliveira et 
al., 2010), confirming what was also observed in this 
study. 

The values for internal cavity of the fruit ranged from 
22.7 to 54.2 mm. With the hybrids H33.56, H10.26, 
H10.60 and H45.56 presenting larger cavity not 
differentiating  from  the   Tainung   No.  1.   The   hybrids 

H10.72, H26.60, H26.72, H33.36, H33.45, H36.45, 
H36.56 and H60.72 had lower diameter of the inner 
cavity, but superior to the Sunrise Solo, that presented 
the smaller values for this variable (Table 2). Fruits with 
lower internal cavity, greater firmness and thickness pulp, 
have a higher pulp yield and are more resistant to 
transport to distant markets (Fioravanço et al., 1992). 

The   firmness   of   the   fruit   is   a    characteristic    of
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Table 3. Means of fruit firmness (FIRM), total pectin (TP), soluble pectin (SP) polygalacturonase (PG) and pectinmethylesterase (PME) 
of fruits papaya tree hybrids.  
 

Genotypes FIRM (N) TP
1
 SP

1
 PG

2
 PME

3
 

Tainung nº1 23.6
b
 444.9

a
 344.4

b
 239.8

a
 1081.4

d
 

Sunrise solo 14.4
d
 462.3

a
 373.7

a
 301.9

a
 4127.3

a
 

H10.26 21.2
c
 391.2

b
 356.4

a
 271.7

a
 1471.8d 

H10.60 23.2
b
 366.3

b
 366.1

a
 137.9

b
 2672.8

b
 

H10.72 15.1
d
 415.2

b
 373.4

a
 243.6

a
 2702.0

b
 

H26.60 16.6
d
 466.9

a
 370.2

a
 243.2

a
 2887.6

b
 

H26.72 15.2
d
 405.9

b
 370.9

a
 237.7

a
 2690.7

b
 

H33.36 12.9
d
 398.0

b
 321.1

b
 269.2

a
 2771.4

b
 

H33.45 19.8
c
 447.5

a
 331.5

b
 180.9

b
 2119.1

c
 

H33.56 17.2
c
 444.3

a
 396.3

a
 231.1

a
 2292.6

c
 

H36.45 19.5
c
 436.8

a
 296.1

b
 140.8

b
 1350.9

d
 

H36.56 18.2
c
 480.1

a
 317.2

b
 149.6

b
 2855.6

b
 

H45.56 32.6
a
 450.8

a
 343.9

b
 178.8

b
 1751.6

c
 

H60.72 17.4
c
 451.4

a
 385.0

a
 307.8

a
 2465.5

b
 

General mean 19.1 432.9 355.8 223.8 2374.3 

CV (%) 11.69 10.62 5.97 26.44 11.82 
 

Means followed by the same letter do not differ by the Scott-Knott test at 5% probability. 
1
mg Á. Gal. 100 g

-1
; 

2
UAE g

-1
 of fresh weight; 

3
U.E min

-1 

g
-1
 of tissue. 

 
 
 
fundamental importance in the assessment of fruits, both 
for management and for the acceptance by the consumer 
market (Cuquel et al., 2012). Directly influencing the 
strength of the fruit from mechanical shocks during 
transportation and marketing, providing a longer shelf life. 
The hybrid H45.56 showed the highest firmness. It can 
be observed in a cluster with the lowest values for the 
hybrids H10.72, H26.60, H26.72 and H33.36 (range 12.9 
to 15.1 N) that were similar to the Sunrise Solo; this lower 
firmness is directly related to the high activity of 
pectinmethylesterase and polygalacturonase, and high 
content of soluble pectin in these hybrids (Table 3). 

For total pectin, hybrids who obtained the highest 
values were H26.60, H33.45, H33.56, H36.45, H36.56, 
H45.56 and H60.72 that did not differentiate from the 
Tainung 1 and Sunrise Solo (Table 3). Higher total pectin 
rates are important in the postharvest fruit conservation 
because pectins influence the texture of the fruit, as well 
as reduce costs in the industrial processing area due to 
less need for the addition of commercial pectin and 
reduction of sweet mass manufacturing time (Chitarra 
and Chitarra, 2005). 

As for the soluble pectin the highest values were found 
for the hybrids H10.26, H10.60, H10.72, H26.60, H26.72, 
H33.56 and H60.72 that did not differentiate from Sunrise 
Solo (Table 3) . The high percentage of soluble pectin 
indicates fruits with less firmness, which makes the fruit 
more susceptible to mechanical damage, reducing its 
post-harvest life and renders the transport of fruits to 
great distances impractical. 

Regarding the enzymes that degrade the cell  wall,  the 

polygalacturonase showed lower enzymatic activity in the 
hybrids H10.60, H33.45, H36.45, H36.56 and H45.56, as 
for pectinmethylesterase the least activity was in the 
hybrids H10.26 and H36.45 that not differed from 
Tainung No. 1 (Table 3). These genotypes showed 
greater fruit firmness, as the lower activity of these 
enzymes along with other pectinases, the greater the 
firmness of the fruit. Ethylene production during papaya 
ripening stage has strong participation in modulating the 
activity of these enzymes (Krongyut et al., 2011). 
According to Antunes et al. (2006), the activity of PMEs 
must precede PG activity, since the former has a 
demethylating function and prepares the polygalacturonic 
chain for th PG action, depolymerizing it. After the PG 
action, undemethylated pectic chains are exposed and 
may suffer, although to a lesser extent, the action of 
PMEs. 

The fruits presented high levels of vitamin C, which 
ranged from 96.5 to 122.3 mg/100 g. The hybrids H10.26, 
H10.72, H26.72, H33.36, H33.56, H36.45 and H36.56 
showed vitamin C content higher than the other hybrids 
and Tainung No. 1 and Sunrise Solo (Table 4). Wide 
variation in vitamin C values can be found among the 
fruits of different genotypes, probably due to the effect of 
weather conditions and soil nutrition, besides the 
characteristics of the genotype itself. 

The titratable acidity showed little variation despite 
significant differences, with all hybrids presented lower 
acidity than the Sunrise Solo, and the hybrids H33.36, 
H33.45, H33.56, H36.45, H45.56 and H60.72, similar 
acidity to Tainung No. 1 (Table 4). These values were

http://www.scielo.br/scielo.php?pid=S0103-84782014000801411&script=sci_arttext&tlng=en#B03
http://www.scielo.br/scielo.php?pid=S0103-84782014000801411&script=sci_arttext&tlng=en#B03
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Table 4. Means of vitamin C (VIT C, mg 100 g-1), titratable acidity (TA) and pH of fruits papaya tree hybrids. 
 

Genotypes VIT C (mg 100 g
-1

) TA (% Á. cítrico) pH 

Tainung nº1 97.6
c
 0.125

d
 4.55

a
 

Sunrise solo 97.7
c
 0.180

a
 4.80

a
 

H10.26 113.2
a
 0.166

b
 4.78

a
 

H10.60 105.5
b
 0.156

c
 4.87

a
 

H10.72 122.3
a
 0.156

c
 4.95

a
 

H26.60 94.8
c
 0.147

c
 4.75

a
 

H26.72 114.2
a
 0.167

b
 4.89

a
 

H33.36 119.5
a
 0.132

d
 4.98

a
 

H33.45 105.6
b
 0.126

d
 4.98

a
 

H33.56 117.1
a
 0.136

d
 4.91

a
 

H36.45 118.7
a
 0.123

d
 4.79

a
 

H36.56 112.5
a
 0.109

e
 4.92

a
 

H45.56 105.6
b
 0.129

d
 4.83

a
 

H60.72 105.7
b
 0.126

d
 4.89

a
 

General mean 109.3 0.141 4.85 

CV (%) 4.67 6.45 3.54 
 

Means followed by the same letter do not differ by the Scott-Knott test at 5% probability. 

 
 
 

Table 5. Means of soluble solids (SS), relation SS/TA and soluble sugars (SA) of fruits papaya tree hybrids. 
 

Genotypes SS (%) SS/TA SA (%) 

Tainung nº1 13.1
b
 104.8

b
 9.0

c
 

Sunrise solo 14.3
a
 79.4

d
 10.3

b
 

H10.26 15.3
a
 92.2

c
 11.2

a
 

H10.60 13.0
b
 83.3

d
 8.8

c
 

H10.72 15.7
a
 100.6

b
 10.9

a
 

H26.60 13.7
b
 93.2

c
 9.9

b
 

H26.72 14.5
a
 86.8

c
 10.5

b
 

H33.36 13.9
b
 105.3

b
 10.8

a
 

H33.45 13.1
b
 104.4

b
 10.3

b
 

H33.56 13.5
b
 99.3

b
 10.8

a
 

H36.45 12.6
b
 102.4

b
 10.1

b
 

H36.56 13.3
b
 122.0

a
 10.3

b
 

H45.56 12.7
b
 98.4

b
 8.9

c
 

H60.72 14.8
a
 117.5

a
 10.9

a
 

General mean 13.8 97.9 10.2 

CV (%) 5.94 6.37 6.03 
 

Means followed by the same letter do not differ by the Scott-Knott test at 5% probability. 

 
 
 
superior to the variation found by Alonso et al. (2008) 
from 0.012 to 0.034% by evaluating the productive 
behavior of different varieties of papaya tree in an 
experiment carried out in Cuba. Large variations in 
papaya in acidity values can occur due to variations of 
each genetic material in the use of organic acids as 
respiratory process substrates, the management of 
fertilizer and spacing, as well as harvest date (Souza et 
al., 2009; Fontes et al., 2012). 

For the pH there was no significant difference between 
hybrids and cultivars already marketed (Table 4). These 
values were lower than those found by Dias et al. (2011) 
that found 5.22 and 5.64 in the evaluation of papaya tree 
genotypes with use of agronomic descriptors. 

Regarding the soluble solids, hybrids H10.26 H10.72 
H26.72 H60.72 showed higher values, not differentiating 
between them and the Sunrise Solo (Table 5). The 
hybrids evaluated in this work fall within the requirements 
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for marketing based on this variable, both for the 
domestic market, where the minimum requirement for this 
feature is 11%, according to rules Instruction No. 4 of 
January 22, 2010 for papaya; as well as for the foreign 
market, where the minimum required is 12% (Manica, 
1996). 

For the SS/TA relation there was a change from 79.4 to 
117.5, and the lower values were observed for hybrid 
H10.60 that didn't differ from Sunrise Solo. The hybrids 
H36.56 and H60.72 showed higher values than the 
others (Table 5). The relationship between sugars and 
organic acids becomes more representative than the 
isolated measurement of these, providing good 
perception of the balance between these two, resulting in 
a pleasant feeling for the consumer's taste (Fernandes et 
al., 2010). 

For the soluble sugars, there was a group with the 
highest values for the hybrids H60.72, H33.56, H33.36, 
H10.72 and H10.26; and one with the lowest values for 
the hybrids H10.60 and H45.56 that did not differ among 
themselves and from Tainung No. 1 (Table 5). The 
concentration and content of sugars play a fundamental 
role in flavor, also being indicators of fruit maturity 
stage. This composition can vary due to environmental 
factors, sunlight quality, temperature, maturity stage, 
among cultivars, planting practices, as well as the type 
and dosage of fertilizers (Nascimento et al., 2003). 
  
 
Conclusion 
  
There was great variability among hybrids for the 
evaluated quality characteristics. However, all studied 
hybrids have characteristics such as weight, firmness, 
pulp thickness, vitamin C, soluble solids, titratable acidity 
and total sugars, within the quality standards for 
commercialization both in the domestic market and 
internationally, except for the the H36.45, H36.56, and 
H45.56 hybrids, that have yellow flesh that does not meet 
the preference of most of the consumer markets. 
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The banana weevil, Cosmopolites sordidus (Germar) (Coleoptera: Curculionidae) is an important pest of 
highland banana in East and central Africa. It causes yield loss of up to 100% in heavily infested fields. 
Studies were carried out in Uganda to evaluate the efficacy of the the plant base incision trap in 
attracting C. sordidus and to determine the potential of using the trap in enhancing dissemination of the 
entomopathogenic fungi, Beauveria bassiana for the pest control. Field experiments were carried out in 
an established banana field of C. sordidus susceptible East African Highland Banana cultivar, Nabusa 
(AAA-EA). There were significantly more weevils recaptured in the incision trap (14.4%) than the 
conventional pseudostem trap (4.7%). After laboratory incubation, more weevils died due to pathogen 
infection  from plots where the incision trap was used in combination with B. bassiana (25.9%) 
compared to where the pathogen was applied around the plant base without the incision (15.9%). 
Weevils showing signs of mycosis were recovered at 6 and 9 m from the pathogen release point, 
suggesting that the weevils can pick the pathogen from the aggregation point and disperse it. This data  
demonstrates that the incision trap is more attractive to C. sordidus than the conventional pseudostem 
trap and might be used to enhance dissemination of B. bassiana among adults. 
 
Key words: Entomopathogenic fungi, horizontal transmission,  pseudostem trap. 

 
 
INTRODUCTION 
 
The banana weevil, Cosmopolites sordidus (Germar) 
(Coleoptera:  Curculionidae)   is   an   important   pest   of 

highland banana in Uganda. The biology and pest status 
of C. sordidus have been reviewed by Gold et  al.  (2001)
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and Masanza (2003). The adults are most commonly 
associated with banana mats (a banana mat consists of 
plants coming from the common corm) and crop residues 
(Gold et al., 2001). They crawl short distances and may 
be sedentary for extended periods (Gold et al. 1999). 
Few disperse more than 50 m in three months (Gold et 
al., 2001, 2004). Eggs are deposited in the leaf sheaths 
and corm at the base of the banana mat (Abera et al., 
2000). The larvae tunnel in the corm, damaging the 
vascular system and compromise the stability of the 
plant. Yield losses of 100% have been observed in 
farmers’ fields (Sengooba, 1986), while losses of more 
than 40% have been reported in on-station trials 
(Rukazambuga et al., 1998; Gold et al., 2004). 

Control of Cosmopolites sordidus is difficult because 
the immature stages (including the most destructive 
stage) are within the plant, often below the soil level, 
making them largely inaccessible to natural enemies 
(Gold et al., 2001). Therefore, control strategies often 
target adults. Currently, control options available to the 
farmers in Uganda include pesticides and cultural 
methods. Chemical control is regarded by farmers as 
easy to manage, fast acting and effective (Gold et al., 
1993). The chemicals are however, costly and are thus 
not affordable by resource poor farmers in Uganda. 
Weevil resistance towards these chemicals has also 
been reported in some countries (Collins et al., 1991; 
Gold et al., 1999). Cultural control practices currently in 
use include crop sanitation and trapping using 
pseudostem but are of limited application due to being 
labour intensive and ineffective (Gold et al., 2002; 
Masanza, 2003). Farmer adoption of this method has also 
been limited by the availability of trapping material and lack 
of confidence of its effectiveness (Gold et al., 1993). 
Alternative control methods especially those that are 
ecologically sound, less expensive and safer to non-
target species and environment than pesticides are being 
sought. 

Bio-control using fungal microbes offers a promising 
means of managing this pest. For example, studies 
conducted in Uganda have identified eastern African 
strains of the entomopathogenic fungi Beauveria 
bassiana (Balsamo Vuillemin) (Ascomycota: 
Hypocreales) (Ugandan isolate G41) which effect > 95% 
weevil adult mortality in the laboratory and can 
significantly reduce adult population and damage under 
field conditions (Nankinga, 1999; Nankinga and Moore, 
2000; Godonou et al., 2000). However, fungal microbes 
have not been used for the management of the pest by 
banana growers because of being expensive and not 
economically feasible.. This is because the weevil is a 
relatively sedentary insect, thereby necessitating the 
application of the fungus throughout the banana field. 
The possible use of infochemicals, especially 
kairomones, could provide a means of aggregating 
weevils at entomopathogen delivery sites in cuts made  in 
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residue corms, thereby reducing the amount of fungus 
and associated costs required (Tinzaara et al., 2002). 
The current delivery systems and their comparative 
advantage have not been investigated. 

Cosmopolites sordidus is attracted to the kairomones 
from the host plant (Budenberg et al., 1993). The 
potential use of kairomones to aggregate banana weevils 
at delivery sites for entomopathogenic fungi has been 
reported (Tinzaara et al., 2002). The potential for 
kairomones to enhance transmission of B. bassiana 
needs to be demonstrated in Ugandan conditions. 
Treverrow and Bedding (1993) and Treverrow (1994) 
effectively used plant kairomones for the delivering of 
entomopathogenic nematodes by making conical cuts in 
the corms of banana stumps. Successful use of 
pseudostem traps or kairomones to enhance 
dissemination of B. bassiana would attract a large 
number of adults which have more chances to get in 
contact with the pathogen and infect healthy individuals 
outside the trap (horizontal transmission). This delivery 
system would have the advantage of reduced costs due 
to limited amount of the pathogen needed in traps and 
extra field application would not be necessary. Thus, the 
evaluation of techniques based on used of kairomones to 
enhance transmission of B. bassiana needs to be 
demonstrated in Ugandan conditions. 

The  objectives were to: (i) evaluate the efficacy of 
banana plant base incision trap for attracting C. sordidus, 
and (ii) determine the effectiveness of using host plant 
incision traps in enhancing the dissemination of B. 
bassiana in Ugandan conditions.  
 
 
MATERIALS AND METHODS 
 
Study site description 
 
Laboratory and on-station field studies were conducted on the 
International Institute of Tropical Agriculture’s (IITA) Sendusu Farm 
(0°32’N, 32°35’E, 1260 m.a.s.l) located 28 km northeast of 
Kampala, Uganda. The site has two rainy seasons (March-May and 
September-November) with mean annual rainfall of 1200 to 1300 mm 
and a mean daily temperature of 21°C. 
 
 
Source of B. bassiana 
 
Beauveria bassiana (isolate G41) (3 × 109 conidia/g) was obtained 
from the Pathology laboratory at Sendusu in a crushed maize 
formulation (Nankinga and Moore, 2000). This isolate had been 
previously shown to be effective against C. sordidus in the 
laboratory and field conditions (Nankinga and Moore, 2000). 
 
 
Experiment 1: Efficacy of the incision traps 

 
Experimental design 
 
The objective of this experiment was to evaluate the effectiveness 
of  using   incision   traps    as    compared    to    the    conventional
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Figure 1. Trap types: (a) split pseudostem trap; (b) incision trap. 

 
 
 
pseudostem traps in capturing C. sordidus. The experiment was 
conducted in five year old banana plots of East Africa highland 
banana, Nabusa cultivar (AAA-EA) mulched with dry banana leaves 
and well weeded. Plots of 7 rows by 7 columns of banana mats 
each (Musa spp., cv Nabusa, AAA-EA type) planted in a 3 m × 3 m 
arrangement were used. Plots were 10 m apart. The experiment 
comprised of two treatments: (a) Conventional pseudostem trap, 
and (b) Incision trap. Each treatment appeared in five randomly 
selected plots (that is, was replicated five times). 

C. sordidus release and trap placement: Adult C. sordidus were 
collected from banana fields within the station at Sendusu using 
pseudostem traps (Mitchell, 1978). Weevil sex was determined 
using curvature of the last abdominal segment and punctuation on 
the rostrum (Longoria, 1968). Before release, weevils were 
scratched on the elytra with distinct marks for each banana mat per 
treatment using a surgical blade. A total of 72 weevils (36 female 
and 36 male) were released for each replicate on banana mats at 
varied distances (12 females: 12 males at 0, 3 and 6 m) from the 
traps for both treatments. Weevils were released in the evening 
(7.00-8.00 pm) at the base of the plants in each plot by placing 
them in shallow holes.  

The split pseudostem traps were made from freshly harvested 
Nabusa cultivar plants obtained from the same field. The 
pseudostem was cut into pieces of about 30 cm long and split 
longitudinally to make uniform traps (Figure 1a). The traps were laid 
close to mats with their freshly cut surfaces in contact with the 
ground (Mitchell, 1978). The incision traps were made by making a 
horizontal cut/incision into the stump base at soil level using a 
strong sharp knife (Figure 1b). The incision was cut up to a half of 
the stump diameter and maintained slightly gapping by inserting 
small banana corm pieces (of about 2 cm2 each).  
 
 
Sampling and data collection 
 
Weevils were picked from each trap after 3 and 6 days and 
identified using the marks to determine sex and the distance moved 
from the release point to the trap. The number of marked (males 
and females) and unmarked weevils recaptured in traps at 0, 3, 6 m 
from the point of release were recorded and the percentage of 
recaptured weevils calculated. 

Experiment 2: Enhancing dissemination of B. bassiana using 
incision traps  
 
Experimental design 
 
The experiment was carried out in an established banana field at 
Sendusu and comprised of two treatments: (i) B. bassiana applied 
around the mat, and (ii) B. bassiana applied around the incision 
traps. Each treatment was replicated four times and each replicate 
was applied to separate plots of 7 by 7 plants (mats). Plots of 306.3 
m2 with 49 banana mats each (Musa spp., cv Nabusa, AAA-EA 
type) planted at spacing of 2.5 m × 2.5 m within rows were used. 
Plots were 5 m apart. 
 
 
Application of B. bassiana  
 
Two hundred grams (200 g) of B. bassiana maize substrate 
(5.9×107spores/g) was applied around one intact plant per plot for 
the treatment where B. bassiana was applied alone and around the 
base of incised banana stump for the incision treatment (Figure 2). 
The pathogen was applied on only one central mat per plot in both 
treatments. A treatment was applied to one plot. The plots where B. 
bassiana was applied were mulched using dry banana leaves 
obtained from the same field prior to treatments application (Figure 
2). This was meant to prevent sunlight/heat effect on the pathogen.  
 
 
Weevil release 
 
The initial inoculum of B. bassiana in the banana plots was 
determined before release of weevils. Weevils were captured from 
plots using pseudostem traps and taken to the laboratory for 
incubation. Of the 100 weevils which were incubated for six days in 
the laboratory, none showed mycosis due to pathogen infection 
confirming no pathogen inoculum on weevils at the start of the 
experiment. 

The weevils which were released in plots were first sexed and 
marked according to distances of release as described above. 
Twenty weevils (10 females: 10 males) were released on the mats 
at 0, 3, 6 and 9 m from the pathogen  release  point.  Weevils  were
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Figure 2. B. bassiana applied around an incised plant base. 

 
 
 
released in the evening (7.00-8.00 pm) at the base of the mats in 
each plot by placing them in shallow holes around the base. 
 
 
Sampling and data collection 
 
The weevils were captured weekly following their release and taken 
to the laboratory for incubation. The weevils were incubated (at 25 - 
27°C, 80-90% r.h.) in separate glass petri dishes (90 mm diameter) 
in accordance to distance of capture from the B. bassiana release 
point (0, 3, 6 and 9 m). The incubated weevils were observed for 
any mycosis (whitish fungal mycelial growth) weekly for three 
weeks. The distance of infected weevil recovery from the nearest B. 
bassiana application point was noted.  
 
 
Data analysis  
 
Data of weevils re-captured from plots with pseudostem and 
incision traps was analysed using a chi squared test. The 
percentage of weevils recovered by pseudostem trapping from plots 
with different pathogen delivery systems that showed mycosis after 
incubation were analysed using contingency table test of 
statgraphics plus version 7 (StatPoint, Inc., USA) on numbers. 

 
 

RESULTS AND DISCUSSION 
 

Experiment 1: Efficacy of incision traps 
 

The number of weevils recaptured from the incision trap 
was significantly higher (14.4%; n =360) compared to that 
from the  conventional  split  pseudostem  trap  (4.7%)  (t-

test, P<0.05) (Figure 3). Males and females were 
attracted equally to either the incision trap or the 
pseudostem trap. There were significantly more weevils 
recaptured in incision traps compared to pseudostem 
traps from all distances from the trap (Figure 4). The 
incision trap attracted over 20% of the weevils from 3 m 
and beyond compared to 3% for pseudostem traps.  

The banana weevil is attracted to the kairomones from 
the host plants (Budenberg et al., 1993). Treverrow 
(1994) identified iso-butyl-aldehyde and limonene to be 
the major components of the banana corm that are 
attractive to C. sordidus. In the current study, significantly 
more weevils were captured in the incision trap than the 
conventional pseudostem trap. This might be because of 
the higher concentration of attractive components such 
as limonene in the incision traps than in the conventional 
psuedostem traps (Treverrow, 1994). The results of this 
study demonstrate that incision traps are significantly 
more attractive to the C. sordidus compared to the 
conventional pseudostem trap.  

The percentage of weevils captured from 3m and 
beyond was higher in incision traps than in pseudostem 
traps. The capacity for incision trap to attract large 
numbers of the weevils can be exploited for pest 
management where they are aggregated at delivery sites 
for entomopathogenic fungi for subsequent 
dissemination. If the incision trap attracts a higher 
proportion of the population to the pathogen delivery site, 
chances of transmission would be increased (Gold et  al.,
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Figure 3. Mean number of C. sordidus captured in the incision trap compared with 
conventional pseudostem trap. Bars with different letters are significantly different, P < 0.05. 
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Figure 4. Percentage of C. sordidus recaptured in the incision trap and conventional pseudostem 
trap at different distance from the trap in the banana field at Sendusu, Uganda, 2006. Bars with 
different letters are significantly different (t-test, P < 0.05). 

 
 
 
2001). Therefore, increasing trap efficacy will lead to 
higher transmission rates of B. bassiana. Theoretically, 
the strategy of using the kairomone to aggregate weevils 
on the pathogen delivery sites would have the  advantage 

of reducing the amount of fungal pathogen applied per 
unit area compared to the technique of treating individual 
plants. Our results indicate that the incision trap can be 
used to attract C. sordidus to sites where the
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entomopathogen B. bassiana is available for subsequent 
dissemination by the insects. 
 
 
Experiment 2: Enhancing dissemination of B. 
bassiana using incision traps  
 
Weevils recaptured from plots treated with B. bassiana 
around the incision trap showed significantly higher 
percentage mycosis (25.9±3.1) compared to those 
recaptured from plots where B. bassiana was applied 
around the banana mats without incision (15.9±2.7) 

(2=19.2, d.f.=1, P=0.0001). The percentage mycosis for 
weevils recaptured at 0 m from the pathogen release 
point was similar among traps (Figure 5). Weevils 
showing signs of mycosis recaptured at 6 and 9 m from 
the pathogen release point was significantly higher where 
B. bassiana was applied around the incision trap than 
when it was applied alone. This observation suggests 
that the incision trap can enhance pathogen 
dissemination from the release points.  

An effective mechanism of transmission is a key factor 
in the ability of entomopathogens to develop epizootics 
(Roy and Pell, 2000). The use of an attractant in the 
system as a method of introducing a deleterious agent 
into a pest population requires that the lured individuals 
can sufficiently disperse after visiting the self-
contaminating site (Vega et al.,  1995;  Klein  and  Lacey, 

1999; Roy and Pell, 2000). In our study using the incision 
trap delivery system, it was observed that a number of 
weevils that died due to B. bassiana infection were 
recaptured more than 6 m from the pathogen source. 
This suggests that these weevils were contaminated with 
the pathogen from the delivery sites and dispersed after 
infection. 

In our study, 20 to 40% of the incubated dead weevils  
recaptured at different distance for the pathogen delivery 
point showed signs of mycosis. The result could have 
been overestimation as the incubation method and 
keeping weevils for a long time ensure infection that may 
not occur in the field. On the other hand, the percentage 
transmission seems to be low but it is possible that under 
suitable conditions (e.g greater soil moisture, higher C. 
sordidus population levels) such a level of infection would 
increase the overall inoculum level. The percentage 
transmission is also likely to increase when more 
pathogen is placed around the trap.  
 
 
Conclusions 
 
The results demonstrate incision traps are significantly 
more attractive to C. sordidus compared to the 
conventional pseudostem trap and it shows potential for 
spreading B. bassiana in the integrated management of 
C.  sordidus.   Further   studies  should  be  conducted  to 
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investigate the factors that can improve the percentage 
transmission of B. bassiana for the control of C. sordidus. 
There is also need to investigate the cost and benefit 
analysis of integrating the incision trap-B. bassiana 
delivery system in the management of C. sordidus. 
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The Genipa americana L., a fruit-producing species found in several countries and commonly found in 
the Brazilian Northeast, is very important economically, both for its wood and as a source of food and 
dye. This study evaluate the effects of abscisic acid (ABA) and the concentrations of salt and sugar in 
MS medium on reducing Genipa americana L. growth for in vitro conservation, as well as the effects of 
benzylaminopurine (BAP) on the regrowth phase. Seedlings from accession CZA, after 90 days of in 
vitro cultivation, were transferred to Murashige and Skoog (MS) medium with 30 g L

-1
 sucrose and 

various concentrations of ABA (0, 0.5, 1.0, 2.0 and 4.0 mg L
-1

). In a second assay, various 
concentrations of MS medium salts and sucrose were tested. During the regrowth phase, nodal 
segments were placed in MS regeneration medium with 30 g L

-1
 sucrose and BAP (0 or 1 mg L

-1
). All the 

ABA concentrations affected the number of leaves, but significant effects on the length of aerial portion 
were not observed. The MS and ½ MS media with 30 g L

-1 
sucrose slowed plant growth and are 

recommended for conservation protocols for slow growth. Adding 1 mg L
-1

 BAP to the culture medium 
caused a greater morphogenic response, and the apical, medial and basal nodes retained morphogenic 
potential during regrowth.  
 
Key words: Genipa americana L., germplasm, abscisic acid, sucrose. 

 
 
INTRODUCTION 
 
Genipa americana (Rubiaceae) is the well-known native 
fruit tree in South America and West Indies. Fruits and 
tree bark are used medicinally as tonic, febrifuge, for 
venereal diseases, pharyngitis, cough, cold and others. 
Fruits are used to prepare beverages (Yee et al., 2010). 
Recently studies reported the utilization of G. americana 
as an anthelminthic in sheep (Nogueira et al., 2014). 

The Brazilian Agricultural Research Agency has been 
increasing G. americana L. germplasm collection, 
characterization and conservation efforts through the 

genetic resource platform, which was started in 2009 with 
the creation of an active Germplasm Bank containing 195 
genotypes. Each conservation method has its 
advantages and disadvantages, and complimentary 
strategies are required to maximize the conservation of 
genetic diversity, which varies between species (Martin 
and Pradeep, 2003). 

G. americana L. is a perennial species, and the 
conservation of the genetic resources of this tree is 
mainly based on field collection due to its physiology. The
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species does not tolerate extreme desiccation; therefore, 
the behavior of G. americana L. during storage is less 
than optimal (Salomao, 2004; Magistrali et al., 2013).  

In the last few years, in vitro culture techniques for 
Germplasm Bank conservation have been widely 
developed and applied to more than 1,000 species, many 
of which come from tropical regions. In vitro culture is 
thought to be a very promising method for endangered 
species for which the seeds cannot be conserved and are 
valuable for conserving plant genetic material (Harding et 
al., 1997).  

Growth reduction is generally achieved by modifying 
the environmental conditions and/or the culture medium. 
The most widely applied technique is temperature 
reduction, which can be combined with a decrease in 
light intensity or culture in the dark. Tropical species are 
often cold-sensitive and have to be stored at higher 
temperatures, which depend on the cold sensitivity of the 
species. Modifications of the culture medium can include 
dilution of mineral elements, reduction of sugar 
concentration, changes in the nature and/or 
concentration of growth regulators and addition of 
osmotically active compounds (Engelmann, 2011).   

Slow-growth in vitro conservation protocols have been 
created for several species, including Plumbago indica 
(Charoensub and Phansiri, 2004), Guarianthe skinneri 
(Coello et al., 2009), Piper sp. (Silva and Scherwinski-
Pereira, 2011),  Gladiolus imbricatus (RAKOSI-TIAN et 
al., 2012), Musa balbisiana (Kanchanapoom and 
Promsorn, 2012), Lilium sp. (Yun-Peng et al., 2012), Vitis 
sp. (Silva et al., 2012), Glycyrrhiza glabra (Srivastava et 
al., 2013), Epidendrum chlorocorymbus  (Lopez-Puc, 
2013) and Cocos nucifera (Lédo et al., 2014).   

Numerous parameters influence the efficiency of in 
vitro slow growth storage protocols including the type of 
explants, their physiological state when entering storage, 
the type of culture vessel, its volume and the volume as 
well as the type of closure of the culture vessel (Engelmann, 
1991). Although there is no standard procedure for all the 
genotypes of all the species, it will be possible to develop 
adequate slow-growth methods that require little 
manipulation for other species. Recent studies have 
demonstrated the organogenic capacity of G. americana 
L. plants for in vitro propagation (Yee et al., 2010), but 
strategies for the in vitro conservation by minimal growth 
were not found in the literature. The aim of this study was 
to evaluate the effects of abscisic acid (ABA) and the 
concentrations of salt and sugar in Murashige and Skoog 
(MS) medium on reducing G. americana L. growth for in 
vitro conservation, as well as the effects of 
benzylaminopurine (BAP) on the regrowth phase.  

 
 
MATERIALS AND METHODS 

 
 Plant material and incubation conditions 

 
Seeds taken from the mature fruit of G. americana L., occurring in a  

 
 
 
 
natural population in Cruz das Almas, BA, Brazil (12°39’10.11’’S; 
39°07’19.02’’W)- CZA accession, were washed with running tap 
water for 30 min and maintained for 24 h at room temperature. The 
seeds were then disinfected in a laminar flow cabinet by immersion 
in 70% (v/v) ethanol for 60 s, followed by 20 min in 2.5% sodium 
hypochlorite (NaOCl) containing two drops of Tween 20. After that, 
the seeds were rinsed three times with sterile distilled water to 
remove minor amounts of disinfection liquid.  

Five seeds were inoculated into 250 ml flasks containing 30 ml of 
MS culture medium (Murashige and Skoog, 1962) with 30 g L-1 of 
sucrose and 4.5 g L-1 of PhytagelTM (Sigma-Aldrich Co, Saint Louis, 
MO, USA) to grow healthy plants for a period of 90 days, which 
were then used in all the experiments.  

The experiments were conducted in the Plant Tissue Culture 
Laboratory at Embrapa Tabuleiros Costeiros, Aracaju, Brazil. The 
pH of the culture media was adjusted to 5.8 ± 0.1, and the media 
were converted to gels with 4.5 g L-1 of PhytagelTM, followed by 
autoclaving for 20 min at a temperature of 121 ± 1°C and a 
pressure of 1.05 atm. The cultures were maintained in a 
temperature-controlled growth room at 25 ± 2°C, with an average 
relative humidity of approximately 70% and a light/dark cycle with 
12 h of light and a luminosity of 60 µmol m-2s-1.  
 
 
In vitro conservation of G. americana L.  
 
To study the effects of ABA and the salt and sugar concentrations 
of the MS culture on the in vitro growth, the in vitro-germinated 
plants were transferred to conservation media (CM) containing, for 
the assay 1, MS medium salts (Murashige and Skoog, 1962) 
supplemented with 30 g L-1 sucrose and one of five concentrations 
of abscisic acid (ABA) (0, 0.5, 1.0, 2.0 or 4.0 mg L-1). For the assay 
2, different MS salt and sucrose concentrations were used as 
follows: T1- MS medium + 30 g L-1 sucrose, T2- ½ MS + 15 g L-1 
sucrose, T3- ½ MS + 30 g L-1 sucrose, T4- ¼ MS + 15 g L-1 
sucrose, T5- ¼ MS + 30 g L-1 sucrose. All of the media were gelled 
with 4.5 g L-1 PhytagelTM.  
 
 
In vitro regrowth of G. americana L. 
 
Nodal segments (apical, medial and basal) from adventitious shoots 
taken from the G. americana L. plants conserved in vitro for 150 
days under the conditions described above were transferred to 
growth media. The explants were inoculated into 250 ml flasks, 
sealed with plastic lids, containing 30 ml of MS culture medium 
(MS) with 4.5 g L-1 PhytagelTM and supplemented with 0 to 1 mg L-1 
BAP and 30 g L-1  sucrose.  
 
 

Data collection and statistical analysis 
 
The length of the aerial portion (LAP), number of leaves (NL), 
number of leaves with abscissions (NLA) and culture viability (CV) 
were evaluated in the in vitro-conserved plants at 60, 90, 120 and 
150 days. The plant viability (plant response under conditions of 
limited growth) was quantified on a scale with the following 
categories: 5- the leaves and buds are completely green, 4- the 
leaves are starting to dry and die, 3- 30-50% of the leaves and buds 
are dry and dead, 2- more than 50% of the leaves and buds are dry 
and dead and 1- the leaves and buds are completely dead. The 
percentage of the explants with morphogenic responses was record 
after 50 days in the regrowth medium. The plants were considered 
to have a morphogenic response if they showed signs of direct or 
indirect organogenesis and/or callogenesis. 

The in vitro conservation assays had a completely randomized 
experimental design with five treatments and four replicates, and 
each treatment consisted of 20 flasks with one plant/flask. The
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Figure 1. (A) Number of leaves (NL); (B) Number of leaves with abscissions (NLA) on G. americana 
L. plants as a function of the ABA concentration after 150 days of in vitro culture.  

 
 
 
regrowth assays were completely randomized, while accounting for 
the factors in the in vitro conservation step (five treatments) 
combined with three types of explants and two concentrations of 
BAP (factorial 5 x 3 x 2) for a total of 30 treatments with three 
replicates each. An experimental parcel contained three flasks (one 
explant/flask). The data of the in vitro conservation assays 
containing ABA were used for the analysis of variance with the F-
test and to calculate the fitted equations using polynomial 
regression. The data of the in vitro conservation assay containing 
various amounts of MS salts and sucrose were submitted to an 
analysis of variance and compared with the Tukey test at 1 and 5% 
probability. The data from the regrowth assays were compared 
using the Tukey test at 5% probability. 

RESULTS AND DISCUSSION 
 
Effects of ABA, MS salts and sucrose concentrations 
on the in vitro slow-growth of G. americana L.  
 
ABA significantly affected the NL and the NLA on the G. 
americana L. plantlets. The NL exhibited a quadratic 
behavior with a gradual reduction as a function of 
increasing ABA concentration (Figure 1A), as seen, 
increasing concentrations of ABA led to increased NLAs 
(Figure 1B).  Although ABA affected the  NL  and  NLA,  a
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Table 1. Number of leaves (NL), length of the aerial portion (LAP), number of leaves with abscissions (NLA) and culture viability 
(CV) in different concentrations of MS salts and sucrose.  
 

Treatments NL LAP (cm) NLA CV 

    MS + 30 g L
-1 

sacarose 8.79±1.82
c
 4.69±0.62

b
 0.08±0.14

a
 4.10±0.63

c
 

½ MS + 15 g L
-1 

sacarose 9.46±1.57
bc

 5.37±0.40
a
 0.08±0.18

a
 4.73±0.35

ab
 

½ MS + 30 g L
-1

 sacarose 10.13±2.08
ab

 4.73±0.77
b
 0.05±0.10

a
 4.44±.52

bc
 

¼ MS + 15 g L
-1

 sacarose 11.00±1.76
a
 5.47±0.22

a
 0.15±0.56

a
 4.63±0.28

ab
 

¼ MS + 30 g L
-1

 sacarose 11.20±1.61
a
 5.12±0.26

ab
 0.00

a
 4.94±0.11

a
 

Probability (P > F) 0.00001 0.00001 0.5655 0.00001 

VC (%) 13.56 10.26 17.16 8.97 
 

Averages in the same column followed by the same letter are not significantly different at a 5% probability level according to the 
Tukey test. VC= Variation Coefficient. 

 
 
 

Table 2. Number of leaves (NL), length of the aerial portion (LAP), number of leaves with abscissions (NLA) and culture 
viability (CV) as a function of time cultured in different concentrations of MS salts and sucrose. 
 

Time (days) NL LAP (cm) NLA CV 

60 8.72±0.82
b
 4.916±0.45

a
 0.04±0.09

a
 4.78±0.35

a
 

90 9.32±1.51
b
 4.984±0.59

a
 0.03±0.08

a
 4.64±0.47

a
 

120 10.78±1.84
a
 5.127±0.60

a
 0.04±0.11

a
 4.51±0.51

ab
 

150 11.64±2.01
a
 5.273±0.64

a
 0.17±0.05

a
 4.33±0.55

b
 

Probability (P > F) 0.00001 0.0816 0.2453 0.0018 

VC (%) 13.56 10.26 17.16 8.97 
 

Averages in the same column followed by the same letter are not significantly different at a 5% probability level according to the 
Tukey test. VC= Variation Coefficient. 

 
 
 
significant effect on the LAP (cm) and plant viability were 
not observed.  

Although ABA participates in the regulation of many 
physiological processes of whole plants (Tuteja 2007), it 
is regarded as an inhibitor of plant growth and therefore 
usually used as a growth retardant in plant tissue culture 
(Engelmann, 1991; Rai et al., 2011). Various authors 
have pointed out that while exogenous ABA alone 
suppresses shoot regeneration, however the absence of 
effect on the length of the aerial portion it is possible is 
linked to genetic characteristics of this species. 

There was no significant increase in the variables 
analyzed as a function of in vitro culture time. ABA 
slowed G. americana L. plant growth (number of leaves) 
at the studied concentrations and may be a promising 
compound for in vitro conservation. Studies with higher 
concentrations of ABA should be conducted to evaluate 
the effect on deceleration of growth in length of the aerial 
part. Regarding the MS salts and sucrose concentrations, 
the analysis of variance revealed significant effects on 
the following variables: the NL, LAP and plant viability. 
The in vitro culture time did not significantly affect the 
LAP or NLA.  

We observed that treatments with ¼ of the MS medium 
salts, independent of the sucrose concentration, led to 
the formation  of  larger  leaves  in  the  plants  and   had 

greater results than the other treatments. The MS and ½ 
MS media with 30 g L

-1 
sucrose reduced the growth of the 

aerial portion (Table 1) while maintaining good plant 
viability.  

Decreasing the salt concentrations in the culture media 
led to an increase in plant development, as indicated by 
the LAP, contrary to what was expected and what has 
been observed in several species when used as an in 
vitro conservation strategy (Table 2). According to 
Malaurie and Borges (2001), reducing the concentration 
of mineral salts and sucrose in the culture medium allows 
for the maintenance of plants at a minimal growth rate. 
The opposite effects observed in this study can probably 
be explained by endogenous factors.  

Similarly, the culture media with ¼ MS salts and 15 or 
30 g L

-1
 sucrose show promise for creating in vitro 

germination protocols for G. americana L. that decrease 
production costs by requiring lower concentrations of MS 
salts than what is required for rapid plant growth (Table 
2). In addition, decreasing the salts improved plant 
viability, and the ¼ MS culture medium with 30 g L

-1 

sucrose had higher values than the other treatments.  
The in vitro culture time significantly affected the NL 

and viability. At 150 days, there were significantly more 
leaves than at the other time points (Table 2). However, 
the G. americana L. plants had better viability  at  60  and
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Figure 2. Rating scale for analyzing G. americana L. plant viability under slow-growth 
conditions, 5- the leaves and buds are completely green, 4- the leaves are starting to dry 
and die, 3- 30-50% of the leaves and buds are dry and dead, 2- more than 50% of the 
leaves and buds are dry and dead and 1- the leaves and buds are completely dead.  

 
 
 

Table 3. Percentage of the morphogenic response of various types of explants (regrowth medium) in the presence of 
ABA (conservation medium) after 50 days of culture in vitro.  
 

Types of explants Morphogenic response (%) 

Basal 78.34±24.84
b
 

Medial 90.00±19.03
ab

 

Apical 95.00±12.20
a
 

Probability (P > F) 0.0200 

VC(%) 19.11 
 

Averages in the same column followed by the same letter are not significantly different at a 5% probability level 
according to the Tukey test. VC= Variation Coefficient. 

 
 
 

90 days than at 120 and 150 days. Although the plant 
viability did decrease, the minimum value for this variable 
was 4.33 (Figure 2), indicating that the overall plants 
maintained excellent vigor over the culture period. The 
MS medium and the medium with ½ the concentration of 
MS salts with 30 g L

-1 
sucrose decreased the growth rate 

of the G. americana L. plants.  
 
 
Effects of type of explant and BAP on the in vitro 
regrowth of G. americana L. from CM containing ABA 
 
The type of explant and the interaction between the CM 
and BAP had significant effects during the in vitro 
regrowth of the plants. The presence of ABA in the CM or 
BAP and the other interactions did not significantly affect 
the morphogenic response. According to Table 3, the 
apical segment had the highest morphogenic response 
(93.33%), and the basal segment had the lowest 
response (78.34%). Overall, all of the explants had good 
morphogenic responses. Although ABA decreased the 
growth rate of the plants, the explants maintained their 
morphogenic potential during recovery. These results are 
different from those obtained by Silva and Scherwinski-
Pereira (2011), who showed that ABA negatively 
impacted regenerations from Piper sp. explants.  

The analysis of the morphogenic response as a 
function of ABA (in the CM) and BAP revealed  that  there 

was not a statistical difference between the explants 
grown in the presence or absence of BAP (Table 4). 
However, the explants with 0.5 or 2.0 mg L

-1 
of ABA 

during the conservation phase that were subcultured in 
the presence of 1.0 mg L

-1
 BAP had a greater 

morphogenic response than those maintained in the 
absence of this regulator. The explants maintained in the 
absence of BAP during the in vitro regeneration step had 
a larger organogenic response (84.44%). However, the 
explants in the presence of BAP had an 81.12% 
regeneration rate in vitro with an indirect organogenic 
response (Table 5).  For the factors of the type of explant 
and the CM (ABA), we observed a morphogenic 
response with direct and indirect organogenesis, but a 
higher percentage of the explants had direct 
organogenesis.  
 
 
Effects of type of explant and BAP on the in vitro 
regrowth of G. americana L. from CM with different 
sucrose and MS salts concentrations 
 
The CM, BAP and the CM x BAP interaction had a 
significant effect on in vitro regrowth in vitro, while the 
explant type and the other interactions did not. As shown 
in Table 6, the morphogenic response of the explants 
maintained in MS medium + 30 g L

-1
 sucrose or ½ MS + 

15 g L
-1

 sucrose during the conservation phase was lower 
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Table 4. Percentage of morphogenic response as a function of ABA (conservation medium) and BAP (regrowth medium) 
after 50 days of culture in vitro.  
 

Morphogenic response (%) 

ABA (mg L
-1

) 
BAP (mg L

-1
) 

0 1 

0 94.45±13.61
aA

 88.89
aA

 

0.5 66.68
aB

 94.45
aA

 

1.0 94.45
aA

 83.34
aA

 

2.0 77.78
aB

 100.00
aA

 

4.0 88.89
aA

 83.34
aA

 

Probability ( P > F) 0.0185 

VC (%) 19.11 
 

Averages followed by the same lowercase letter in columns and the same uppercase letter in are not significantly different at a 5% 
probability level according to the Tukey test. VC= Variation Coefficient. 

 
 
 

Table 5. Percentage of morphogenic response as a function of the type of explant, the presence or absence of  BAP (regrowth 
medium) and ABA (conservation medium) after 50 days of culture in vitro. 
 

Type of explants EOS (%) CALLO (%) DO (%) IO (%) 

Basal 21.67 0 38.33 40 

Medial 10 0 45 45 

Apical 6.67 1.67 55 36.67 

BAP (mg L
-1

) EOS (%) CALLO (%) DO (%) IO (%) 

0 15.56 0 84.44 0 

1 10 1.1 7.78 81.12 

ABA (mg L
-1

) EOS (%) CALLO (%) DO (%) IO (%) 

0 8.33 0 55.56 36.11 

0.5 19.44 0 41.67 38.89 

1.0 11.11 0 47.22 41.67 

2.0 11.11 0 38.89 50 

4.0 13.89 2.78 47.22 36.11 
 

EOS – Oxidized, contaminated and unresponsive plants; CALLO – callogenesis; DO – direct organogenesis; IO – indirect organogenesis.  
 
 
 

in the absence of BAP than in the other treatments. 
These results suggest that the plants maintained in 
media that slow growth during the conservation phase 
recover less, necessitating the addition of BAP during the 
regrowth phase. There was no difference between the 
morphogenic responses of the explants maintained in the 
different culture media containing BAP (1 mg L

-1
), as the 

media with ½ MS and 30 g L
-1

 sucrose or ¼ MS with 15 
or 30 g L

-1
 sucrose resulted in a 100% morphogenic 

response rate in the explants. The MS medium with 30 g 
L

-1
 sucrose and ½ MS with 15 or 30 g L

-1
 sucrose had 

lower morphogenic responses in the absence of BAP 
than in the presence of BAP (Table 7). The presence of 
1.0 mg L

-1
 BAP positively affected regrowth in vitro, with a 

significant increase in the morphogenic response of the 
explants grown in culture media containing the cytokine.  

The inclusion of BAP combined with sucrose and 
various concentrations of MS salts in the culture media 
also led to a greater morphogenic response in the 

explants with callogenesis. In the absence of BAP, more 
explants showed direct organogenesis (Table 7). 
Although, the G. americana presents open pollination and 
this aspect may have influenced the higher variation 
coefficient in the morphogenetic responses, due to 
greater variation genetics of explants, the type of explant 
and conservation medium considerably increased 
regeneration with callus formation and the number of 
explants with a direct organogenesis response. Further 
studies should be performed to determine the regrowth 
medium that promotes the most regeneration in explants 
maintained under these conditions during the 
conservation step. 
 
 
Conclusions 
 
This is the first report on in vitro conservation by 
slow-growth  of  G. americana L.,  and   our   study   is   a 
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Table 6. Percentage of morphogenic response of the explants from accession CZA as a function of the 
conservation medium and the presence or absence of  BAP (regrowth medium) after 50 days of culture in 
vitro. 
 

                                            Morphogenic response (%) 

Conservation medium 
BAP (mg L

-1
) 

0 1 

   MS + 30 g L
-1

 sacarose 16.67
cB

 75.0
aA

 

½MS + 15 g L
-1

 sacarose 61.11
bB

 94.45
aA

 

½MS + 30 g L
-1

 sacarose 72.22
abB

 100.0
aA

 

¼MS + 15 g L
-1

 sacarose 94.45
aA

 100.0
aA

 

¼MS + 30 g L
-1

 sacarose 88.89
abA

 100.0
aA

 

Probability ( P > F) 0.0212 

VC (%) 24.42 
 

Averages followed by the same lowercase letter in columns and the same uppercase letter in are not significantly 
different at a 5% probability level according to the Tukey test. VC= Variation Coefficient. 

 
 
 

Table 7. Percentage of morphogenic response as a function of explant type, the presence or absence of BAP (regrowth medium) 
and the conservation medium after 50 days of culture in vitro. 
  

Type of explants EOS (%) CALLO (%) DO (%) IO (%) 

Basal 35 41.67 23.33 0 

Medial 28.34 43.33 28.33 0 

Apical 26.67 16.67 38.33 18.33 

BAP (mg L
-1

) EOS (%) CALLO (%) DO (%) IO (%) 

0 43.33 0 56.67 0 

1 16.67 67.78 3.33 12.22 

Conservation medium EOS (%) CALLO (%) DO (%) IO (%) 

MS + 30 g L
-1

    sacarose 58.33 27.78 8.33 5.56 

½MS + 15 g L
-1

 sacarose 36.11 38.89 22.22 2.78 

½MS + 30 g L
-1

 sacarose 36.11 33.33 27.78 2.78 

¼MS + 15 g L
-1

 sacarose 13.89 36.11 47.22 2.78 

¼MS + 30 g L
-1

 sacarose 5.56 33.33 44.44 16.67 
 

EOS – Oxidized, contaminated and unresponsive plants; CALLO – callogenesis; DO – direct organogenesis; IO – indirect organogenesis. 

 
 
 
contribution to the germplasm conservation of 
this tropical multipurpose species. G. americana L. 
in vitro cultures can be conserved for five months 
in MS and ½ MS medium plus 30 g L

-1
 

sucrose 
without losing regeneration capacity. The inclusion of 1 
mg L

-1 BAP in the regrowth medium leads to a 
greater morphogenic response in explants taken from 
plants in slow-growth conditions. The apical, medial 
and basal nodal segments have morphogenic potential 
during the regrowth phase. Studies with higher 
concentrations of ABA should be conducted to evaluate 
the effect on deceleration of growth in length of the 
aerial part. 
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Salicylic acid (SA) is used in agricultural practices because it induces stress tolerance. The goal of this 
study was to determine the SA concentration in leaves, the change in catalase (CAT) activity and the 
change in total antioxidant capacity (TAC) that result from the exogenous application of SA (10

-4
 M) to 

tomato leaves every 15 days in a greenhouse with and without NaCl application. Fruit yield was also 
verified. Treatments included SA + 100 mM NaCl, SA + 0 mM NaCl, water + 100 mM NaCl, and water + 0 
mM NaCl. As a response to the foliar application of SA, the concentration of SA in leaf tissue exhibited 
a dynamic behavior that was similar to that reported when SA was induced by environmental stress. A 
similar phenomenon was observed for CAT and TAC activity after application of SA to leaves: CAT and 
TAC values increased at 24 h, reached their highest values at 48 h and began decreasing at 144 h, 
closely following the initial dynamics of SA concentration after each application. The spray application 
of SA in the absence of NaCl significantly increased the concentration of SA (up to 145 and 289% for 
the first and second application respectively) and CAT activity (up to 182% for the third application) in 
leaves, without affecting fruit yield. The application of SA in combination with 100 mM NaCl had the 
highest values of SA (up to 381 and 258% for the second and third application respectively) and CAT 
activity (up to 142 and 294% for the first and third application respectively), without changing 
consistently the TAC of the leaves and without any effect on fruit production. The application of 100 mM 
NaCl did not affects the CAT activity, TAC or SA into the leaves, or fruit production. 
 
Key words:  Plant stress tolerance, elicitors, salicylates, antioxidants. 

 
 
INTRODUCTION 
 
Salicylates are involved in the control of plant growth and 
development and also function as signals in 

environmental adjustment processes (Ashraf et al., 
2010). Salicylic acid (SA) is a natural plant salicylate that
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regulates growth and tolerance to abiotic (Hussain et al., 
2011) and biotic stresses. Specifically, SA aids in 
tolerance to biotic stress by regulating internal signals or 
activating genes that stimulate the production of various 
plant defense compounds, including those involved in 
responses to disease, pathogens and predators (Zhang 
et al., 2009). The application of exogenous salicylic acid 
(1) induces stress tolerance mechanisms, thereby 
improving the biological response of the plant to adverse 
growth factors (Poór et al., 2011) and (2) modifies a large 
number of metabolic and physiological responses, 
including the concentration of photosynthetic pigments, 
minerals, carbohydrates, proteins (Azooz and Yousef, 
2010), metabolites of the phenylpropanoid pathway 
(Mustafa et al., 2009) and certain antioxidants (Azooz, 
2009).  

The utilization of SA in agricultural practices has 
yielded beneficial results in diverse crops (Noreen and 
Ashraf, 2009; El-Khallal et al., 2009; Azooz and Youssef, 
2010), and it has become clear that the commercial use 
of these compounds decreases pesticide use 
(Esmailzadeth et al., 2008). Scientific literature and 
technical studies performed for the development and 
legal registration of products that contain such tolerance 
inductors as SA (with the objective of modifying tolerance 
to a certain environmental factor or increasing plant yield) 
describe the biochemical, physiological and 
morphological changes that occur in plants in response to 
the application or induction of SA (Azooz and Youssef, 
2010). However, little is known about SA concentration 
dynamics when it is applied exogenously to plant tissues, 
and the effect of SA on certain biochemical traits, such as 
antioxidant capacity, is unclear. This information would 
aid in improving the agricultural use of this compound.  

Our present study aimed to determine changes in (1) 
SA concentration, (2) catalase (CAT) activity and (3) total 
antioxidant capacity (TAC) after exogenous application of 
SA to tomato (Solanum lycopersicum L.) in a greenhouse 
under two salinity conditions (induced with NaCl). The 
effect of these factors on fruit production was also 
verified.  
 
 
MATERIALS AND METHODS 

 
Location of the assay 

 
The study was performed using the facilities of the Universidad 
Autónoma Agraria Antonio Narro, Buenavista, Saltillo, Coahuila, 
México. 

 
 
Plant material 
 
Tomato (Solanum lycopersicum L.) cv. Rio Grande (Petoseed) 
plants were used for all experiments. Seeds were planted in Berger 
BM2® commercial mix (thin peat:perlite:vermiculite 70:15:15 v/v) in 
polystyrene trays with 200 cavities. When the plants had produced 
three true leaves, the seedlings were transplanted to 20 L pots 
containing the same substrate. Plants were fertilized beginning on 

 
 
 
 
the fifth day after transplant using a Steiner solution (Steiner, 1961) 
diluted to 25%; when the first fruits appeared (35 days after 
transplant), full-strength (100%) Steiner solution was applied.  

 
 
SA and NaCl treatment and application 
 
Four treatments were utilized to examine the effects of two 
experimental factors: SA application to leaves and NaCl application 
to soil. SA was applied to leaves at a concentration of 10-4 M (13.8 
mg L-1) using reactive grade SA (C7H6O3, CAS 67-72-7, CTR 
Scientific, Mexico), and NaCl was applied to soil at a concentration 
of 0 or 100 mM in culture medium. The four treatments were as 
follows: (1) Application of SA to leaves + 0 mM NaCl to soil; (2) 
Application of SA to leaves + 100 mM NaCl to soil; (3) application of 
water to leaves + 100 mM NaCl to soil, and (4) Application of water 
to leaves + 0 mM NaCl to soil (control). Each treatment was 
repeated 50 times.   

Water and SA were applied to leaves at 15, 30 and 45 days after 
transplant during the early morning with a manual sprinkler using 
volumes that were large enough to achieve total coverage of the 
leaf area. A plastic barrier was set in between pots to prevent 
contamination between treatments.  

NaCl (CTR Scientific, Mexico) was added to Steiner nutritional 
solution (Steiner, 1961) and applied beginning at 10 days after 
transplant. This solution was applied every two days until day 30 
after transplant and daily thereafter until day 60. For all treatments, 
the substrate was washed every 10 days with water (1 L per pot) to 
avoid excessive accumulation of salts.   

 
 
Collection of plant material for the determination of salicylic 
acid content, catalase activity and total antioxidant capacity 
 
A single plant was one experimental unit, and the third completely 
developed leaf starting from the apex was used as a sample for 
evaluation. Plants that had already been sampled once were not 
used for subsequent evaluations. For each variable, treatment and 
sampling time, the leaves of two different plants (biological 
replicates) chosen at random were collected. 

Leaf material used for the determination of salicylic acid and 
catalase activity was collected prior to application of treatments and 
at 12, 24, 48, 144 and 240 h after SA application. Leaf samples 
used for measuring total antioxidant capacity were collected at 48 
and 144 h after SA application.   

Prior to SA determination, cut leaves were wrapped in aluminum 
foil and were immediately submerged in liquid nitrogen for 
subsequent storage at -80°C. Samples used for verifying catalase 
activity and total antioxidant capacity were placed in a cooler at 4ºC 
and in liquid nitrogen, respectively, and were taken to the laboratory 
to be processed immediately.  

 
 
Determination of SA 
 
SA determination was performed using the modified method of 
Forcat et al. (2008), which involves (1) preparation of the sample for 
extraction and (2) determination of the SA concentration in the 
obtained extract. For (1), frozen plant material was ground in a 
mortar using liquid nitrogen. Ground material (0.05 g) was 
subsequently placed in a 1.5 ml microcentrifuge tube and 1 ml of 
extraction solution (10% methanol, 1% acetic acid, 89% distilled 
water) was added. The sample was subsequently vortexed for 20 s 
in a vortex mixer (Scientific products), degassed for 5 min in a 
Bramson gas stripper (model 1510) and centrifuged in a 
microcentrifuge (Labnet International, model 24D) for 10 min at 
10,000 x  g  (10,400  rpm).  After  this  procedure,  the   translucent 



 
 
 
 
supernatant was extracted with a manual pipette and placed into a 
fresh microcentrifuge tube. The sample was re-extracted thereafter 
with 0.5 ml of the extraction solution; thus, approximately 1.5 ml of 
solution containing the compound of interest was obtained. This 
solution was filtered through a 0.45-µm syringe-driven filter unit 
(Millipore), and the SA content was determined with an Agilent 
1120 liquid chromatograph (LC) using the EZChrom Elite Compact 
software version 3.3.0B (Agilent 2005-2008). An aliquot (20 µl) was 
injected into the LC, and the separation was performed using a 
Phenomenex Luna C18 column (100 × 20 mm) at 35°C using two 
solvents: A (94.9% H2O: 5% CH3CN: 0.1% HCOOH) and B (5% 
H2O: 94.9% CH3CN: 0.1% CHOOH). A gradient from 0 to 100% B 
was run over 10 min. Each leaf sample was analyzed twice. The 
results obtained from the chromatograph (in mg L-1 of SA) were 
converted to µg of SA per g fresh weight.  
 
 
Determination of CAT enzymatic activity 
 
Determination of CAT activity was performed on the same day that 
leaf samples were collected using the technique described by 
Masia (1998). Using an AHUS Pioneer analytical balance, 0.5 g of 
leaf tissue was weighed and subsequently macerated in a mortar 
prior to the addition of 50 mg of polyvinylpyrrolidone (Sigma-Aldrich) 
and 5 ml of phosphate buffer solution (100 mM, pH 7.0). The 
sample was aliquoted into microcentrifuge tubes and centrifuged in 
a microcentrifuge at 11,000 x g (11,440 rpm) for 11 min. The 
supernatant was diluted 1:10 with distilled water. From the resulting 
solution, 1 ml was removed, mixed with 3 ml of 300 μM phosphate 
buffer and added to 1 ml of H2O2 (100 µM). The reaction between 
CAT and H2O2 was terminated after one minute by applying 10 ml 
of 2% sulfuric acid. This was then titrated with 0.01 N potassium 
permanganate. Using the same procedure, a blank was produced 
with distilled water. Catalase activity was determined with the 
following formula:  
 
  

 

 

 

              (TV-MV) (KMnO4 concentration)                             .        

(Sample / ml of NaKPi)(FD sample / final NaKPi ml) 

 

CAT = 

 

 

 

 

              (TV-MV) (KMnO4 concentration)                             .        

(Sample / ml of NaKPi)(FD sample / final NaKPi ml) 

 

CAT = 
 

 

 
 
where TV = volume of KMnO4 consumed in the blank (ml); MV = 
volume of KMnO4 consumed in the sample (ml); KMnO4 
concentration is given in moles; sample = weight of tissue used; 
NaKPi = sodium phosphate buffer (5 ml); FD sample = final sample 
dilution; final NaKPi = final amount of sodium phosphate buffer 
used (8 ml). One unit of catalase was defined as the amount of 
enzyme required to decompose 1 µM of H2O2 per min per g of 
tissue (Masia, 1998). 
 
 
Determination of TAC 
 
Determination of TAC was performed on the same day that leaf 
samples were collected using the technique described by Ramírez 
et al. (2006). The leaves were frozen in liquid nitrogen and ground 
in a mortar, and 4 g of the sample was added to 8 ml of 100 mM 
phosphate buffer (pH 7.0). Next, the sample was vortexed for 2 min 
using a vortex mixer (Scientific products) and centrifuged at 2880 x 
g (3000 rpm) for 10 min. The Calbiochem® Total Antioxidant Status 
Assay Kit (Miller et al., 1993) was used for determination of total 
antioxidant capacity. Briefly, an aliquot (20 µl) of the supernatant 
(extract) was combined with 1 ml of the chromogen (metmyoglobin 
+ ABTSTM), and the absorbance of the resulting solution was 
determined at a wavelength of 600 nm using a spectrophotometer 
(Jenway, model 6320D). Absorbance values were also determined 
for a blank (distilled water) and a standard (Trolox: 6-hydroxy-2, 5, 
7, 8-tetramethyl-chroman-2-carboxylic acid, 2.03 mM). After 3 min, 
200 µl of the substrate (stabilized hydrogen peroxide) was added to  
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the experimental, blank and standard samples, and the absorbance 
at 600 nm was read again to obtain differential (∆) measurements 
(∆ = initial absorbance – absorbance after 3 min). The total 
antioxidant capacity equivalent to Trolox (mM) was determined 
using the following formula:    
 

 

 

 

 

(Concentration of the standard)(∆ Blank - ∆ Sample) 

(∆ Blank - ∆ Standard) 

 

TAC  = 
 

 
 
Determination of fruit production 
 
Fruit from ten plants exposed to each treatment were collected for 
five harvests, which determined the total amount of fruit produced 
between 73 and 105 days after transplant (in g plant-1). The fruit 
were weighed with a digital analytical balance (Explorer Pro).  
 
 
Experimental design and statistical analysis 
 
The experiment was performed using a randomized complete block 
design with two replicates. A single plant was the experimental unit, 
and two plants per assessment per treatment were considered. A 
total of 50 plants were included in each treatment.  

A Wilcoxon matched-pairs test (Statistica for Windows, version 
6.0) was used to ascertain differences between the concentrations 
over time of different compounds into the leaves. Similarly, a cross-
correlation function test (Statistica for Windows, version 6.0) was 
applied to the concentration data to determine possible correlations 
between the levels of SA and CAT. The results from each sampling 
period were compared using an analysis of variance and a multiple 
comparison Tukey test to compare means (p ≤ 0.05) (Statistical 
Analysis System for Windows, version 9.0).  

 
 
RESULTS AND DISCUSSION 
 
Change in SA concentration in leaves 
 
The Wilcoxon test indicated a statistically significant 
difference (p ≤ 0.05) between the treatments. The 
exogenous application of SA to leaves resulted in the 
highest concentrations of this compound into the leaves 
(Figure 1) and the salinity condition (100 mM NaCl) did 
not alter the SA levels into the leaves. Treatments without 
SA resulted in the lowest SA concentrations into the 
leaves, and again the salinity condition (100 mM NaCl) 
did not have any effect. Similar results were reported by 
Szalai and Janda (2009) who applied 50 and 100 mM 
NaCl to corn seedlings (Zea mays L.) and observed no 
increase in the concentration of leaf SA. Additionally, 
Hussain et al. (2011) applied 50 mM NaCl to violets 
(Viola odorata L.) without observing an increase in SA 
concentration in leaves, and Iqbal and Ahsraf (2006) did 
not observe a significant change in SA concentration in 
wheat seeds (Triticum aestivum L.) that were germinated 
in a culture medium containing 150 mM NaCl (electrical 
conductivity of 15 dS m

-1
). It is possible that the detection 

of significant changes in SA concentration depends on 
(1) the timing of sampling and the NaCl concentration 
applied and (2) the specific stage of plant development 
and the species under study.  
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Figure 1. Dynamics of salicylic acid concentration in tomato (Solanum lycopersicum L.) leaves as a response to exogenous SA application 
at 10-4 M (13.8 mg L-1) every 15 days under two conditions of salinity (0 and 100 mM NaCl in the culture medium). 1The averages marked 
with the same letter are statistically similar (Tukey test, p < 0.05).  

 
 
 

When comparing different sampling times (Figure 1), 
where was sprayed SA to plants without salinity 
conditions the SA concentration in leaf tissue was highest 
at 24 h after the first SA application, at 12 and 24 h after 
the second application and at 12, 24, and 48 h after the 
third application (Figure 1). The SA concentration 
subsequently decreased and was approximately equal to 
the control plants at 48 h after the first and second 
applications and 144 h after the third application. 
Although SA treatments resulted in similar increases in 
leaf SA levels in all sampling events regardless of the 
concentration of NaCl applied, we observed significant 
differences (p ≤ 0.05) between the treatments at 24 h 
after the first application and at 12, 24, and 48 h after the 
third application, with the highest SA values being 
observed in cases where NaCl was added (Figure 1). A 
similar response was described by Esmailzadeth et al. 
(2008), who applied SA (400 µM) to tomato leaves 
infected by Alternaria alternata and observed the lowest 
SA values when SA and the pathogen were applied 
separately. The significant increase in SA concentration 
in saline-stressed leaves upon foliar SA application (SA 
on the leaves + 100 mM NaCl in the substrate) could be 
attributed to the known function of SA as a stress 
signaling compound and to the induction of a resistance 
response (Iwai et al., 2007). Plants exposed to the control 
treatment did  not  show  significant  variation  in  leaf  SA 

concentration throughout the study. 
Similar to what was observed in our experiments, an 

increase and subsequent decrease in SA levels was 
reported by He et al. (2007) in bean leaves (Phaseolus 
vulgaris L.) when adding the mite Tetranichus urticae and 
by Ogawa et al. (2010) in Arabidopsis thaliana leaves 
when applying mechanical stimuli. These authors also 
observed peak SA concentrations 24 h after the stimulus 
was applied with a subsequent decrease in 
concentration. This decrease in detectable SA (after a 
concentration peak) after all applications may be due to 
the transformation of SA into conjugated forms (Klämbt, 
1962), which would mainly include salicylic and benzoic 
glucosides (Mustafa et al., 2009; Owaga et al., 2010), 
methylated forms or forms activated with coenzyme A. 

The concentrations of foliar SA determined in the 
present study are similar to those reported by He et al. 
(2007) in bean leaves 24 h after infestation with T. urticae 
mites, with a maximum SA value of 12 µg g

-1 
of fresh 

weight. Shulaev et al. (1995) observed maximum SA 
concentrations equivalent to 10 µg g

-1
 fresh weight in 

tobacco plants (Nicotiana tabacum L.) infected with 
tobacco mosaic virus (TMV) with an increase in SA 
concentration in tissue closest to the infection site 144 h 
after the infection began. Moreover, Iwai et al. (2007) 
determined an SA concentration of 7.3 µg g

-1 
fresh weight 

when applying probenazole to rice plants (Oryza sativa
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Figure 2. Dynamics of the enzymatic activity of catalase (CAT) in tomato (S. lycopersicum L.) leaves in response to 
exogenous application of salicylic acid (SA) at 10-4 M (13.8 mg L-1) every 15 days under two conditions of salinity (0 
and 100 mM NaCl in the culture medium). A CAT unit is defined as the amount of enzyme that decomposes 1 µM of 
H2O2 per minute at 25°C. 1The averages marked with the same letter are statistically similar (Tukey test, p ≤ 0.05).   

 
 
L.). Endogenous concentration of SA may depend on the 
plant species in question, the concentration of applied 
SA, and the conditions under which the trials are 
performed, although the apparent transformation of a 
fraction of the free SA into conjugated forms is consistent 
even if a high concentration of SA is applied and/or 
measurements are obtained as early as 30 min (Norman 
et al., 2004). Even at the lowest concentrations, peaks 
and declines are observed (Figure 1) which leads to the 
assumption that SA is incorporated into conjugated 
molecules, as observed by Yalpani et al. (1991), who 
reported SA concentrations of 0.35 µg g

-1 
dry weight in 

tobacco leaves (Nicotiana tabacum L.) 144 h after 
infecting plants with TMV. 

.   
 
CAT activity 
 
The Wilcoxon test indicated a statistically significant 
difference (p ≤ 0.05) in CAT activity among the different 
treatments. The two treatments in which NaCl was 
applied showed the highest CAT activity, and this activity 
was not affected by SA application. The two treatments in 
which NaCl was omitted induced a lower level of CAT 
activity than the ones above and did not differ from each 
other, which indicates that compared with SA; NaCl has a 
greater effect on CAT. Furthermore, when comparing the 
different sampling times (Figure 1), the highest CAT 
activity was consistently observed following treatment 
with both NaCl and SA (Figure 2). This apparent 
synergistic effect of NaCl and SA on CAT activity agrees 
with studies using maize (El-Khallal et al., 2009), and 

Vicia faba (Azooz, 2009).  It is possible that the effect of 
foliar SA on CAT activity is related to the interaction 
between SA and reactive oxygen species (ROS) formed 
during oxidative stress induced by NaCl (Miller et al., 
2010). To verify this finding, a cross-correlation between 
two time series was performed, which yielded a 
significant positive correlation (R=0.571) between the 
dynamics of foliar SA concentration and CAT activity in 
the treatment with NaCl and SA. The correlation was not 
significant (p > 0.05) for any of the other treatments. This 
result may indicate that the interaction of SA and NaCl 
modifies the redox balance by stimulating the formation 
of ROS and H2O2, which, in turn, stimulates the 
accumulation of antioxidant enzymes, such as CAT 
(Miller et al., 2010). 

The changes in CAT activity following foliar SA applica-
tion maybe were related to increases in the concentration 
of free radicals or compounds derived from them, such as 
H2O2 (Srivalli et al., 2003). Furthermore, Feieraband and 
Dehne (1996) indicated that the decreases following 
peaks of maximum CAT activity may result from the 
presence of a greater number of antioxidant molecules, 
such as peroxidase ascorbate, as was observed in corn 
by El-Khallal et al. (2009). Alternatively, the activity of 
proteases that degrade CAT may be induced by high 
levels of (or long periods of exposure to) a particular 
stress factor (Noreen and Ashraf, 2009).  

 
 

Total antioxidant capacity (TAC) 
 
The Wilcoxon test indicated statistically significant
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Figure 3. Dynamics of the concentration of total antioxidant capacity (TAC) in tomato (Solanum lycopersicum L.) 
leaves in response to the exogenous application of salicylic acid (SA) at 10-4 M (13.8 mg L-1) every 15 days 
under two conditions of salinity (0 and 100 mM NaCl in the culture medium). 1The averages marked with the 
same letter are statistically similar (Tukey test, p ≤ 0.05).   

 
 
 
differences (p ≤ 0.05) between the treatments. Foliar 
application of SA induced the highest level of TAC in one 
sample at 144 h after application, while the application of 
NaCl did not have any effects. This response is attributed 
to the capacity of SA to modify the cellular redox balance 
by activating certain responses associated with oxidative 
stress, which, in turn, trigger the accumulation of 
antioxidant compounds (Alvarez, 2000). 

The TAC of the foliar extract obtained at the different 
sampling times was higher at 144 h after first application 
in the SA application with or without salinity condition, 
and at 48 h after third application (Figure 3). We have no 
explanation about the increase of TAC in control 
treatment at 144 h after the second and third application, 
maybe has relation with an increase of midday maximum 
temperature into the greenhouse from 30 to 34°C, which 
could give rise to changes in the concentration of 
antioxidants (Sairam et al., 2000; Almeselmani et al., 
2006).  
 
 
Fruit production 
 
Fruit production from the  five  cuts  was  not  significantly 
different (p > 0.05) between plants exposed to the control 
treatment and those treated with foliar SA applications 
(Figure 4). Other authors reported increases in fruit yield 
(Yildirim and Dursan, 2008) after SA application. 
However, SA induces a wide range of metabolic 
responses that are generally directed toward adjusting 

the redox balance in the photosynthetic machinery under 
conditions of environmental stress. In the case of stress 
induced by salinity, adjustments are primarily made in the 
levels of antioxidant compounds that alleviate oxidative 
stress, and these adjustments do not always result in an 
increase in fruit yield (Joseph et al., 2010). 
 
 
Conclusions 
 
Foliar application of salicylic acid to tomato plants 
showed a residual effect in the concentration of this 
compound in leaves that lasted up to 48 h after 
application. The effect was evident in plants with and 
without NaCl treatment. According to the results of this 
assay, SA applications on tomato should be performed 
within a minimum interval of six to 10 days in order to 
maintain the SA concentration higher than the basal 
ones. The addition of 100 mM NaCl to the nutritive 
solution did not modify the catalase activity, the total 
antioxidant capacity, salicylic acid concentration in leaves 
or fruit production. This trend was modified by the 
application of salicylic acid, which in combination with 
NaCl application increased the salicylic acid 
concentration, catalase activity and the total antioxidant 
capacity on leaf tissue but did not modify fruit production. 
The application of salicylic acid over plants in absence of 
NaCl stress increased the catalase activity and the total 
antioxidant capacity of foliar tissue without modifying fruit 
production.  
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Figure 4. Tomato fruit production (g/plant) harvested between 73 and 105 days after plants 
were subjected to exogenous application of salicylic acid (SA) at 10-4 M (13.8 mg L-1) and 
NaCl at 100 mM. 1The averages marked with the same letter are statistically similar (Tukey 
test, p > 0.05). 
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This study aimed to evaluate cowpea genotypes for adaptability and stability of grain yield using 
different methods, in order to support the launch and/or cultivars recommendation for agribusiness in 
the Brazilian Midwest. Trials were conducted from 2010 to 2012 in four locations, totaling eight 
environments. We evaluated 20 cowpea genotypes arranged in a randomized block design with four 
replications. Studies of adaptability and stability of cowpea genotypes were estimated using different 
methods. The environments A1, A5, A6 and A8 are the most appropriate for selecting superior 
genotypes for adaptability and stability. The genotypes MNC03-737F-5-1 BRS-Tumucumaque, BRS-
Guariba, MNC02-684F-5-6, MNC03-725F-3, MNC02-682F-2-6, BRS-Cauamé, BRS-Itaim and MNC03- 737F-
5-11 showed adaptability and stability sufficient for recommendation for the region. Eberhart and 
Russell, Lin and Binns and AMMI methods can be used as a complementary way to better predict the 
genotype performance. 
 
Key words: Genotype, environment interaction, selection Vigna unguiculata.  

 
 
INTRODUCTION 
 
Cowpea (Vigna unguiculata (L.) Walp.) has a great 
socioeconomic importance, both as food and as a 
generator of employment and income. It is rich in protein, 
minerals and fiber (Frota et al., 2008) and constitutes a 
basic food component of rural and urban populations in 
North and Northeast of the Brazil. Currently the use of 
cowpea has expanded more intensively to the Midwest 
region of Brazil. 

Small farmers, who still practice traditional farming, 
cultivate cowpea, in North and Northeast of the Brazil. 
Large scale cultivation of cowpea in the states of Mato 
Grosso and Mato Grosso do Sul, in the Brazilian Midwest 
began from 2006, and the production comes mainly from 
medium and large entrepreneurs, who adopt   modern 
technologies for crop production with an average 
productivity of 960 kg ha

-1
 (Freire Filho et al., 2011).
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Table 1. Characteristics of each experimental environment. 
 

Environments Year Municipality Altitude (m) Latitude Longitude Biome Climate Soil 

A1 2010 Aquidauana 430 22°01’S 54°05’W Pantanal AW Oxisol red 

A2 2010 Chapadão do Sul 790  18°05’S 52°04’W Cerrado AW Oxisol red 

A3 2010 Dourados 147  20°03’S 55°05’W Mata Atlântica CW Utisol red 

A4 2011 Chapadão do Sul 790  18°05’S 52°04’W Cerrado AW Oxisol red 

A5 2011 Dourados 147  20°03’S 55°05’W Mata Atlântica CW Utisol red 

A6 2011 Chapadão do Sul 790  18°05’S 52°04’W Cerrado AW Oxisol red 

A7 2012 Aquidauana 430  22°01’S 54
o
05’W Pantanal AW Oxisol red 

A8 2012 Dourados 147  20°03’S 55°05’W Mata Atlântica CW Utisol red 

 
 
 

An understanding of the genotype and environmental 
interactions in cow pea is important both for crop 
improvement and to ascertain the performance of 
genotypes to variations in the environmental factors. 
Despite of its importance most studies on cowpea have 
neglected the interactions between genotypes and 
environment, not providing detailed information on the 
performance of each genotype front to environmental 
variations. An analysis of adaptability and stability is 
essential to identify varieties with predictable 
performance and that are responsive to environmental 
variations in specific or wide conditions, making more 
reliable the recommendation of cultivars (Cruz et al., 
2012). 

Adaptability refers to the ability of genotypes to take 
advantage of the existing environmental conditions, 
whereas stability relates to the ability of a genotype 
response in a highly predictable manner to an 
environmental condition (Cruz et al., 2012). The choice of 
methods used for analysis depends on the experimental 
data, mainly related to the number of available 
environments, the precision required and the type of 
desired information. Several methods have been used to 
study the adaptability and stability of genotypes in 
cowpea (Ojo et al., 2006; Akande, 2007; Rocha et al., 
2007; Barros et al., 2013).  

The main purpose of a breeding program is launch 
superior cultivars to those existing. Thus, the lines are 
intensively evaluated for several agronomic characters. 
However, the relative ranking of the lines, in most cases, 
is not consistent, since variations may occur because of 
the interactions between genotype and environment. 
Therefore, this interaction takes leading role in the 
process of cultivar recommendation. In this way, cultivars 
with high yielding potential and good adaptability and 
stability, could be recommended with greater reliability for 
Brazilian regions. 

Though several previous studies on cowpea have 
shown high genetic divergence (Santos et al., 2014a), as 
evidenced through correlations and path analysis (Santos 
et al., 2014b), there are few studies about the adaptability 
and stability of cowpea genotypes. Therefore, the aim of 
this study was to evaluate selected cowpea genotypes for 

the adaptability and stability of grains using different 
methods, in order to introduce and/or recommend 
cultivars for the crop agrobusiness in the Brazilian 
Midwest. 
 

 
MATERIALS AND METHODS 
 

Trials were conducted from February to July of 2010, 2011 and 
2012 in the municipalities of Aquidauana, Chapadão do Sul and 
Dourados, located in the Midwest region of the Brazil. The trials in 
Chapadão do Sul were carried out only in 2010 and 2011, totaling 
eight environments (Table 1). It was used a randomized block 
design with four replications and 20 genotypes. Experimental plot 
consisted of four rows with five meters of length, spaced 0.50 m 
apart, considering as useful area the two central lines. The seeds of 
cowpea genotypes used in the trial were obtained from the 
Embrapa Meio-Norte, which included 16 pure lines and four 
commercial cultivars. 

The trials were carried out in February, April and March, in 
Dourados, Aquidauana and Chapadão do Sul, respectively. 
Fertilization at the time of sowing consisted of 200 kg ha-1 of the 
commercial formulates 04-20-20 of NPK. One week after seedling 
emergence manual thinning was done, allowing eight plants per 
meter.  

Data were subjected to joint analysis of variance and subsequently the 
adaptability and stability analysis through the methods of Eberhart and 
Russell (1966), Carneiro (1998) and AMMI model (Gauch and Zobel, 
1988). Eberhart and Russell’s (1966) regression adopted was Yij = mi + biIj 
+ dij + eij, wherein Yij is the mean observed of the genotype i in the 
environment j; dij is the regression deviation of the genotype i in the 
environment j; eij is the mean error associated with the average. The 
environmental index was estimated according to the equation Ij = 

mj YY  , with



n

1j

j 0I , wherein mY  is the overall mean; jY  is the 

mean in the environmental j; n is the number of environments. 
According to Eberhart and Russell (1966) method, genotype 

adaptability was measured by the parameter β1i, while the behavior 

stability was evaluated by the variance of the regression deviations (²di) 
and by coefficient of determination (R²) that, according to Cruz et al. 

(2012), is an auxiliary measure for assessing stability. When ²di is 
significant and R² is higher than 80%, R² indicates acceptable 
predictability. 

Carneiro (1998) adopts thr Pi measure as the mean square 
distance between the genotype i and the genotype with maximum 
response to the environment j, in the following way: 







n

1j

jij

i
2n

)²M(Υ
P

, wherein Pi is the superiority index of genotype i;  
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Table 2. Resume from the joint analysis of variance according to Eberhart and Russell method, regarding to yield grain (kg ha -1), of 
20 cowpea genotypes obtained in eight environments, from 2010 to 2012. 
 

Sources of variation Degrees of freedom F-value % variation 

Environment (E) 7 258.88* 78.27 

Genotype (G) 19 7.34* 6.02 

G x E 133 2.73* 15.70 

     E/G 140 15.54* - 

     Linear E 1 1812.14* 83.29 

     Linear G x E 19 3.95* 3.44 

     Combined deviation (E/G) 120 2.40* 13.25 

Residue 477 - - 
 

*Significant (P ≤ 0.01) by F-test. 

 
 
 
Yij is the yield of the genotype i in the environment j; Mj is the yield 
of the genotype with maximum response among all genotypes in in 
the environment j; n is the number of environments. This expression 
can be unfolded into: 

2n

])²ΜMΥ(Υ)²M[n(Υ

P

n

1j

gjgijgi

i






 , 

wherein Yg is the mean of the genotype i and Mg is the mean of the 
genotypes with maximum response. Considering that Mj represents 
a hypothetical genotype, the first term of the equation is the sum of 
squares for the genetic effect and the second is the sum of squares 
of the genotype x environment interaction. 
In AMMI-biplot analysis, we considered the genotype and 
environments effects as fixes and the model according to the 
equation: 

ijεραγλagμY ijjk

n

1k

ikkjiij  


wherein: Yij: is 

the average response of the i-th genotype ( i = 1,2, ... ,G 

genotypes) in the j-th environment (j = 1,2, ... , A environments);
μ

: 

the overall mean of the trials; ig
: i-th genotype effect; ja

: j-ésimo 

environment effect; kλ : k-th singular value (scalar) of the original 

interaction matrix (named by G x E); ik
: element corresponding 

to i-th genotype in k-th matrix column singular vector GE; jk
: 

element corresponding to j-th environment in k-th matrix line 

singular vector GE; ij
: noise associate to term (ga)ij of the classic 

genotype i with environment j interaction; ije
: average 

experimental error. For defining the number of axes to be retained 
in order to explain the pattern related to interaction, we adopted the 
criteria proposed by Gauch and Zobel (1988), taking into 
consideration the proportion of the sum of squares from the 
interaction (SSG x E) accumulated until the n-th axis. Thus, the 
stopping point that determines the model selection for each family 
member of AMMI models (AMMI0, AMMI1,..., AMMIn) was obtained 
based on the significance of the F tests from Gollob (1968).  

The interpretation of adaptability and stability of genotypes and 
environments, that is, its coordinates in the main axes of interaction 
(IPCA) was based on biplot graphical analysis (Gabriel, 1971), 

graph that contains two categories of points or markers; in case, 
one referring to genotypes and other to environment. First, we 
proceeded the graphic interpretation in biplot based on the variation 
of the main additive effects of genotype and environment and 
multiplicative effect of G x E interaction, and subsequently the 
interpretation based only on the multiplier effect of G x E 
interaction. All analysis were performed with Genes software (Cruz, 
2013). 
 
 

RESULTS AND DISCUSSION 
 

In the joint analysis (Table 2), all effects were significant 
(P≤0.01), which indicates contrasts between the 
environments and the occurrence of differential response 
of genotypes across to environmental effects. This can 
be confirmed by looking up soil and climatic 
characteristics of each environment (Table 1), showing 
differences in altitude, latitude, longitude, climate and soil 
type, besides climatic effects such as precipitation and 
temperature. The existence of significant genotype x 
environment for grain yield that the analyzes of stability 
and adaptability are appropriate, the fact that the 
edaphoclimatic are the factors that most influence the 
adaptability and stability of genotypes. 

We observed that the magnitude of environmental 
effect (78.27%) was more important than the effect of the 
G x E interaction (15.70%), and which was greater than 
the effect of genotypes (6.02%). These results indicate 
the existence of variability among the evaluated 
environments, and consequently, the performance of 
genotypes, justifying a more detailed study on the 
individual performance of cultivar in order to identify the 
magnitude of their interactions with the environment. 
These results are similar to those reported by Akande 
(2007), Sarvamangala et al. (2010) and Nunes et al. 
(2014). 

Combined deviations were highly significant (P ≤ 0.01), 
indicating the stability of the linear and nonlinear 
components involved in the phenotypic performance of 
the genotypes in the environments under study. It is 
perceived that only a small part of the G x E interaction 
can  be  explained   by   the   linear   relationship   among
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Table 3. Overall means ( ), estimates of coefficients of regression ( ), regression deviations ( ) and coefficients of determination 
(R2), according to Eberhart and Russell method, regarding to yield grain (kg ha-1), of 20 cowpea genotypes obtained in eight environments, 
from 2010 to 2013. 
 

Identification Genotypes  (1)
 

(2)
 R² (%) 

G1 MNC02-675F-4-9 802 
b
 1.00

ns
 3934.40

ns
 91.85 

G2 MNC02-675F-4-2 785 
b
 0.92

ns
 11221.45

ns
 87.50 

G3 MNC02-675F-9-2 698 
b
 0.94

ns
 -12555.85

ns
 98.27 

G4 MNC02-675F-9-3 782 
b
 1.06

ns
 11184.20

ns
 90.33 

G5 MNC02-676F-3 886 
a
 0.88

ns
 21179.47* 82.31 

G6 MNC02-682F-2-6 916 
a
 0.65

ns
 36334.69** 64.51 

G7 MNC02-683F-1 744 
b
 0.76

ns
 27218.04* 75.34 

G8 MNC02-684F-5-6 895 
a
 0.85

ns
 -1238.08

ns
 91.74 

G9 MNC03-725F-3 874 
a
 1.09

ns
 17291.85

ns
 88.94 

G10 MNC03-736F-7 668 
b
 0.69

ns
 18750.77* 75.67 

G11 MNC03-737F-5-1 910 
a
 1.44** -1636.31

ns
 96.99 

G12 MNC03-737F-5-4 859 
a
 1.28

ns
 -9581.43

ns
 98.26 

G13 MNC03-737F-5-9 873 
a
 1.27

ns
 6974.84

ns
 94.05 

G14 MNC03-737F-5-10 696 
b
 1.16

ns
 20888.70* 89.23 

G15 MNC03-737F-5-11 897 
a
 1.23

ns
 62718.19** 81.14 

G16 MNC03-737F-11 815 
b
 0.79

ns
 32107.30** 74.62 

G17 BRS-Tumucumaque 1.173 
a
 0.92

ns
 21851.01* 83.61 

G18 BRS-Cauamé 896 
a
 0.87

ns
 41770.17** 74.74 

G19 BRS-Itaim 883 
a
 1.02

ns
 54517.18** 76.77 

G20 BRS-Guariba 1.031 
a
 1.08

ns
 28622.44* 85.59 

- Mean 854,53 
 
ns

, ** and *: not significant, significant a 1 and 5% of probability respectively;
 (1), (2)

: significant by t-test; significant by F-test, respectively; Means 
followed by the same letter in the same column do not differ by the Skott and Knott test. 
 
 
 
genotypes and environments, indicating that the G x E 
interaction is not adequately explained by the regression. 

The average grain yield (β0) ranged from 668 to 1,173 
kg ha

-1
 for genotypes MNC03-736F-7 and BRS-

Tumucumaque, respectively, with overall mean of 854.53 
kg ha

-1
, standing out with better adaptation those 

genotypes with average yield grain above this mean such 
as BRS-Guariba, MNC02-682F-2-6, MNC03-737F-5-1 
and MNC02-676F-3 (Table 3). 

Considering the twelve genotypes that showed better 
adaptation (β0 > overall mean), similar to the unit, 
indicating that the genotypes had wide adaptability to the 
evaluated environments. The genotype MNC03-737F-5-1 
proved to be very effective in increasing average yields 

under unfavorable conditions ( > 1), suggesting that it 
has a great ability to adapt to stressful environment. 
However, the use of this should be careful, since, to 
unsuitable environmental conditions, i.e., in regions 
involving low technological level and/or subject to soil and 
climatic variations, it yield can be reduced. The 
genotypes MNC02-676F-3, MNC02-682F-2-6, MNC02-
684F-5-6, MNC03-725F-3, MNC03-737F-5-4, MNC03-
737F-5-9, MNC03-737F-5-11, BRS-Tumucumaque, BRS-
Cauamé, BRS-Itaim and BRS-Guariba have shown to  be 

wide adaptation, suggesting that these genotypes 
tolerate different environmental conditions keeping their 
average yield around the overall mean. 

Regarding to predictability, nine genotypes showed no 

significant regression deviation ( = 0), indicating 
stability, it means that these genotypes not varied their 
average yield over the years and places, being weakly 
influenced by environmental conditions. We also observe 
that only six genotypes showed R² lower than 80%. The 
coefficient of determination higher than the above 
represents low dispersion of data, indicating high 
reliability in the type of environmental response 
determined aby regression. Thus, this value should be 
used as reference so that the regression satisfactorily 
explain the performance of a genotype depending on an 
environment (Cruz et al., 2012).  

Pi values, according to the method proposed by Lin and 
Binns (1988), for all environments and their deployment 
to favorable and unfavorable environments according to 
the methodology suggested by Carneiro (1998) are 
shown in Table 4. We observed that among the twenty 
genotypes were identified five that stood out showing the 
lower Pi overall values: BRS-Tumucumaque, BRS-
Guariba, MNC03-737F-5-1, MNC02-682F-2-6 and



Santos et al.          3905 
 
 
 
Table 4. Estimates of the parameters overall, favorable and unfavorable Pi, regarding to yield grain (kg ha-1), of 20 cowpea genotypes 
obtained in eight environments, from 2010 to 2012. 
 

Identification Genotypes Overall mean Overall Pi /1000 Pi (Favorable) Pi (Unfavorable) 

G1 MNC02-675F-4-9 802 
b
 145.50 167.27 139.04 

G2 MNC02-675F-4-2 785 
b
 166.70 184.95 151.26 

G3 MNC02-675F-9-2 698 
b
 198.12 205.43 153.66 

G4 MNC02-675F-9-3 782 
b
 163.21 179.92 141.46 

G5 MNC02-676F-3 886 
a
 112.25 109.7 91.04 

G6 MNC02-682F-2-6 916 
a
 83.40 151.97 117.17 

G7 MNC02-683F-1 744 
b
 203.86 310.27 157.77 

G8 MNC02-684F-5-6 895 
a
 97.84 77.89 60.02 

G9 MNC03-725F-3 874 
a
 113.43 123.87 96.64 

G10 MNC03-736F-7 668 
b
 246.59 365.05 237.87 

G11 MNC03-737F-5-1 910 
a
 83.45 65.75 51.31 

G12 MNC03-737F-5-4 859 
a
 114.58 124.65 97.45 

G13 MNC03-737F-5-9 873 
a
 121.17 128.42 107.3 

G14 MNC03-737F-5-10 696 
b
 202.57 238.48 155.1 

G15 MNC03-737F-5-11 897 
a
 130.28 161.68 128.12 

G16 MNC03-737F-11 815 
b
 176.91 198.73 153.48 

G17 BRS-Tumucumaque 1,173 
a
 21.75 36.91 6.59 

G18 BRS-Cauamé 896 
a
 129.16 156.64 118.47 

G19 BRS-Itaim 883 
a
 131.97 164.48 132.13 

G20 BRS-Guariba 1,031 
a
 58.53 53.24 45.37 

- Mean 854.53 
 

Means followed by different letters in the same column do not differ by Skott-Knott test (P ≤ 0.05). 

 
 
 
MNC02-684F-5-6. According to Cruz et al. (2012), a 
great advantage of the Lin and Binns method is the 
immediate identification of the most stable genotypes due 
to the uniqueness of the Pi parameter, but this method 
only shows a general parameter estimation for 
recommending cultivars. However, modifying the method 
proposed by Carneiro (1998) provides an estimate of Pi 
for favorable and unfavorable environments that provide 
greater robustness to the method. 

Given the above, we verified that the genotypes BRS-
Tumucumaque, BRS-Guariba, MNC03-737F-5-1 and 
MNC02-684F-5-6 showed the lowest Pi values both in 
favorable and in unfavorable environments, especially the 
BRS-Tumucumaque, which was the most yield, 
considering the overall mean, with the lowest Pi overall 
value and Pi in favorable and in unfavorable 
environments and also one of the smaller contribution to 
the interaction, thus can be considered of general 
adaptation and high predictability. In studies with cowpea, 
Adewale et al. (2010); Shiringani and Shimelis (2011) 
found results related to the Pi parameter, thus confirming 
that the most adapted and stable genotypes are 
associated with high incomes. 

Another important fact was that the genotype MNC03-
737F-5-1, demonstrated wide adaptability and stability by 
presenting lower Pi values in favorable and unfavorable 
environments, however, by  Eberhart  and  Russel  (1966) 

method this genotype has proved to be very demanding 

in unfavorable conditions ( > 1) suggesting that it has 
great ability to exploit advantageously improving the 
environment. Thus it can be inferred that the combined 
use of these two methods brings more detailed 
information about the adaptability and stability of 
evaluated genotypes. This results corroborate those 
obtained by Almeida et al. (2012), where, working with 
different group of genotypes and environments, the 
authors concluded that it is recommended the use of Lin 
and Binns methodology in conjunction with Eberhart and 
Russel (1966) method. 

The genotypes MNC02-675F-4-2, MNC02-675F-9-2, 
MNC02-676F-3, MNC02-683F-1, MNC02-684F-5-6, 
MNC03-737F-11, BRS-Tumucumaque and BRS-Cauamé 
showed lower Pi values in the unfavorable environments 
when compared to favorable environments or overall Pi, 
indicating that these genotypes have a specific 
adaptation to unfavorable conditions. It should also be 
emphasized that smaller Pi values reduce the deviation 
around the maximum yield for each environment. Thus, 
greater stability is associated with higher yield. However, 
the estimation of the Pi parameter is highly correlated to 
yield, so genotypes with lower grain yield will have a high 
Pi value, without necessarily being highly unstable.  

Thus, although the genotypes MNC02-675F-4-9, 
MNC02-675F-4-2, MNC02-675F-9-2 and MNC02-675F-
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Table 5. Analysis of additive main effects and multiplicative interaction regarding to yield grain (kg ha-1), of 15 cowpea genotypes obtained in 
eight environments, from 2010 to 2012. 
 

S.V Degrees of freedom F-value %SSG x E/PCA
 (1)

 %SSG x E Acummulate 

Genotypes (G) 19 7.34* - - 

Environments (E) 7 258.88* - - 

G x E 133 2.73* - - 

PCA 1 25 6.57* 52.52 52.52 

ResidueAMMI1 108 1.55* -  

PCA 2 23 1.82* 22.15 74.67 

ResidueAMMI2 85 1.21
ns

 -  

Mean error 477 - - - 
 

* and 
ns

: not significant and significant a 1% of probability respectively; 
(1)

: Percentage of the sum of squares of the genotype x environment interaction 
captured by IPCA. 
 
 
 
9-3 present high overall Pi values, it were considered by 
the (Eberhart and Russel, 1966) methodology as high 
stability (regression deviations no significant). However 
growing of these genotypes should be thoroughly 
evaluated, because it yielded below the overall average. 

In AMMI analysis, the SSG x E was decomposed in four 
IPCAs; however, only the first two axes (IPCA1 and 
IPCA3) were significant by the FR test and explained 
52.52 and 22.15%, respectively, covering a total of 
74.67% of the SQG x E. For the interpretation are shown 
only the first two IPCAs, since the residue of IPCA2 was 
not significant by the FR test. This indicates that the most 
predictive model is AMMI2. So this was selected for the 
study of stability and adaptability of genotypes and 
environments (Table 5). Similar results to those reported 
by Freire Filho et al. (2005), where the authors observed 
that the first two components explained 72% of the 
standard variance. Already Asio et al. (2005) reported 
that the first principal component explained 87.9% of the 
entire variation.  

The graphical interpretation in biplot was based on the 
variation due to the main additive effects of genotype and 
environment and multiplicative effect of G x E interaction 
(AMMI 2), as well as only based on multiplicative effect of 
G x E interaction (AMMI 1). In this last case, the effect of 
G x E interaction is analyzed, aiming to confirm the 
observed stability in biplot AMMI 2.  

In the graphical representation of the AMMI2 analysis, 
genotypes and stable environments are those whose 
points are situated near to the origin, i.e., the score 
values are almost zero in the two axes of the interaction 
(IPCA1 and IPCA2). The genotypes that contribute less 
to the G x E interaction were MNC02-675F-9-2 (3), 
MNC02-675F-9-3 (4), MNC02-675F-4-2 (2), MNC02-
675F-4-9 (1) and MNC02-684F-5-6 (8) and the 
environments A2, A4 and A8 were the most stable, 
whose point is located near the origin, that is, the scores 
are lower value for the two axes of interaction (Figure 1A 
and B). 

The genotypes  MNC02-675F-4-9  (1),  MNC03-725F-3  

(9) and MNC03-737F-5-11 (15) interact positively with the 
A2 and A5 environments because besides having the 
same sign scores, the points relating to these genotypes 
suggest a common direction and the vectors starting from 
the origin with a small angle between them. The 
genotypes MNC03-737F-11 (16), MNC03-736F-7 (10), 
MNC02-683F-1 (7), MNC02-684F-5-6 (8), MNC02-675F-
4-2 (2) and BRS-Cauamé (18) also demonstrated 
positive specific interaction with the environment A3, A8 
and A4 by similar interpretation. There has been a clear 
lack adaptation of genotypes MNC03-737F-5-11 (15) and 
MNC03-725F-3 (9) with the environments A7 and A6 in 
the two graphs (markers pointing in opposite directions). 

In biplot AMMI1 the abscissa axis represents the main 
effects (mean of genotypes and environment) and the 
axis of ordinates represents the scores for the genotype 
by environment interaction of said axis. Genotypes and 
stable environments are those whose points are located 
near to zero. It are identify which genotypes that have 
grain yield lower or higher than the average overall 
production through vertical reference line.  

The genotypes MNC02-675F-4-9 (1), MNC02-675F-4-2 
(2), MNC02-675F-9-2 (3), MNC02-675F-9-3 (4), MNC02-
683F-1 (7), MNC03-736F-7 (10), MNC03-737F-5-10 (14) 
and MNC03-737F-11 (16) have yield less than the overall 
average, which is 854.53 kg ha

-1
, while the other 

genotypes have yield equal to or higher than the average. 
The environments with low yield are A2, A3, A4 and A7, 
and the environments that have the highest yield are A1, 
A5, A6 and A8. The points located around zero from the 
horizontal axis IPCA1 correspond to genotypes MNC02-
675F-9-3 (4), BRS-Itaim (19), MNC03-736F-7 (10) and 
MNC02-684F-5-6 (8) and the environments A2, A3, A8 
and A6 more stable, being the first two associated to low 
yield and the last two associated to high yield (Figure 
1A). 

The environmental stability has great importance 
because it informs about the reliability of ordering of 
genotypes in a given test environment, compared to the 
average  rating  for  the  tested  environments.  The  most
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Figure 1. Biplot AMMI1 (A) and MMI2 (B) analysis for yield grain (kg ha-1), of 20 cowpea genotypes obtained in eight 
environments, from 2010 to 2012. A1: Aquidauana, 2010; A2: Chapadão do Sul, 2010; A3: Dourados, 2010; A4; 
Aquidauana, 2011; A5: Chapadão do Sul, 2011; A6: Dourados, 2011; A7: Aquidauana, 2012 and A8: Dourados, 2012.  

 
 
 
unstable environments were A1, A5 and A7, and the 
environments A5 and A5 environments showed instability 
associated with high grain yield, which corroborates the 
fact that the location Aquidauana have presented positive 
interaction with the agricultural year 2010 and Chapadão 
do Sul with 2011.  

We observed that there is a disagreement among the 
Eberhart and Russel (1966) and AMMI methods, because 
the environments classified as unfavorable by 
environmental indices obtained by the Eberhart and 
Russell (1966) methodology are considered as stable in 
the AMMI analysis, such as CS10 and DS10. This 
probably is because the Eberhart and Russel (1966) 
methodology considers an environmental index, which 
refers to the average of an environment subtracted from 
the overall average, therefore, not take into account the 
present G x E interaction. The genotypes BRS-
Tumucumaque (17) and BRS-Guariba (20) were the most 
productives, however, these genotypes presented one of 
the greatest deviations and contributed more to G x E 
interaction. In the AMMI method, the selection of 
genotypes with high stability usually results in low grain 
yields and, consequently, the selection for higher grain 
yield can lead to less stability (Pacheco et al., 2005). The 
genotypes MNC03-737F-5-1 (8) and BRS-Itaim (19) 
obtained grain yield above the overall average and at the 
same time were predictable, showing that these gather 
overall adaptability (Eberhart and Russel, 1966), can be 
grown in all studied environments. 

Conclusions 
 
The genotypes MNC03-737F-5-1, BRS-Tumucumaque, 
BRS-Guariba, MNC02-684F-5-6, MNC03-725F-3, 
MNC02-682F-2-6, BRS-Cauamé, BRS-Itaim and 
MNC03-737F-5-11 gather yield adaptability and stability 
sufficient for recommendation for Brazilian Midwest. 
Eberhart and Russell, Lin and Binns and AMMI methods 
can be used in a complementary way for the better 
predict the genotypes performance. The environments 
A1, A5, A6 and A8 are the most suitable for selecting 
superior genotypes for adaptability and stability. 
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The soybean cultivation along the years has required big investments and high technological level to 
develop new and more productive cultivars. However, the advent of biotic stress, such as diseases, can 
lead to losses in yield. To attenuate this interference and obtain the expected yield, chemical products 
have been used to control these diseases. This technique has shown good efficiency in short-term, but 
can damage the environment and promote the appearance of resistant biotypes in the long-term. So, 
alternative methods of diseases control, such as pyroligneous extract and the fungus Pycnoporus 
sanguineus have been used in soybean and other cultures to control diseases without the prior 
negative aspects of chemical products. The aim of this study was to evaluate possible interferences of 
these treatments in the agronomic performance of soybean culture. The experiment was conducted in 
the 2012/2013 harvest, submitting two soybean cultivars to pyroligneous aqueous extract in the 0.6 and 
1.3% concentrations and the fungus P. sanguineus extract in the 2.5 and 5% concentrations, thus 
comparing their results with a  positive control and water control treatment. The results showed that the 
2.5% fungus concentration statistically reduced the yield of the Turbo RR

®
 BMX cultivar and the 5% 

fungus concentration reduced the grain mass of Vmax RR
®
 NK 7059. The pyroligneous extracts reduced 

the number of pods of the Turbo RR
®
 BMX cultivar and the height of Vmax RR

®
 NK 7059, but did not 

affect the yield. In either cultivar, the plant growth regulator obtained the best results for all 
characteristics. 
 
Key words: pyroligneous, Pycnoporus sanguineus, plant growth regulator. 

 
 
INTRODUCTION 
 
The high technological level employed in the soybean 
cultivation system requires big investments, which are 
offset by an increasing yield. Thus, any factor that limits 
gains in production must be attenuated, aiming to ensure 
a good yield and, consequently, good profits. In this 

scenario, among the factors that most limit the soybean 
production are diseases. Most of these problems are 
caused by fungus, bacteria, nematodes and virus, and 
they have already been reported in Brazil

 
(Yorinori, 

1986). 
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Commonly, the disease control in the crops is 
based on chemical substances. One of the main 
chemical products used are fungicides, which, due to its 
easy manipulation and good disease control, had shown 
an increase of use of 276.2% from 1964 to 1991 
(Pansera et al., 2012). The utilization of these products 
has many advantages in short-term, but, in long-term, it 
can cause problems due to the residue accumulation in 
the soil and environment, being necessary the 
development of alternative methods of disease control 
(Viecelli et al., 2010; Ghini and Kimathi, 2000). So, the 
use of pyroligneous extract and the plant resistance 
induction with natural products are methods that come up 
with high potential (Schwan-Estrada and Stangarlin, 
2005).  

The pyroligneous extract, also known as pyroligneous 
acid, pyroligneous liquid or wood vinegar, is a natural 
liquid product obtained by the smoke condensation, from 
wood carbonization, collected under controlled 
temperatures (Schwengber et al., 2007; Alves et al., 2007; 
Silveira, 2010). This liquid is basically made of water (80 
to 90%), containing around 200 different compounds, 
with prominence of acetic acid (8%), methanol (± 2%) 
and acetone (± 1%) (Zanetti et al., 2004). 

This product is being used with different aims in 
agriculture, such as fertilizer in rice (Oryza sativa L.), 
sorghum (Sorghum bicolor L.) and sweet potato 
(Ipomoea batatas L.), nematicide and fungicide 
(Tsuzuki et al., 2000; Esechie et al., 1998; Shibayama et 
al., 1998; Cuadra et al., 2000). Moreover, it is being 
recommended to control mite and insects by foliar 
pulverization or straight application in soil (Schwengbers 
et al., 2007). 

Plant resistance induction is characterized by the 
activation of the latent defense system in response to the 
interaction with an external agent (Stangarlin et al., 
1999). This defense is stimulated by elicitors, which are 
molecules capable to protect the plant against future 
infections caused by pathogens (Pascholati and Leite, 
1995; Smith, 1996; Stangarlin et al., 1999).  

Among the elicitor agents, there are the plant extracts 
and essential oils, as well as mushroom extracts

 

(Stangarlin et al., 1999; Schwan-Estrada et al., 2003; 
Schwan-Estrada and Stangarlin, 2005; Di Piero et al., 
2005). In this last example, the basidiomycete 
Pycnoporus sanguineus (L. ex Fr.) Murr. has its aqueous 
extract being used in agriculture as an alternative method 
for diseases control. P. sanguineus showed an efficient 
control of Colletotrichum in bean, inhibiting the 
germination of conidia (Assi, 2005). 

Studies that relate benefits of alternative methods of 
disease control do not point any possible interference to 
the soybean yield. So, the aim of this study was to verify 
any possible interference in yields of two soybean 
cultivars caused by the use of pyroligneous and P. 
sanguineus extracts, comparing the results with a plant 
growth regulator.  

 
 
 
 
MATERIALS AND METHODS 
 

The experiment was conducted during the 2012/2013 harvest, in 
Maripa city, located in Western Parana, in a clayey oxisol soil 
(Embrapa, 2006).

 
The weather is Cfa, according to Koppen 

classification (Koppen and Geiger, 1928). The cultivars Turbo RR
®
 

BMX and Vmax RR
®
 NK 7059 were chosen to be used in this study 

due to their large cultivation in the region. The experimental area 
altitude was 320 m. The plots contained six 5 m lines, spaced 45 
cm between rows. The useful area was of 5.4 m

2
, using the four 

central rows and eliminating 1 m of each extremity. The fertilization, 
seedling and the phytosanitary control was made according to 
Embrapa (2011). 

The pyroligneous extract used was obtained through eucalyptus 
wood carbonization, using brick furnace and submitted to 
decantation during 6 months. After this time, the dilutions were 
prepared at the 0.6 and 1.3% concentrations. 

Samples of P. sanguineus were collected from a eucalyptus 
cultivation area located in Maripa, PR, which was drought in forced 
circulation greenhouse at 45°C, until it reached constant weight. 
Following, they were crushed and submitted to extraction in the 
proportion of 1 g of the fungus and 14 mL of distillated water. The 

solution was kept for 24 h at 4°C and then the dilutions of 2.5 and 
5% were prepared (Figueiredo, 2012). 

For each soybean cultivar used, the randomized block design 
was considered, with six treatments in three repetitions. In each 
case two extract concentrations were analyzed, and also a water 
control (T1), and a positive control (T2) composed by the 
commercial product Stimulate®. The pyroligneous aqueous extract 
was tested in 0.6 (T3) and 1.3% (T4) concentrations, while the P. 
sanguineus extracts in the 2.5 and 5.0% (T5 and T6, respectively) 

concentrations. The commercial product Stimulate
®
, a plant growth 

regulator containing 0.009% of kinetin, 0.005% of gibberellic acid 
and 0.005% of IBA, was applied in the 0.5 L ha

-1
 dose, during the 

soybean fifth and sixth-node stage (Adapar, 2014). 
The applications were made during the beginning bloom (R1) 

using a CO2 pressurized backpack sprayer, with a 2 BAR (29 psi) 
constant pressure, in a flow rate of 0.65 L min

-1 
(Fehr et al., 1971). 

The bar contained 6 Teejet type XR 110.0 nozzles. During the 

application, the bar was positioned 50 cm apart the target, with a 
constant speed of 1 m second 

-1
 and 50 cm width range, providing a 

spray volume of 200 L ha
-1

. 
The parameters evaluated were: plant stand, plant height, 

number of pods, 100 grains mass and yield (kg ha
-1

).To evaluate 
the plants height, 10 plants were chosen randomly in the useful 
area of the plot, and their heights were measured in cm by using a 
wood ruler. The evaluation of the number of pods was made 
manually, counting the number of pods of 10 random plants during 
the soybean full-maturity stage. To plant stand, it was counted the 
number of plants per meter within the floor area of the plot 

The plants were harvested manually in full-maturity, when 95% of 
the pods had reached their mature pod color (Fehr et al., 1971). 
Next, the material harvested was threshed with an experimental 
threshing machine and stored in paper-bags, which were later 
weighed to obtain the yield. The determination of 100 grains mass 
was made separating and weighting in eight samples of each plot. 

The data were analyzed according to Pimentel-Gomes and 
Garcia (2002), submitting the data to variance analysis. When the F 
value was significant, the T test (LSD) at 5% was realized. 

 
 
RESULTS AND DISCUSSION 
 

The results obtained from the Statistical evaluation of the 
soybean cultivar Turbo RR

®
 BMX results are shown in 

Table 1. According to the results, the number of pods and
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Table 1. Agronomic parameters evaluated in the soybean cultivar Turbo RR
®
 BMX, submitted to different treatments.  

 

Treatments Height (cm) Number of pods 100 grains mass (g) Yield (kg ha
-1

) 

T1 78.20
A
 47.40

D
 19.00

A
 3137.50

AB
 

T2 77.10
A
 62.55

A
 18.25

A
 3425.75

A
 

T3 77.90
A
 55.05B

C
 19.25

A
 3194.00

AB
 

T4 78.85
A
 57.35

B
 18.50

A
 3287.00

AB
 

T5 78.45
A
 57.95

B
 18.50

A
 2762.50

B
 

T6 76.90
A
 51.45

C
 19.00

A
 3156.75

AB
 

CV % 5.08 4.38 3.56 11.24 
 

*Same letter on the columns are not significant different (p > 0.05) by the T test (LSD); T1 = water control; T2 = positive c ontrol; T3 
= 0.6% pyroligneous extract; T4 = 1.3% pyroligneous extract; T5 = 2.5% P. sanguineus extract; T6 = 5% P. sanguineus extract. 

 
 
 

Table 2. Results of the agronomic parameters evaluated in the soybean cultivar Vmax RR
®
 NK 7059, submitted to different 

treatments. 
 

Treatments Height (cm) Number of pods 100 grains mass (g) Yield (kg ha
-1

) 

T1 83.50
AB

 50.35
A
 16.34

B
 3017.75

A
 

T2 87.25
A
 45.25

A
 17.45

A
 3279.00

A
 

T3 86.50
AB

 50.70
A
 16.85

AB
 3214.50

A
 

T4 78.85
B
 53.20

A
 16.73

AB
 2660.25

A
 

T5 88.00
A
 45.35

A
 16.87

AB
 2884.50

A
 

T6 82.70
AB

 50.80
A
 16.28

B
 2714.75

A
 

CV % 5.08 4.38 3.56 11.24 
 

*Same letter on the columns are not significant different (p > 0.05) by the T test (LSD); T1 = water control; T2 = positive c ontrol; T3 
= 0.6% pyroligneous extract; T4 = 1.3% pyroligneous extract; T5 = 2.5% P. sanguineus extract; T6 = 5% P. sanguineus extract. 

 
 
 
yield showed significant difference for the cultivar Turbo 
RR

®
 BMX. T2 is significantly superior (p<0.05) than the 

other treatments for the number of pods basically 
because it is a commercial plant growth regulator and it 
contains 0.009% of kinetin, 0.005% of gibberellic acid 
and 0.005% of IBA, which provide a hormonal balanced 
dose that improves the plant growth and development 
(Adapar, 2014). The result in this study for Stimulate

®
 is 

similar to another study, in which the application of this 
product also caused an increase in the soybean number 
of pods (Bertolin et al., 2010). 

Still considering this parameter, the higher pyroligneous 
extract concentration (T4) presented a number of pods 
statistically superior (p<0.05) than the higher P. 
sanguineus extract concentration (T6). So, in this study, a 
difference between the two concentrations of P. 
sanguineus was noticed for the number of pods, where 
the lower concentration provided a bigger number of 
pods, indicating that the fungus can cause some injury to 
the plant. The two pyroligneous extract tested did not 
show significant difference each other, but yet provided a 
number of pods higher than the water control, as well as 
the other treatments. This parameter is inferred directly in 
soybean yield, but according to Braz et al. (2010) this 
variable is related mainly to plant genetic potential. 

The yield results for the cultivar Turbo RR BMX showed 
that all treatments tested did not differ significantly from 
the water control. In a study conducted by Bertolin et al. 
(2010)

 
the authors indicate possible provides increase in 

number of pods per plant and grain yield both application 
via seed as foliar, caused by the use of Stimulate

®
, 

something that seems to have occurred in present work. 
Viecelli et al. (2010) verified that the P. sanguineus had 
an efficient disease control in other legumes, like bean. 

The results of the different treatments in the cultivar 
Vmax RR

®
 NK 7059 are shown in Table 2. It is possible 

to see that for all agronomic parameters tested, none of 
the treatments differ from the water control. Beninca 
(2007) shows in his work the resistance induction 
efficiency in soybean plants by the use of P. sanguineus 
extract. This way, it can be seen that the application of 
these natural products did not affect the productivity of 
cultivars soy worked. The 100 grain mass results show 
that only the positive control (T2) presented a mass 
significantly higher (p<0.05) than the water control.  
 
 
Conclusion 
 
The   pyroligneous   and   P.   sanguineus   extracts    are 
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alternative methods that efficiently control plant diseases. 
However, the interference of these methods over the 
agronomic parameter evaluated in the soybean culture 
could not be inferred. In the conditions of this study, the 
interference of the extracts can be significant according 
to the cultivar analyzed, where the results vary from one 
cultivar to another. 
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The Sunflower plant is an oilseed of great importance on the world stage. However, their productivity 
may be compromised by lack of rain and availability of nutrients. Thus this study aimed to evaluate the 
growth of sunflower plants under different hydric regimes in two soils with the application of cattle 
biofertilizer. The experiment was performed in a greenhouse State University of Paraíba campus IV in 
Catolé do Rocha, Paraíba, Brazil. The treatments were arranged in a completely randomized design 
using a 2 × 2 × 5 factorial for two levels of water availability (100 and 50% WA), two soils Entisol and 
Alfisol and five rates of cattle biofertilizer (0.0, 2.5, 5, 7.5 and 10% of the substrate volume), totaling 20 
treatments with nine replications and 180 experimental plots. At 90 days after sowing the plants were 
evaluated for growth and biomass accumulation. The reduction from 100 to 50% WA negatively affected 
the vegetative behavior of the plants in both soils. The increased growth and biomass accumulation 
occurred with the application of biofertilizer rates of 3.5 and 10% (v/v) in Entisol and Alfisol, and 
respectively.  
 
Key words: Helianthus annuus L., organic fertilization, irrigation. 

 
 
INTRODUCTION 
 
The Sunflower plant (Helianthus annuus L.) is an oilseed 
of great importance on the world stage, and it is 
considered as the fifth largest producer of grains and the 
fourth in oil production (Howell et al., 2015). 

In Brazil, the sunflower cultivation is concentrated in the 
Midwest region, which accounts for 88.8% of the national 
production (Conab, 2013), but there is the possibility of 

cultivation in several Brazilian regions as it presents a 
short cycle (90 to 130 days) and has desirable 
characteristics for biodiesel production, such as 
hardiness, content and quality of the oil extracted from 
the grains (Souza et al., 2010). There is the example of 
the Northeast region, which despite contributing with only 
5% of the Brazilian production (Ibge, 2012), it shows a
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Table 1. Values of pH, electrical conductivity and cattle biofertilizer composition 45 days after the start of anaerobic 
fermentation. 
 

pH 
EC Ca

+2 
Mg

+2 
Na

+ 
K

+ 
Cl

-
 CO3

2- 
HCO3

- 
SO4

2- 

dS m
-1
 cmolcL

-1
 

6.34 1.08 3.71 2.40 3.27 1.69 5.59 0.43 2.03 3.02 
 

EC = electrical conductivity of biofertilizer. 

 
 
 
good expansion potential, given its favorable 
characteristics to the sunflower cultivation, such as the 
great diversity of fertile soils in this region. 

Sunflower cultivation in the Northeast of Brazil is mainly 
situated in regions of semiarid climate, which has 
limitations to express the potential crop productivity due 
to the low rainfall (< 700 mm per year) and poor 
distribution of rainfall, since the lack of water in the soil is 
a limiting factor to the growth and development of plants 
(Lechinoski et al., 2007). Thus, it becomes necessary to 
resort to the practice of irrigation, in order to reduce and / 
or eliminate the problems of inappropriate water supply in 
the agriculture of the semiarid region. 

In agricultural systems where chemical fertilizers are 
not used, organic matter is the main source of nutrients, 
like in the case of subsistence agriculture of the semiarid 
region of the Northeast of Brazil (Tiessen et al., 2001; 
Jiang et al., 2014). In this context, the adoption of organic 
fertilization with cattle biofertilizers becomes a viable 
alternative because of the ease of obtainment and 
relatively low cost. However, there are few studies that 
address the organic fertilization in sunflower cultivation in 
semiarid, especially when related to the use of 
biofertilizers.  

Thus, the study aimed to evaluate the growth of 
sunflower plants under different hydric availability. in two 
soils with the application of cattle biofertilizer. 
 
 
MATERIALS AND METHODS 
 

The experiment was conducted from September 2011 to March 
2012, in a greenhouse, on the premises of the Centre for Human 
and Agricultural Sciences, of the State University of Paraíba, 
Campus IV, Catolé do Rocha, Paraíba, Brazil, altitude of 275 m.  

The soil used in the experiment were classified as Entisol and 
Alfisol (Usda, 2014), from Catolé do Rocha and Brejo dos Santos 
municipalities in Paraíba state. Samples of these soils were 
collected at a depth of  0 the 20 cm of depth, air-dried, sieved 

through a 2.0 mm mesh sieve and characterized chemically and 
physically using the methods adopted by Embrapa (1997), 
presenting the following results: Entisol: sand = 820 g kg

-1
; silt = 

125 g kg
-1

; clay = 55 g kg
-1

; field capacity = 22.82% of the volume; 
permanent wilting point = 6.54% in volume; available water = 
16.28% in volume; pH (H2O) = 7.44; Ca = 4.44 cmolc kg

-1
; Mg = 

2.81 cmolc kg
-1

; Na = 0.26 cmolc kg
-1

; K = 0.57 cmolc kg
-1

; H = 0.00 
cmolc kg

-1
; Al = 0.00 cmolc kg

-1
; OM = 6.9 g kg

-1
; P = 53.3 mg kg

-1
; 

Alfisol: sand = 655 g kg
-1

; silt = 228 g kg
-1

; Clay = 117; Field 

capacity = 19.60% of the volume; permanent wilting point = 5.70% 
in volume; available water = 13.06% in volume g kg

-1
; pH (H2O) = 

7.81; Ca = 3.97 cmolc kg
-1

; Mg = 2.45 cmolc kg
-1

; Na = 0.15 cmolc 

kg
-1

; K = 0.18 cmolc kg
-1

; H = 0.06 cmolc kg
-1

; Al = 0.00 cmolc kg
-1

; 

OM = 4.5 g kg
-1

; P = 14.3 mg kg
-1

.  
The treatments were arranged in a completely randomized 

design with 2 × 2 × 5 factorial, referring to two levels of available 
water (100 and 50% WA), two soils (Entisol and Alfisol) and five 
rates of cattle biofertilizer (0.0, 2.5, 5, 7.5 and 10 % of the substrate 
volume), totaling 20 treatments with nine replications and 180 
experimental plots. Each experimental unit consisted of a plastic 
vessel with capacity for 30 liters and a sunflower (Helianthus 
annuus L.) plant of the hybrid cultivar Helium 253. 

The sowing was performed at a depth of 5 cm, using seven 
seeds per pot, distributed equidistantly. The seedling emergence 
began on the fourth day after sowing (DAS), at the ninth DAS the 
first thinning was made, leaving three plants per pot and the second 
pruning at 15 DAS, leaving only one plant, the most vigorous one. 
The biofertilizer rates were applied three times in 20 days, starting 
after the second pruning. 

The cattle biofertilizer was obtained through anaerobic 
fermentation by mixing equal parts of fresh cattle manure and 

slightly saline water - EC = 0.8 dS m
-1

, adding 2 kg of leaves and 
branches of the leguminous plant beans-macassar (Vigna 

unguiculata L.), in the plastic biodigester with capacity for 200 liters, 
kept tightly closed for 45 days. During the fermentation the methane 
gas produced was released through a duct connected to the upper 
base and its end submerged in water (Santos, 1992). As a result of 
being applied in liquid form, composition analysis was performed 
following common procedures for water sample for irrigation, 

according to the data in Table 1, congenerous suggestion of 
Cavalcante et al. (2010). 

Soil water content was monitored daily by TDR probe model 
PR2/6 (Time Domain Reflectometry) in the treatments of 100 and 
50% of the WA in four depth intervals: 0-10; 10-20; 20-30 and 30-
40 cm; from the readings made with the probe model PR 2 for each 
depth, the values were put in a spreadsheet that accounted for the 
water content of each layer (four layers of 10 cm each), making a 
balance of water content along the existing soil profile as 

determined in accordance with the following equation: 
 

WA = (CC–CA)/100) x V                                                                (1) 

 
Where: WA = water available in cm; CC = Moisture at field capacity 
(dry weight basis); CA = Current capacity of soil and V = Soil 
volume. 

Based on the probe readings a water balance was performed, 

which recorded the consumption of water by such treatments. 
Irrigation of the vessels was done daily by hand with the aid of a 
graduated cylinder. 

At 90 DAS the irrigation was suspended, based on the criterion of 
the physiological maturity of the grains (Silva et al., 2007a.); on this 
same period, all the plants were in the phenological stage R9 
(chapter inclined down, with back and bracts with a color between 
yellow and brown). At this time, we determined the plant height 
(HP), stem diameter (SD), number of leaves per plant (NLP), the 

dry mass of the shoot (DMS), of the root (DMR) and total (DMT) 
where the HP was obtained using a millimeter ruler measuring the 
distance between the neck of the plant and the insertion of the
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Figure 1. Sunflower plant height cv. Helium 253 under two hydric treatments 100% (

____
) and 50% (----) of available soil 

water, rates of cattle biofertilizer in two soil types. 

 
 
chapter, the SD was determined using a digital caliper series 799 
measuring the plant’s cervical region at a height of 5 cm of soil, 
DMS, DMR and DMT were evaluated with a precision balance after 
drying in an oven with forced air ventilation at 65°C until a constant 
weight was obtained. It was also measured the total leaf area (TLA) 
obtained through Equation 2: 

 
 TLA = 1.7582 L

1.7067                                                                                                             
(2) 

 
Where the “L” is the width of the leaf blade (Maldaner et al., 2009). 

The results were submitted to variance analysis, F test and 
regression using the statistical program Sisvar

©
 (Ferreira, 2011). 

 
 
RESULTS AND DISCUSSION 
 
A quadratic behavior of growth in height was observed on 
sunflower in function of the rates of biofertilizer in Entisol 
with 100% WA, where the maximum growth (135.07 cm) 
was estimated at the level of 3.3% v/v biofertilizer (Figure 
1A). From the maximum point there is a tendency to 
reduction in plant height, a fact possibly related to the 
toxic effect of the gradual increase in biofertilizer rate, 
given that the soil is at field capacity and the cattle 
biofertilizer is made with nutrients readily available for the 
plants, thereby promoting an excessive increase in 
nutrients in the soil solution. Similar results were 
observed by Rivera-Cruz et al. (2008), who found an 
increased growth of the banana tree with a rate of up to 
3% of biofertilizer applied in the crown projection, tending 
to decline since then. 

However, plants grown in Entisol with 50% WA in the 
soil, the data did not fit any mathematical model, and an 
average of 86.8 cm per plant was found. It is believed 
that in this condition the solubility of biofertilizer in the soil 
did not occur, so that the nutrients were not available for 
the plants, such a fact being contrary to that observed in 
the condition of 100% WA, which favors  the  solubility  of 

the biofertilizer’s nutrients and their availability in the soil 
solution (Figure 1A). 

In Alfisol, the increase in the level of biofertilizer 
resulted in a boost in plant height until the biofertilizer 
levels of 7.68 and 7.59% v/v, reaching maximum heights 
of 96.55 and 67.45 cm with 100 and 50% WA in the soil, 
respectively (Figure 1B). Regardless of the soil used, 
plants cultivated with 100% WA surpassed those grown 
with 50% WA, evidencing the effect of hydric stress on 
the plants. The increments found in this study were also 
similar to Silva et al. (2007b), who studied sunflower 
plants submitted to irrigation according to crop 
evapotranspiration and plants without hydric 
supplementation, finding an increase in plant height of 
about 20.8%. Paiva Sobrinho et al. (2011) also found that 
sunflower plants have a boost in height when there is an 
increase on the amount of available water in the soil, 
these responses having also being confirmed by Silva et 
al. (2007b) Nobre et al. (2010) and Freitas et al. (2012). 

For the stem diameter variable, plants cultivated in 
Entisol maintained at 100% WA conformed to the 
polynomial model, with maximum diameter estimated at 
23.07 mm, achieved with the estimated rate of 3.97% v/v 
of biofertilizer (Figure 2A). The stem diameter of the 
sunflower cultivated in Entisol submitted to 50% of WA 
positively conformed to the linear model, so that the unit 
increase of level of the soil biofertilizer provided a direct 
increment in diameter of 0.16 mm, with a maximum value 
of 17.97 mm regarding the highest rate of input. 

In regard to Alfisol, it was observed that the stem 
diameter of sunflower plants increased linearly with 
higher rates of biofertilizer applied to the soil, reaching 
maximum diameter of 16.02 and 11.08 mm when 
fertilized with biofertilizer 10% in volume and kept at 100 
and 50% WA, respectively (Figure 2B). The larger stem 
diameter in plants cultivated  with  10%  of  biofertilizer  is
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Figure 2. Sunflower plants stem diameter cv. Helium 253 under two hydric treatments 100% (
____

) and 50% (----) of 
available soil water, rates of cattle biofertilizer in two soil types. 

 
 
 

 
 
Figure 3. Number of sunflower plants leaves cv. Helium 253 under two hydric treatments 100% (

____
) and 50% (----) 

of available soil water), rates of cattle biofertilizer in two soil types. 

 
 
 
associated with increased fertility of Alfisol, given the low 
levels of organic matter, phosphorus and potassium 
verified in this soil in comparison to the studied Entisol. 

The reduction in the level of available water in the soil 
from 100 to 50% WA, independently of the soil studied, 
caused reductions in stem diameter of sunflower cultivar 
Helium 253, indicating that this plant does not support 
hydric deficit, since it provokes stem growth reduction in 
both height and diameter, possibly due to the fact hydric 
stress slows cell growth and elongation (Taiz and Zaiger, 
2013). This information was also verified by Silva et al. 
(2007b) and Gomes et al. (2010), both studied sunflower 
plants submitted and not to hydric stress throughout the 
crop cycle. The authors ascertained increments in stem 
diameter of the plants, in the order of 26.48 and 22.22% 
for treatments without hydric stress  in  relation  to  plants 

under hydric stress. These results characterize sunflower 
as a plant highly sensitive to hydric stress. 

As for the rates of biofertilizer, we verified a quadratic 
behaviour on Entisol maintained at 100% WA, noting that 
the largest number of leaves (20.76 plant

-1
) was obtained 

in plants cultivated at a rate of 3.44% v/v. However, 
plants subjected to water deficit (50% WA in the soil) did 
not fit to the specific mathematical models, obtaining an 
average of 19.87 leaves plant

-1
 (Figure 3A). Reductions 

were observed in the number of leaves of sunflower 
plants when subjected to biofertilizer levels above 3.44% 
v/v on the treatments kept without hydric stress. This fact 
may be related to excess nutrients applied to the soil via 
biofertilizer, as verified by Oliveira et al. (2009), where 
high levels of organic matter in the form of manure can 
cause nutritional imbalance in the soil and, consequently,
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Figure 4. Leaf area of sunflower plants cv. Helium 253 under two hydric treatments (100% (
____

) and 50% (---) of available 
soil water), rates of cattle biofertilizer in two soil types. 

 
 

 

reduced plant growth. 
When studying the number of plant leaves cultivated in 

Alfisol, there was a linear increase with increments of 
0.74 and 0.65 leaves per plant for each unit increase of 
biofertilizer rate for levels of 100 and 50% of WA in the 
soil, respectively (Figure 3B). The superiority of the 
number of leaves in conditions of 100% WA and the 
reduction in the number of leaves on plants under 
condition of hydric stress is explained by Taiz and Zeiger 
(2013), so that the lack of water in the plant tissues due 
to drought limits cell division and CO2 assimilation rate, 
thus reducing plant growth. 

However, the significant increase in the number of 
leaves as a result of the increase of irrigation depth is in 
accordance with Paiva Sobrinho et al. (2011), that 
evaluating sunflower under different levels of irrigation 
(60, 70, 80, 90 and 100% in relation to field capacity), 
observed a significant effect of increase in water 
availability on the number of leaves, being 87.34% the 
one that provided the highest number of leaves per plant 
(10.25). 

An increase in leaf area of plants cultivated in Entisol at 
the level of 100% WA was observed when fertilized with 
cattle biofertilizer until the estimated rate of 3.13% v/v, 
with a value of 423.78 cm

2
, decreasing with an increase 

of the rate (Figure 4A). This happens probably for 
nutritional imbalance, caused by an excess of nutrients, 
due to the natural fertility of the soil present elevated 
levels even before the application of biofertilizer, and also 
favor a possible increase of salt content in the soil 
solution (Epstein and Bloom, 2006). 

On the plants led to 50% WA in Entisol, the data of leaf 
area did not adjust to the mathematical models studied, 
obtaining a mean of 242.79 cm

2
 plant

-1
 (Figure 4A), 

possibly under this condition of hydric availability the 
biofertilizer dilution did not occur, unlike it was verified in 
Alfisol which has higher content of silt and clay giving the 
this soil higher amount of micropores when  compared  to 

Entisol, which has 82% of sand in its granulometric 
fraction, which confers it a greater number of 
macropores, resulting in a greater water loss and hence 
in insufficient solubility of biofertilizer for the plants. This 
is confirmed by the positive effect of biofertilizer in Alfisol 
with water availability at 50% WA in the soil where your 
greatest clay content promoted greater water retention in 
the soil (Figure 4B).  

For the leaf area of sunflower plants grown in Alfisol, a 
linear and growing behavior was observed, with an 
increase of 11.3 and 3.9 cm

2
 in leaf area for each unit 

increase of biofertilizer rate, on the blades 100 and 50% 
WA, respectively (Figure 4B), achieving leaf area of 
146.07 and 43.04 cm

2
 when submitted to 10% of 

biofertilizer. Probably the biggest leaf area in the soil 
maintained at 100% of WA may be related to the higher 
solubility and thus availability of organic matter applied to 
the soil through the biofertilizer, thus improving the 
relationship between macro and micronutrients. In 
addition to the fact that the addition of biofertilizer 
increases the content of organic matter in the soil and 
consequently increases the water retention level in the 
soil. According to Silva Júnior and Siqueira (1997) the 
mineralization of organic fertilizers improves soil 
structure, aeration and capacity to hold water, for 
assisting in the formation of aggregates, and exercising 
with this direct effect on soil microporosity. 

With respect to the water content in the soil, similar 
results were obtained by Silva et al. (2007b) and Paiva 
Sobrinho et al. (2011), who verified that 93.43% of field 
capacity promoted greater leaf area of sunflower cultivars 
Charrua and Olisun 3 evidencing that the sunflower crop 
requires high availability of water in the soil. 

A quadratic behavior of cumulative shoot dry mass of 
cultivar Helium 253 sunflower’s was observed depending 
on the biofertilizer rates applied to Entisol kept at 100% of 
WA, verifying the maximum accumulation of biomass of 
159.25 g plant

-1
, in the estimated amount of 3.40% v/v.
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Figure 5. Shoot dry mass of sunflower plants cv. Helium 253 under two hydric treatments (100% (

___
) and 50% (----) of 

available soil water), rates of cattle biofertilizer in two soil types.  
 
 
 

However, when the soil was maintained at 50% of WA, 
dry biomass data did not fit the proposed mathematical 
models, averaging 68.83 g plant

-1
, these results, 43% 

lower than those observed in plants grown with 100% WA 
(Figure 5A). 

However, a linear growth of the shoot dry mass in 
Entisol with 100 and 50% WA, with an increase of 3.46 
and 1.33 g plant

-1
 for each unitary increase in biofertilizer 

rate, reaching maximum values of 46.51 and 18.56 g 
plant

-1
 at rate of 10% (v/v), respectively (Figure 5B). 

The superiority of plants kept at 100% WA in the soil is 
observed on the order of 131.36 and 162.98% in 
comparison to plants submitted to 50% WA in Entisol and 
Alfisol, respectively. This fact shows that the Helium 253 
sunflower hybrid did not support the water stress, thus 
evidenced the importance of adequate water supply 
throughout the culture cycle, in order to occur effective 
plant growth, resulting in great productions of biomass, in 
agreement with Silva et al. (2011) and Paiva Sobrinho et 
al. (2011), who also observed greater biomass weight of 
sunflower cultivated without hydric deficit in the soil. 

Plants cultivated in Entisol were greater than those 
grown in Alfisol, with Entisol superiority of 262.65% in 
aerial biomass of sunflower Helium 253. This may be 
related to increased K, Ca and organic matter of Entisol, 
because according to Zobiole et al. (2010), the export 
order of the hybrid BRS 191 was as follows: N > P = K > 
Mg = S > Ca. These authors also mention the importance 
of adequate supply of N, K and Ca, due to high demand 
of the culture for these elements. These findings were 
also confirmed by Christin et al. (2009) by verifying the 
reduction in plant height and number of leaves of the 
sunflower grown with potassium and nitrogen deficiency 
in the order of (53.33 and 25%) and (77 and 66.7%), 
respectively, when compared to those grown without 
nutritional deficiency. 

The root biomass per plant was influenced by the 
biofertilizer   rates  applied   at    Entisol    and   Alfisol   at  

100% WA, observing the maximum value of 22.30 and 
5.18 g plant

-1
 with application of 3.14 and 10% of the 

volume, respectively. In the unfolding of the triple 
interaction of biofertilizer rates within the blade of 50% of 
WA in both soils, root dry mass per plant did not fit any 
proposed mathematical model, with averages of 6.85 and 
1.2 g plant

-1
, respectively (Figure 6A and B). This 

reduction in root dry weight of the plants submitted to 
hydric stress in the soil may be a reflection of lower 
absorption of essential elements, according to a research 
conducted by Paiva Sobrinho et al. (2011), who found 
that 60% WA in the soil caused a reduction of 
perspiration, leading to lower water absorption and 
therefore lower nutrient absorption by the plants 
promoting limitations to their growth. Vazin et al. (2011) 
found a reduction of 38% of the shoot dry mass of the 
sunflower in vegetative phase and only 6% in the 
production phase when submitted to hydric stress 
compared to plants grown without soil water deficit. 

Plants cultivated in Entisol overlapped the root dry 
mass of those cultivated in Alfisol, regardless of the water 
level in the soil. Possibly, the greater content of 
phosphorus and organic matter in Entisol provided a 
bigger root growth. Phosphorus is a primary 
macronutrient, and albeit absorbed in smaller quantities 
than nitrogen and potassium, its presence on the soil is 
essential for the growth and production of plants, and 
organic matter can increase its availability. 
 
 
Conclusion 
 
Sunflower cultivar Helium 253 proved to be highly 
sensitive to hydric deficit, showing a significant reduction 
in growth when cultured at 50% WA. Thus, it is 
recommended that the cultivation of this crop should be 
done keeping the soil water levels at 100% WA. The 
cattle biofertilizer can be used as an  important  approach
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Figure 6. Root dry mass of sunflower plants root cv. Helium 253 under two hydric treatments 100% (
____

) and 50% (----) of 
available soil water, rates of cattle biofertilizer in two soil types. 

 
 
 
to increase soil fertility. Rates of 3.5 and 10% v/v to 
Entisol and Alfisol, respectively, were the ones that 
provided the best results. However, Entisol presented the 
greater aptitude for the cultivation of sunflower Helium 
253. 
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Conservation agriculture (CA) is advocated as a management system for sustainable productivity, while 
preserving the environment simultaneously. CA has many advantages, but weed management is 
regarded as one of its biggest challenges. This study reports on the temporal variation in weed 
occurrence and biomass under conservation and conventional farming practices. The treatment design 
was a split-split plot, with a randomised complete block design with three blocks as replicates. Tillage 
was the main plot factor (reduced tillage [RT] and conventional tillage [CT]), and treatments (a 
combination of cropping systems and fertilizer levels) were treated as the sub-plot factor. Only 
cultivation year (F(2.48) = 9.12, p < 0.001) and the cultivation year and tillage interaction (F(2.48) = 22.41, 
p < 0.001) significantly affected weed biomass. Weed biomass and species diversity increased under RT 
from cultivation year 3 to 5. Under CT weed biomass had a slight downward trend and species 
composition was similar across the three years with two dominant weeds representing between 87.2 
and 75.1% of total weed biomass. The results suggest that tillage practices can affect both the biomass 
and diversity of weeds. It is therefore important that practitioners understand such variation and apply 
weed management practices accordingly. 
 
Key words: Conventional tillage, reduced tillage, weed composition, weed dynamics. 

 
 
INTRODUCTION 
 
Conservation agriculture (CA) is advocated to improve 
soil health, optimise crop yields and reduce input costs 
when effectively applying three principles: (i) Minimal soil 
disturbance (including practices such as no-till or reduced 
till); (ii) Permanent soil cover (including  crop  residues  or 

cover crops); and (iii) Crop diversification (inclusion of 
various crops, especially legumes, and introduction of 
rotation or intercropping system) (Dumanski et al., 2006; 
Hobbs et al., 2008; Wall, 2008). In recent years, CA has 
been promoted under small-scale farmers in sub-
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Saharan Africa to improve food security (Mazvimavi and 
Twomlow, 2009), as conventional agricultural practices 
are difficult and costly to implement for many of these 
farmers. For example, it is estimated that up 35% of the 
world’s population do not have access to high input 
technologies (such as intensive soil preparation and use 
of fertilizers and chemicals) associated with conventional 
farming practice (Pretty, 1999). Africa has been slower in 
adopting CA compared to other developing countries, 
and one of the major limiting factors is the number of 
necessary weeding events (Mashingaidze et al., 2012; 
Andersson and D’Souza, 2014). Most weeding is done 
manually, and labour is reported to be a constraint on 
many small-scale farms. Therefore, despite many 
successes achieved in the adoption of CA practices, 
weed management remains one of the biggest 
challenges (Rockstrom and Steiner, 2003; Hobbs et al., 
2008; Giller et al., 2009; Andersson and D’Souza, 2014; 
Nichols et al., 2015).  

Weed biomass, density, composition and temporal 
variation are closely associated with management 
practices, especially tillage (Teasdale et al., 1991; Garcia 
de Leon et al., 2014; Nichols et al., 2015). For example, 
conventional tillage practices may effectively control 
weeds by burial (Froud-Williams et al., 1984; Hobbs et 
al., 2008; Wall, 2008), or stimulate weed germination by 
raising soil temperature (Froud-Williams et al., 1984; 
Teasdale et al., 1991; Murphy et al., 2006). Alternatively, 
minimal or reduced tillage can shift weed composition 
from broadleaf to grass species (Swanton et al., 1999) or 
perennial weeds (Vogel, 1995), or increase weed species 
diversity when specific habitats for certain weeds are 
created (Murphy et al. 2006). Mulch or soil cover may 
reduce or inhibit weed germination through the release of 
allelopathic compounds (Christoffoleti et al., 2007) or 
smothering of weeds (Teasdale et al., 1991; Thierfelder 
and Wall, 2010). Furthermore, weeds can be influenced 
by location, time, nitrogen management (Swanton et al., 
1999), timing of cultivation, rainfall (Teasdale et al., 
1991), crop residue management, crop rotations, harvest 
procedures and other aspects of the production system 
(Wall, 2008).  

Conventional tillage practices have many advantages, 
such as preparation of the seedbed, uniform placement 
of seeds, temporary relief from compaction, and effective 
removal of all weeds prior to planting (Hobbs et al., 
2008), all of which level and clean the soil and simplify 
subsequent farming operations. On the other hand, 
reduced tillage lessens the use of fossil fuels, decreases 
runoff and erosion, thereby conserving soil organic matter 
(SOM) and preventing soil physical degradation (Hobbs 
et al., 2008; Wall, 2008). All three of the CA principles are 
intended to increase SOM, which, in turn, results in 
improved physical, chemical and biological properties of 
the soil that are associated with practising CA (Bot and 
Benites, 2005). High input cost, decrease in soil 
productivity and depletion of SOM could motivate   a   
farmer   to   change   from  conventional  to  conservation 

 
 
 
 

agriculture. However, this change could also present new 
challenges regarding weed management (Rockstrom and 
Steiner, 2003; Murphy et al., 2006).  

It is therefore important to understand not only the 
effect of agricultural practices on weed dynamics, but 
also the temporal variation in weed species expected 
under different agricultural practices. This study aimed to 
understand (a) the effects of conservation and 
conventional agricultural practices (tillage, crop rotation, 
soil cover) on weed abundance and biomass, and (b) 
temporal variation in weed community composition in a 
medium-term field trial at Zeekoegat, Gauteng, South 
Africa. The effect of tillage on weeds was the most 
evident, and therefore discussed in more detail compared 
to other CA aspects, such as permanent soil cover and 
multi-cropping.  
 
 
MATERIALS AND METHODS 
 
Experimental site 
 
To evaluate the effect of CA on soil and plant properties, the 
Agricultural Research Council (ARC) initiated the Zeekoegat on-
station, dryland field trial. The trial started in October 2007 and 
ended, after 6 growing seasons, in May 2013. The trial was 
conducted north of Pretoria at Zeekoegat, Roodeplaat (25°36’55”S, 
28°18’56”E), in Gauteng Province, South Africa. The soil is 
moderately fine to medium structured with a clayey texture (45% 
clay). The long-term, annual mean daily minimum and maximum 
temperatures are 10.8 and 27.1°C, respectively, and the mean 
long-term rainfall for the area is 704 mm year-1 (ARC-ISCW, 2006). 
An automatic rain gauge (Texas 525 TE) was installed adjacent to 
the field trial, providing site specific rainfall measurements for the 
duration of the trial (Table 1).  

 
 
Trial layout 

 
The trial was designed to compare conventional farming practices 
(ploughing and monoculture) with various CA aspects (reduced 
tillage, permanent soil cover and multi-cropping systems). The 
treatment design was a split-split plot, with experimental design, a 
randomised complete block, with three replicates as blocks. Each 
replicate was split into two tillage systems (main plots) with each 
main plot (reduced tillage [RT] and conventional tillage [CT]) further 
subdivided into six treatments (three cropping systems x two 
fertilizer levels (subplots)), giving a total of 36 plots. Repeated 
measurements were taken over years and regarded as sub-sub-
plot factors (Little and Hills, 1978).  

The three cropping systems were: Maize (Zea mays) 
monoculture (MM)), maize/soybean (Glycine max) rotation (MS) 
and maize/cowpea (Vigna unguiculata) intercropping (MC)). The 
maize in the MC treatment was planted in 1.8 m tramline rows to 
accommodate the intercropping of cowpea between maize rows. 
Cowpea and soybean were planted in 30 cm rows. Plot dimensions 
were 7.2 m × 8 m with 0.9 m planting rows for maize.  

Fertilizer was applied at two levels: an optimal level to represent 
ideal nutrient supply, and a low level (50% of the optimal) to 
represent situations of reduced inputs from small-scale farms. The 
optimal level was calculated according to the fertilizer application 
guidelines and soil analysis, using a target yield of 4 ton ha-1. 
Fertilizer was band applied during planting (60% of total) and top-up 
fertilizer (40% of total) was surface-applied 6 to 8 weeks later.  

Limestone ammonium nitrate and superphosphate were applied, 
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Table 1. Site-specific rainfall data for Zeekoegat experimental farm (South Africa) for the period 2009 to 2012 indicating rainfall as 
corresponding with crop planting dates and weed sampling dates. 
 

Season Planting start date  
Weed sampling 
start date  

Rainfall for period between 
planting and sampling (mm) 

Total rainfall for 
season* (mm) 

Season* 3 2009/10 18 November, 2009 13 January, 2010 294.2 1316.7 

Season* 4 2010/11 29 November, 2010 25 January, 2011 544 1010.8 

Season* 5 2011/12 29 November, 2011 10 January, 2012 200.1 571.5 
 

*Season started in June and ended in May. 

 
 
 
but no potassium fertilizer was needed, as the natural K content of 
the soil was very high (average of 475 mg kg-1). For legumes, only 
superphosphate was used (assuming a target yield of 1 ton ha-1 
seed).  
 
 
Land preparation and weed management 
 
At the onset of each season (October), all crop residues from the 
previous season were flattened and slashed. The CT plots were 
ploughed with a mouldboard plough and then disked with a disk 
harrow. Furrows for planting were drawn with a four tine cultivator 
frame. The RT plots were undisturbed, except for furrows, created 
similar to those in the CT plots. Crops were manually planted with a 
hand-held planter.  

Weed control was applied consistent across the trial and 
comprised a combination of chemical treatment (before and after 
planting) and manual weeding (hand hoed 2 to 3 times after 
planting). Every year, during November, just before planting, a 
mixture of Roundup® (glyphosate) and DualGold® (S-metholachlor) 
was applied equally across the trial by using a tractor and sprayer. 
This was repeated the day after planting, before crop emergence. 
Crops were planted after significant rainfall, usually by the end of 
November or early December. After crop emergence, weeds 
between the crops were manually removed instead of chemically, to 
prevent negative interaction of chemicals with microbial populations 
which were sampled during January each year.  
 
 
Data collection 
 

The Zeekoegat trial was designed to quantify effects of CA on soil 
and plant properties, and since weed evaluation was not originally 
included in the aims of the trial, weed data was initially 
opportunistically collected. However, in the third trial season 
(2009/10) the obvious difference between weed composition under 
reduced and conventional tillage systems served as a motivation to 
start thorough weed data collection. Weed samples were thus 
collected for three consecutive years, in January 2010 (third 
cultivation year (Yr 3)), January 2011 (Yr 4) and January 2012 (Yr 
5). Weeds were sampled before the first manual weeding, which 
only occurred in January of each year (Table 1). The first weeding 
was delayed due to the nature of the sampling (chemical weed 
control interfered with biological samples for microbial research), 
and due to the planting time (logistic constraints during December 
holidays). This situation is representative of most small-scale 
farming practices, where either labour for manual weeding or 
funding for chemical treatments is limiting and weed control remains 
a challenge.  

Two 1 m2 quadrants were destructively sampled for weed 
biomass from each plot. Samples were taken in a fixed grid to 
eliminate bias sampling. Individual weeds were removed at ground 
level (above-ground biomass) after which they were oven-dried at 
40ºC and weighed. The weights of two dominant weeds, large thorn 

apple (Datura ferox L.) and purple nutsedge (Cyperus rotundus L.), 
were measured separately, to calculate their relative abundance. 
Other weeds, which included flax-leaf fleabane (Conyza 
bonariensis (L.) Cronquist), khaki weed (Tagetes minuta L.), khaki 
bur weed (Alternanthera pungens Kunth), common blackjack 
(Bidens pilosa L.), narrow-leaved ribwort (Plantago lanceolata L.), 
and devil’s thorn (Tribulus terrestris L.) were grouped in a separate 
class ‘Other’. The focus was initially only on large thorn apple and 
purple nutsedge as they were the obviously dominant weeds. By 
the fifth cultivation year, other weeds were also becoming 
dominant, albeit in the RT plots (such as flax-leaf fleabane and 
khaki weed), but since these species were not included from the 
start, they were not specified at the end.  

Maize yield was determined by hand harvesting two 5 m rows 
from the centre of the plots. Plants and cobs were counted. Cobs 
were removed and grain was stripped and weighed. Values were 
adjusted by taking into account the moisture content of the grain.  

 
 
Statistical analyses 

 
Weed biomass data was subjected to analysis of variance 
(ANOVA), using a split-split-plot model, with tillage as main-plots, 
treatments as sub-plots, and year as sub-sub-plots (sub-samples) 
(Little and Hills, 1978). ANOVA was used to test differences 
between effects. The data was acceptably normal distributed and 
separated using Fishers' protected t-test least significant difference 
(LSD) at the 5% level of significance (Snedecor and Cochran, 
1967). This was done using Genstat Statistical package (Genstat, 
2011).  

Cluster analysis (vertical hierarchical tree plot) was used to 
statistically analyse data on weed biomass using STATISTICA 6.1 
(StatSoft Inc. Tulsa, OK, USA). A dendrogram was constructed with 
Ward’s clustering algorithm, and the Euclidean distance measured, 
that is, the geometric distance between variables in a 
multidimensional space. Since our study was not designed and set 
up to investigate the effect of weeds on yield performance, we 
could not formally test these effects. However, we used a linear 
regression model between weed biomass and grain yield as 
heuristic test to evaluate effect of weed biomass on grain yield. 
Finally we used a Shannon-Wiener diversity index and Evenness 
index to investigate effect of tillage on species richness and 
abundance (Magurran, 1988).  

 
 
RESULTS AND DISCUSSION 

 
During the three sampling years, rainfall was poorly 
distributed and resulted in low grain yields and low 
biomass production with subsequent low, ineffective soil 
cover (Figure 1). Soil moisture has a significant effect in 
delaying or restricting crop and weed  emergence,  which
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Figure 1. Crop biomass under reduced (RT) and conventional tillage (CT) for three consecutive years 
during weed sampling. 

 
 
 

can affect the outcome of interference between crops and 
weeds (Roberts, 1984). The low soil water could delay 
weed seedlings, which could result in possible 
insignificant responses of weeds to cropping systems 
(Roberts, 1984). However, the comparative results from 
weeds under different tillage systems were more 
enhanced, as well as comparisons across three 
consecutive years. For this reason, the focus of the 
results is on the tillage aspects of the two farming 
systems (CA vs. conventional agriculture), and how this 
changed over the three sampling years.  
 
 
Weed biomass 
 
Weed biomass was significantly affected by cultivation 
year (F(2,48) = 9.12, p < 0.001), as well as the cultivation 
year and tillage interaction (F(2.48) = 22.41, p < 0.001). 
No other main effects or interactions were statistically 
significant. Weed biomass under RT systems was low in 
the third cultivation year (weed biomass for cultivation 
years 1 and 2 was not determined), but increased 
significantly by the end of the fifth cultivation year (Figure 
2). Under CT, however, weed biomass was initially high, 
but it stayed more constant, possibly showing a tendency 
to decrease (Figure 2).  

The results suggest that a temporal variation can be 
expected; with an increase in weed biomass under RT 
practices, while under CT  practices  weed  biomass  was 

more stable over cultivation time. Similarly, we detected a 
temporal trend in weed species diversity, where species 
diversity increased under RT but decreased under CT 
(Figure 3). Following this trend we would expect a time 
effect on species composition, with higher diversity the 
longer the trial continues. Indeed species diversity for the 
last year (5

th
 year of treatment) suggests that RT had a 

higher species diversity than CT (Table 2). CT also had a 
low Evenness index (E), which suggests that CT is 
dominated by a few weed species, but that these species 
occurs in high abundance, while RT had a lower E value 
and hence higher diversity, but at lower abundances 
(Table 2).  

The interaction between tillage and cultivation year is 
illustrated in the cluster analysis (Figure 4). Cluster 
analysis assigns treatments into groups, thus clustering 
similar treatments together. Three distinctive clusters 
were identified, with a RT-only cluster on the left 
(exclusively from cultivation years 3 and 4), a CT-only 
cluster on the right (mainly from year 3 and 5), and 
thirdly, a mixed cluster (consisting of both CT and RT) 
closely linked to the CT-only cluster. It is interesting to 
note that the RT treatments included in the mixed cluster 
are all from cultivation year 5, where the biomass was, 
contrary to previous cultivation years, exceptionally high. 
The dendrogram successfully illustrated the shift in weed 
biomass dynamics under CT and RT from the third to the 
fifth cultivation year.  

The results concur with other authors (Teasdale  et  al.,
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Figure 2. Effect of tillage practice (CT = conventional tillage; RT = reduced 
tillage) and cultivation year on weed biomass (g m-2) at the Zeekoegat field 
trial, 2009-2012. * Significant differences are indicated by different letters 
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Figure 3. Shannon-Wiener diversity index of specie. 

 
 
 
1991; Vogel, 1995; Mashingaidze et al., 2012) who also 
recorded increased weed biomass with cultivation time 
under RT practices. The relatively high weed biomass 
(14.69 to 79.51 g m

-2
) corresponds with results from 

Vogel (1995), who reported values ranging between 20 
and 220 g m

-2
 on small-scale farms, as well as Teasdale 

et al. (1991) with values between 48 and 623 g m
-2

 on a 
maize-based system. Furthermore, the temporal variation 
in weed biomass under different tillage practices concurs 
with Swanton et al. (1999) who reported that weed 
biomass varied between tillage practice and cultivation 
year. In conventionally tilled soils, this  can  be  explained 

by the increase in environmental variables, such as 
temperature and moisture, as a result of tillage. 
Increased environmental variables could lead to more 
favourable conditions in certain years, and this in turn 
could lead to a large year-to-year variation in weed 
density (Clements et al., 1996). Additionally, tillage could 
increase the soil temperature and stimulate weed 
germination (Froud-Williams et al., 1984). Weed biomass 
in tilled soils could thus be a function of burial depth, 
periodicity of emergence, climatic conditions such as 
rainfall and temperature (Froud-Willliams et al., 1984; 
Teasdale  et  al.,  1991;  Mashingaidze  et  al.,  2012)   or 
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Table 2. Shannon-Wiener (H) and Evenness (E) index for the last 
cropping season (Yr 5). 
 

 Conventional tillage 
(CT) 

Reduced tillage 
(RT) 

H 0.944 1.564 

E 0.485 0.804 
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Figure 4. Dendrogram illustrating the clustering of weed 
biomass under CT and RT from the third to the fifth cultivation 
year. 

 
 
 
density dependence due to change in spatial distribution 
(Garcia de Leon et al., 2014). In contrast, under RT soils, 
weed seeds are often buried shallower, which might lead 
to more weed germination. Weed germination under RT 
systems would more likely be linked to rainfall than 
temperature, as is the case in CT (Froud-Williams et al., 
1984). Thus, weed biomass, emergence or diversity 
might be increased or decreased in both tillage systems, 
but for different reasons. It is therefore possible to see 
large year-to-year fluctuations between RT and CT as the 
specific weed seed bank changes, or certain climatic 
factors favour one or the other system (Menalled et al., 
2001; Murphy et al., 2006).  
 
 
Weed diversity 
 
The CT system was annually dominated by the two 
pioneer weed species, that is, large thorn apple and 
purple nutsedge, which when combined, contributed to 
87.2% (yr 3), 75.1% (yr 4) and 78.5% (yr 5) of the total 
weed biomass (Figure 5). Ploughing seems to be 
conducive for these species, and one possible reason 
therefore might be the succession of a plant community 
that must start anew each year after ploughing, resulting 

in these dominant pioneer plants germinating first. 
However, under RT systems, there was a temporal 
increase in the relative weed diversity (Figure 5) largely 
due to the successional trajectory of the weed community 
(Murphy et al., 2006). Weed communities are indicative 
of ecological succession, and since a reduction in soil 
tillage leads to a reduction in agro-ecosystem 
disturbance, the associated change in weeds can be 
measured accordingly (Clements et al. 1996). Under RT 
the dominant weeds (large thorn apple and purple 
nutsedge) actually declined in biomass (34.8% [yr 3], 
28.3% [yr 4], 13.4% [yr 5]; Figure 5). The decrease in 
pioneer weed species under RT coincided with an 
increase in other weeds, such as flax-leaf fleabane, khaki 
weed, khaki bur weed, common blackjack and devil’s 
thorn (Figures 3 and 5).  
 
 
Crop performance 
 
Since this study was not set up to investigate the impact 
of weeds on crop performance, our results on crop 
performance here should be interpreted cautiously. For 
example, we did not have control sites, and as such we 
cannot investigate the effects of weeds on grain yields. 
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Figure 5. Temporal variation in weed species composition expressed in percentage of biomass, 
under conventional tillage (left) and reduced tillage (right) practices, for a long-term trial at 
Zeekoegat. 

 
 
 
Nonetheless, using a linear regression model heuristically 
suggested that in this trial weed biomass had a negligible 
effect on grain yield (Figure 6). We provide two, not 
necessary mutually exclusive, hypotheses for this 
observation. First, rainfall during the trial was poorly 
distributed, especially during key grain growing periods. 
Such varying rainfall could have caused low grain 
performance, irrespectively of weed biomass (Roberts, 
1984). Secondly, weeding was done timeously before 
interference with critical developmental stages. According 

to Hall et al. (1992), maize yields will not be reduced if 
weeding is done between the 3 and 14-leaf stage, 
depending on climatic and site conditions. Overall our 
observation concurs with Murphy et al. (2006), where 
increased weed species composition under commercial 
no-till systems did not result in significant crop losses. 
Nonetheless, in smallholder CA systems increased weed 
biomass and diversity could lead to an increase in the 
amount of labour required for weeding, or alternatively 
requires increased use of herbicides (Giller et al., 2009;
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Figure 6. Effect of weed biomass on maize grain yield under conventional tillage and 
reduced tillage practices, for a long-term trial at Zeekoegat. 

 
 
 
Andersson and D’Souza, 2014), which can be a major 
limitation in implementation of CA on small-scale farms.  
 
 
CONCLUSION AND MANAGEMENT IMPLICATIONS 
 
After five cultivation years of CA practices, a measurable 
shift in weed biomass and species composition was 
observed. Low weed diversity under conventional farming 
practices (ploughed soils), changed into a diverse weed 
population under CA practices in a relatively short time 
period. Cover crops and crop rotation did not have an 
effect on weed biomass, due to low and poorly distributed 
rainfall that resulted in low biomass production from 
previous years, in turn leading to ineffective soil cover 
and weed suppression. Tillage and cultivation year, 
however, did have an effect, and while weed biomass 
was initially low under RT in cultivation year 3, it had 
increased considerably by cultivation year 5. Species 
composition also changed; the two main pioneer weeds 
(large thorn apple and purple nutsedge) made up a 
decreasing fraction of the weeds under RT, while under 
CT, more than three quarters of the weed biomass 
consisted of these two weeds. Adaptable weed 
management (where continued monitoring of a system 
should influence the decision-making process and can be 
changed as needed, depending on available resources) 
or integrated weed management (combination of 
biological, chemical and mechanical weed management) 
should be practised for effective weed control. Such 
weed control programmes can include crop rotation and 
application of mulch (Teasdale et al., 1991; Swanton and 
Murphy, 1996). Cover crops or mulch only suppress 
weeds effectively when the cover is adequate, and 

should cover at least 30% of the soil surface (CTIC, 
1999).  
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