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Irrigation practice across the world is vital to successful green revolution all year round to achieving 
sustainable development goals in food security, socio-economic and rural development. However, 
irrigation practice in Nigeria has not achieved the set goals despite the huge investment involved. 
Moreover, the level of investment and abundant water resources ought to have expedited the goals of 
food self-sufficiency and socio-economic development in the country. This review attempts to uncover 
the underline issues regarding the irrigation practice in Nigeria through the evaluation of past and 
present practices, and its future prospects. The review showed that the major persistent issues that 
have been hindering the performance of irrigation practice to achieving the set goals were inconsistent 
government policies, lack of political commitment, low awareness and lack of technical know-how 
among the farmers on irrigation farming system, and untimely financial intervention. In addition, the 
communication gap between the government and the farmers was responsible for some cases of 
underutilization and abandonment of large-scale irrigation system. The study concluded that to achieve 
food security and socio-economic development through irrigation systems practice in Nigeria, there is 
need to provide proper policy framework, appropriate technology, and farmers’ awareness and their 
inclusion in the decision making process. 
 
Key words: Irrigation practice, Green revolution, socio-economic development. 

 
 
INTRODUCTION 
 
Nigeria is located between Latitudes 4° and 14° N and 
Longitudes 3° and 15°E on the Gulf of Guinea with a land 
mass of 923,768 km

2
, signifying about 14% of the West 

African landed area (Balarabe et al., 2016). 
Approximately, 13,000 km

2
 (1.4%) of the land is covered 

by water and the remaining 98.6% ranges from thick 
mangrove forests and dense rainforests in the south to a 
near-desert  condition  in  the  north-eastern  part  of  the 

country (Ibe and Nymphas, 2010). Additionally, the 
country has a coastline of over 853 km with about 80% in 
the Niger Delta region. The country is adjoined by four 
countries including the Republic of Benin in the West, 
Niger and Chad Republic in the North, the Cameroon 
Republic in the East, while the Atlantic Ocean forms the 
southern limits of the territory (FAO-Aquastat, 2016). 
There are three distinct ecological  zones  in  the  country  
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Table 1. Agro-ecological zones of Nigeria with some climatic characteristics. 
 

Zone description 
Percentage of country  

area 

Annual rainfall  

(mm) 

Monthly temperature (°C) 

Minimum Normal Maximum 

Semi-arid 4 44 - 600 13 32-33 40 

Dry sub-humid 27 600 – 1000 12 21-31 49 

Sub-humid 26 1000 – 1300 14 23-30 37 

Humid 21 1100 – 1400 18 26-30 37 

Very Humid 14 1120 – 2000 21 24-28 37 

Ultra Humid (Flood) 2 ˃ 2000 23 25-28 33 

Mountainous 4 1400 – 2000 5 14-29 32 

Plateau 2 1400 – 1500 14 20-24 36 
 

Source: Kundell (2008). 

 
 
 
including Guinea savannah, Northern Sudan savannah 
and Southern rainforest (Cosmas et al., 2010). However, 
the agro-ecological zones, governed by the combined 
effects of rainfall variations, soil, humidity, and 
temperature, are divided into eight zones for the purpose 
of irrigation practice (Table 1). 

The climate in Nigeria is characterized by relatively 
high temperature and variations in the amount of 
precipitation throughout the year with alternating two 
seasons (rainy and dry) (Ibe and Nymphas, 2010). The 
rainy season is generally from April to October and the 
dry season from November to March, with some degrees 
of spatial and temporal variations in the amount and 
distribution of rainfall across the agro-ecological zones 
(Akande et al., 2017; Bibi et al., 2014). The southern part 
of the country has the highest average annual rainfall, 
ranging from 1524 to 2035 mm with duration of eight to 
nine months. The middle belt ranges from 508 to 1524 
mm while it is less than 508 mm annually for a period of 
five to six months in the north and less than four months 
in the far north (Oriola and Alabi, 2014).  

Furthermore, a short dry season is known as “August 
break” generally comes up in the month of August.  The 
dry season persists from late October to early March. 
This period witnesses dusty north-east winds (Chineke et 
al., 2010). However, the Northern Nigeria which 
experiences short wet season, the dry season is very 
long, from October to mid-May. Annually, the average 
temperature ranges from 21 to 32°C in the south while 
the north has a temperature range of 13 to 41°C. Nigeria, 
the most populous country in Africa, was estimated to 
have a population of over 140 million in 2006 and the 
United Nation estimate in 2015 was roughly 181 million 
(United Nations, 2017). However, the exponential 
projection growth in the population has not translated to 
food sufficiency but rather the agricultural production is 
on the decline. There is an uneven spatial population 
distribution with about 65% living in rural areas and the 
rest in urban areas (Aidi et al., 2016). The major 
occupation of people in rural areas is agriculture but with 
a low level of productivity (Dayo et al., 2009). The level of 

food insecurity in the rural areas of Nigeria is alarming 
with 84.3 % reported in some communities in the north 
and about 56% in the south west of the country (Akinyele, 
2009). The country relies mostly on the importation of 
agricultural produce to feed its growing population in spite 
of her production potential in agriculture. The only way 
out to address the challenges of food insecurity and rural 
poverty is to find the solution to agricultural production in 
the country (Xie et al., 2017). 

In Nigeria, agriculture remains the bedrock of the 
economy as it provides a living for the majority of its 
populace. World Bank (World Bank, 2014) reported that 
the agricultural sector alone accounts for 33% of the total 
GDP of Nigeria and the sector employs around 23% of 
the total economically active population (FAO, 2014). 
Agriculture used to be the Nigerian major source of 
foreign exchange from independence in 1960 up to the 
mid-1970s when Nigeria was the world‟s largest producer 
of groundnuts, palm oil, and cocoa, and one of the major 
producers of millet, maize, yam, cassava, coconuts, 
citrus fruits and sugar cane (Ladan, 2014). However, the 
sector has been on the neglect and contributed less 
economically since the early 1970s when attention was 
shifted to oil revenues. Notwithstanding the reliance of  
the country‟s economy on proceeds from oil export, 
Nigeria remains agrarian with her endowed substantial 
natural resources including 68 million hectare of arable 
land, abundant freshwater resourcess covering about 12 
million hactare, and an ecological diversity which enables 
the country to produce a wide variety of crops and 
livestock, forestry and fisheries products (Arokoyo, 2012). 
Moreover, the dry northern savannah is appropriate for 
sorghum, millet, maize, groundnuts, and cotton while 
cassava, yam, plantain, maize, and sorghum can 
successfully be grown in the Middle Belt. Cash crops like 
oil palm, cocoa and rubber can be grown in the South 
whereas low-lying and seasonal flooded areas can grow 
rice (FAO-Aquastat, 2016). The government has 
acknowledged the need to diversify the country‟s 
economy by giving adequate attention and promoting the 
development  of  the  agricultural  sector  in  order  to shift  



 
 
 
 
from a mono-cultural economy of oil exports (Olajide 
et al., 2012).  

Farming system in Nigeria can still be regarded as 
subsistence-based and it is predominantly rainfed, which 
makes it overly dependent on weather fluctuations. The 
irrigated agriculture only accounts for one percent of the 
cultivated area (FAO-Aquastat, 2017). Many farmers are 
out of jobs during the dry season and local food prices 
are on the rise as a result of food scarcity during this 
period. However, the green revolution requires all-year-
round farming. The role of irrigation cannot be ignored as 
it is the only way to achieve the mandate of “Green 
Alternative” of the present administration. Hence, there is 
a need to evaluate the irrigation practices in the country 
so as to know what has been done in the past, the 
present status, and how to improve for the future 
developments. 
 
 
HISTORY OF IRRIGATION PRACTICES IN NIGERIA 
 
The irrigation practice in Nigeria can be traced back to 
700 AD (Olubode-Awosola and Idowu, 2004), however, 
became more pronounced after the drought of 1970-
1975. Sojka et al. (2002) defined irrigation as the practice 
of applying additional water, beyond what is available 
from rainfall, to the soil to enable or enhance plant growth 
and yield, and, in some cases, the quantity of foliage or 
harvested plant parts. Furthermore, water could be 
sourced from groundwater through pumping to the 
surface or surface water diversion from one landscape 
position to another. The traditional application of water to 
land for dry season farming was first conceived in 
northern Nigeria in form of gravity, bucket/calabash and 
pump methods by farmers without any financial 
assistance from the government (Yahaya, 2002).  Food 
and Agriculture Organization of the United Nations (FAO) 
classified irrigation scheme into three, based on land 
mass size such that large irrigation scheme has over 
10,000 ha, between 100 – 1000 ha is classified as 
medium-scale scheme while the small-scale scheme has 
less than 100 ha (Moris and Thom, 1990). Figure 1 
shows some selected large-scale irrigation schemes 
across Nigeria. 

In Nigeria, irrigation schemes and projects consist of 
three categories; the public irrigation schemes, which are 
government-executed schemes, the farmer-owned 
irrigation scheme, and the floodplains called fadama 
irrigation scheme. As the dire need for irrigated crop 
cultivation grew, a study was carried out in 1972 to 
examine the water resourcess and irrigation development 
potential in the country. Consequently, the study led to 
the institution of three models public irrigation schemes; 
namely the Bakolori scheme, the Chad Basin scheme, 
and Kano River irrigation scheme (NINCID, 2015). 
Subsequently, additional eleven more River Basin 
Development Authorities (RBDAs) were added across the  

Adelodun and Choi          2089 
 
 
 
country after the success of the pilot schemes in 1976. 
These RBDAs include the Niger Basin; Lower Benue 
Basin, Upper Benue Basin, Lake Chad Basin, Benin-
Owena Basin, Sokoto Rima Basin, Hadejia Jama‟are 
Basin, Cross River Basin, Ogun Osun Basin, Anambra-
Imo Basin, and Niger Delta Basin.  Their mandates 
among other things were to carry out developmental 
functions of irrigation infrastructures in their respective 
agro-ecological zones so as to promote irrigated 
agriculture in order to enhance food self-sufficiency.  

Moreover, the rural water supply function was added to 
the functions of the established river basins and this 
brought about the change of name from the initial River 
Basin Development Authorities (RBDAs) to River Basin 
and Rural Development Authorities (RBRDAs) in 1995. 
Figure 2 shows the Map of River basins and their 
locations in Nigeria. Through the RBRDAs, about 162 
dams with 11 billion m

3
 reservoir capacity were 

constructed, with the intention to irrigate about 725,000 
ha. However, the expected efficiency and sustainability of 
these large-scale public irrigation schemes to provide 
food sufficiency were not met as only about 32% of 
actually irrigated areas of equipped areas were covered 
(Table 2). Most of these schemes have become obsolete 
due to high operating costs, poor maintenance culture by 
the beneficial of the schemes.  

In order to arrest these situations, with the available 
abundant water resourcess, there was a policy shift to 
small-scale irrigation through state‟s Agricultural 
Development Projects (ADPs) funded by the World Bank. 
Boreholes and tube wells were constructed across 
Nigeria‟s northern states and motor pumps were 
distributed to lift the water for irrigation (Kimmage, 1991). 
Inland valley bottoms were explored and executed in 
phases, Fadama I, II and III, as National Fadama 
Development Program by providing financial support to 
farmers for the procurement of irrigation facilities 
including boreholes, irrigation pumps, and tube wells in 
such fadama areas (Takeshima and Yamauchi, 2012, 
Nkonya et al., 2012). Despite these efforts, with large and 
small-scale irrigation systems combined, the earlier 
performance of agricultural production in terms of food 
production and economic growth has not been matched.  

Regardless of the combined outputs of the irrigations 
systems, the private small-scale schemes and improved 
fadama development program have witnessed improved 
performances based on the Federal Ministry of water 

resourcess assessment as presented in Table 3. Kolawole 
(1988) opined that the declining in the performance of the 
irrigation schemes is as a result of the combination of 
technical, economic, social, institutional, and political 
factors. Moreover, Olowa and Omonona (2008) identified 
higher value in actually irrigated areas of Hadejia 
Jama‟are in comparison to the equipped areas as a result 
of importance of irrigation in the region, where the rainfall 
is very low and there are incidences of drought, compare 
to the  southern  parts of  the  country where the rainfall is 
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Figure 1. Map of Nigeria showing the locations of some selected major irrigation schemes.  
 
 
 

 
 

Figure 2. Map of Nigeria showing the River Basins. 
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Table 2. Equipped and irrigated areas in the River Basin development authorities for the year 2004. 
 

River Basin Development Authority 
Equipped 
area (ha) 

Actually irrigated 
area (ha) 

Actually irrigated as a percent of 
the equipped area (%) 

Anambra-Imo 3941 10 0.3 

Benin-Owena 317 0 0.0 

Chad Basin 26180 1000 3.8 

Cross River 364 40 11.0 

Hadejia Jama‟are (areas outside the equipped area 
used water from the main canal for irrigation) 

18475 21000 113.7 

Lower Benue 1310 70 5.3 

Niger Delta 187 0 0.0 

Lower Niger 1344 115 8.6 

Upper Niger 3697 722 19.5 

Ogun-Osun 512 110 21.5 

Sokoto Rima 27580 5290 19.2 

Upper Benue 8410 783 9.3 

Total 92317 29140 31.6 
 

Source: FAO-Aquastat (2016). 

 
 
 
Table 3. Structure of the irrigation sub-sector in Nigeria for the year 2004. 
 

Scheme type 
Equipped area 

(ha) 
Actually irrigated 

area (ha) 
Actually irrigated as percent of the 

equipped area (%) 

River Basin Development Authorities 92317 29140 32 

State schemes 12200 6700 55 

Private sector-sugar schemes 5600 0 0 

Private small scale schemes 128000 128000 100 

Improved fadama (equipped low land) 55000 55000 100 

Total 293117 218840 75 
 

Source: FAO-Aquastat (2016). 

 
 
 
relatively high.  
 
 
CURRENT CONDITIONS OF IRRIGATION 
DEVELOPMENT 
 
Irrigation farming allows farmers to produce all year 
round thereby resulting in higher agricultural outputs and 
improved farmers income. However, in Nigeria, the 
current state of irrigation development has not been fully 
explored. Currently, only 45% of the total irrigation 
potential of 2.0 million ha, is under irrigation. The 
northern part of the country where the average rainfall is 
very low as 70% of the total irrigation potential and about 
20% can be found in the humid south with the balance in 
the central and western plateau areas. The country has 
huge potentials for irrigation with dam projects spread all 
over the country. However, most of the dams, the ones 
that the government has invested in, are either under-
utilized  for   irrigation   or   abandoned   (Yahaya,  2002). 

Irrigation scheme like the Hadeja-Jama'are river project, 
the utilization of the project is just about 50% while the 
Zobe dam in Dutsin-Ma in Katsina, which was 
constructed 40 years ago, currently has very the little 
irrigation activities. Also, at the Bakolori irrigation dam in 
Zamfara State, under the Sokoto Rima Water Project, the 
area cultivated is not commensurate with the amount of 
water in the dam. 

According to the Federal Ministry of water resourcess 
(FMWR, 2017), in Nigeria, there are about 264 dams with 
a combined storage capacity of 33 billion m

3
 of water for 

multipurpose use that includes water supply, irrigation, 
hydropower, fisheries and eco-tourism, of which 210 are 
owned by the Federal Government, 34 by the States and 
20 by the private organizations. These dams have 
combined of about 350,000 ha of irrigable land around 
the vicinities ready for development. Moreover, there are 
27 on-going small earth dams nationwide with a total 
potential irrigable land 2,700 ha. The government is 
currently  making  frantic  efforts  to revive the agricultural  
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Table 4. Comparative yields of selected crops in rainfed and irrigated 
agriculture. 
 

Crop 
Yield 

Rainfed (tonnes/ha) Irrigated (tonnes/ha) 

Rice 2.51 3.58 

Maize 2.97 3.87 

Tomato 6.41 8.42 

Pepper 4.25 5.76 

Onions 6.10 6.60 

Sugarcane 6.50 26.00 

Wheat - 2.80 
 

Sources: Tashikalma et al. (2014) and Kundell (2008). 

 
 
 
sector among which is a policy on placing a ban on the 
importation of some agricultural products like rice, cocoa, 
vegetable, among others, that can be abundantly 
produced in the country. This is to enable the farmers to 
have the confidence to produce more by exploring the 
available irrigation infrastructures. Tashikalma et al. 
(2014) investigated the profitability of rice, maize, tomato 
and pepper under both rainfed and irrigated agriculture 
for 2007 to 2009 seasons. Similarly, Kundell (2008) 
compared the yields of selected crops including onions, 
sugarcane, and wheat for the 1998/1999 season. The 
result as presented in Table 4 shows that there is an 
appreciable increase in the yields of agricultural 
production in irrigated agriculture as compared to rainfed 
agriculture. 

Apart from the provision of irrigation infrastructures, the 
Nigerian farmers have also recently benefitted financial 
supports of US$495.3 million under the Transformation 
Irrigation Management in Nigeria (TRIMING) project from 
the World Bank (World Bank, 2014). This is to enhance 
improvement of the existing irrigation on 27,000 hactare 
and benefit more than 140,000 farmers while mobilizing 
private sector investment. The project aims to expand 
food production and spawn economic growth in rural 
areas through large-scale public irrigation improvement. 
Currently, the total investment for Nigeria in irrigation 
projects from 2016 to 2017 is estimated at $443 million 
(World Bank, 2014). The investment expected to cover 
small-scale irrigation development, rehabilitation/ 
modernization of irrigation schemes, and large-scale 
irrigation development. The source of funding for the 
project is dominated by public sources such as the 
Federal and State Government of Nigeria. The project is 
expected to bring about 34,881 ha under irrigation while 
the surface benefitting from the rehabilitation of irrigation 
schemes would be 57,198 ha (World Bank, 2014). 
Nigeria agricultural sector has witnessed policies 
instability by the different administrations over the years. 
This has not only made the application of policy 
instruments unstable but also hinders the general 
developmental objectives of the agricultural sector  in  the 

country. A sizeable number of policy documents have 
been produced ever since Nigeria started dam 
construction and large-scale irrigation schemes in the 
1970s (Ugalahi et al., 2016). National water resourcess 
(NWR) policy, Draft of National Irrigation Policy, water 

resourcess infrastructure operation and maintenance 
policy and financial report of the water resources strategy 

are examples of policies and documents on irrigation 
between 1998 and 2007 (World Bank, 2014). Among the 
recently set up policy frameworks is the project 
resettlement framework under the need for transforming 
irrigation management in Nigeria (Elufioye, 2017). The 
policy is designed to provide the procedures and 
guidelines that would be followed in taking care of any 
anticipated resettlements. The farmers are in dire need of 
this policy to restore the trust and build harmonize the 
relationship between them and the government. Similarly, 
a new policy on agricultural promotion (Agricultural 
Promotion Policy 2016-2020) was recently launched to 
institutionalize all the stakeholders involving in 
agricultural production to find a lasting solution to the 
perceived challenges and implementation plans of the 
policy framework (Ojong and Anam, 2018). 

Furthermore, in 2014, Nigeria government partnered 
with Food and Agriculture Organization to finalize the 
2006 draft of the National Irrigation and Drainage Policy 
and Strategy (NIPD) which is expected to provide the 
essential framework that will guide the sustainable 
irrigation development, create an enabling environment, 
and stimulate private sector investment in irrigation 
development.  
 
 
CHALLENGES OF THE IRRIGATION SYSTEM IN 
NIGERIA 
 
The performance of agricultural use of irrigation water in 
sub-Sahara Africa, as compared to Asia, has been 
characterized by inefficiency and poor management 
(Nwa, 2003). However, Nigeria irrigation system has 
recently started   receiving  due  attention  and there is an  
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Tables 5. Comparing fund availability for Kampe-Omi and Tada-Shonga irrigation schemes (2004-2010). 
 

Farming 
season 

Kampe-Omi Tada-Shonga 

Land area 
irrigated 

(ha) 

Fund 
required 

($) 

Fund 
released 

($) 

% of fund 
released 

Land area 
irrigated 

(ha) 

Fund 
required 

($) 

Fund 
released 

($) 

% of fund 
released 

2004/2005 85 4054.05 1790.54 44.16 28 10135.14 N.A N.A 

2005/2006 70 3513.51 1824.32 51.92 28 11486.49 N.A N.A 

2006/2007 105 4054.05 1756.76 43.33 12 5405.41 3378.38 62.5 

2007/2008 94 3716.22 1418.92 38.18 15 18457.25 8108.11 43.93 

2008/2009 100 4256.76 1689.19 39.68 40 38496.96 16891.89 43.87 

2009/2010 92 3378.38 1560.81 46.20 38 37155.41 N.A N.A 
 

Source: Oriola and Alabi (2014) (with modification) *$1 equivalent to N148 (exchange rate), N.A means Not available. 

 
 
 
observed facelift in its development. Nevertheless, there 
are still underline challenges that need to be adequately 
addressed in other to meet up with its developmental 
objectives such as contributing substantially to the 
national economy, and rural development.  

Firstly, Nigeria irrigation development has been faced 
with inconsistent and unstable policies and inappropriate 
legal framework over the years. Water and agriculture are 
regarded as separate entities under different ministries 
(Ugalahi, 2016). These have made the two to have 
different independent policies formulation. Federal 
Ministry of water resourcess (FMWR) is saddled with the 
policy formulation for irrigation development in Nigeria. 
However, the Federal Ministry of Agriculture and Rural 
Development (FMARD), State Irrigation Departments, 
and River Basin Development Authorities (RBDAs) have 
variant duties regarding the irrigation development in 
Nigeria. Rather than complementing one another to 
ensure sustainability of water resourcess for agriculture and 

consumption in Nigeria, the Ministries and the respective 
agencies have resulted to a competition among one 
another which resulted to a fragmented and conflicting 
approach to irrigation development in the country 
(Goldface-Irokalibe, 2008, World Bank, 2014). 
Notwithstanding the unstable policies witnessed in the 
past, the current government‟s agricultural transformation 
agenda and the finalization of the National irrigation and 
drainage policy and strategy are expected to set things 
right in the future especially in terms of appropriate 
framework and policy stability (FMARD, 2011).  

Secondly, the funding constraint and farmers‟ attitudes 
and awareness towards irrigation systems of crop 
production. For a successful irrigation scheme, apart from 
the provision of irrigation infrastructures, there are other 
required inputs such as operating irrigation equipment, 
operation and maintenance of irrigation infrastructures, 
and technical expertise, which government has been 
responsible for their provision. But, all these are either 
inadequately provided or are not provided at all. 
According to Oriola and Alabi (2014), two of the Nigeria 
irrigation schemes, Kampe-Omi and Tada-Shonga, under 

Lower Niger River Basin Development Authority, received 
less than fifty percent of the funds required for their 
operations between 2004 and 2010 while the status of 
irrigation equipment is presented in Table 5. 
Comparatively, more funds were available for Tada-
Shonga irrigation scheme than in Kampe-Omi irrigation 
scheme (Table 5). Furthermore, Tada-Shonga irrigation 
scheme enjoyed more irrigation equipment than the 
Kampe-Omi irrigation scheme (Table 6). However, more 
land is under irrigation in Kampe-Omi compared to Tada-
Shonga irrigation scheme. Moreover, the percentage of 
the funds released compared to what was required did 
not reflect on the size of the land under irrigation. Oravee 
(2015) reported that the challenges of inadequate funding 
of the river basins can be traced back to 1989 which was 
instrumental to discontinuing of direct involvement in 
farming activities by some of the River Basins and Rural 
Development Authorities and consequently leading to the 
ineffectiveness of the scheme.  In conclusion, the 
attitudes and interests of the participating farmers have a 
larger role to play when it comes to Nigeria irrigation 
farming. The government and its agencies in charge of 
the irrigation systems need to be proactive in discharging 
their duties and correspondingly provide a platform to 
encourage and sensitize the farmers on the need to 
engage in irrigation farming rather than on only rainfed.  

In addition, the farmers are not interested in the 
operation and maintenance of the large-scale irrigation 
facilities. Adekunle et al. (2015) found out that poor 
knowledge of irrigation techniques among the farmers 
was one of the factors affecting their participation in 
large-scale irrigation scheme. Those that manage to 
participate are not equipped with the requisite knowledge 
for the operations and maintenance of the facilities. This 
problem is one of the current challenges being faced by 
the large-scale irrigation scheme in Nigeria. The 
participating farmers see the facilities as government 
properties which should be maintained by the 
government. These do not only make the equipment 
short-lived but have also resulted in the abandonment of 
irrigation  scheme  due to lack of irrigation equipment and  
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Table 6. Status of irrigation equipment in Kampe-omi and Tada-Shonga irrigation schemes. 
 

Equipment 
Kampe-Omi Tada-Shonga 

Number Condition Remark Number Condition Remark 

Tractor 6 Good Not adequate 6 Good Not adequate 

Excavator 1 Good Not adequate 1 Good Not adequate 

Load loader 1 Good Not adequate 1 Good Not adequate 

Pale loader 1 Good Not adequate 1 Good Not adequate 

Grader 1 Good Not adequate 1 Good Not adequate 

Bulldozer 1 Good Not adequate 1 Good Not adequate 

Planter - None Not adequate 1 Good Not adequate 

Boom sprayer - None Not adequate 2 Good Good 

Duty vehicle - None Not adequate 2 1 Good 1 for Repair 

Motorcycle - None Not adequate 2 1 Good 1 for Repair 

Irrigation pump - None Not adequate 4 2 Good 2 for Repair 
 

Not Adequate = NA; No = Number; Source: Oriola and Alabi (2014). 
 
 
 

infrastructure to make use of. There has been limited 
stakeholders‟ participation as well as inadequate 
attention to operation and maintenance of irrigation 
systems. Also, farmers see other agricultural inputs and 
services such as fertilizers, tractors, harvesters, as more 
important than agricultural water. They tend to seek more 
government interventions on these agricultural inputs 
more than the provision of agricultural water through 
irrigation facilities. 

Moreover, the use of technology in large-scale irrigation 
systems for agricultural operations including land 
clearing, land leveling, and excavation of soil for the 
construction of canals and drains tends to destroy small-
scale farming systems and render most of the practicing 
farmers homeless (Yahaya, 2002). Anyebe (2015) opined 
that the Sokoto Rima River Basin Development Authority 
has failed in one of its objectives of flood prevention and 
control which has resulted in loss of agricultural 
farmlands and displacement of farmers. Similarly, rice 
plantation of about 3,200 ha under Tada-Shonga 
irrigation scheme, one of the schemes under Lower Niger 
River Basin Development Authority, was inundated by the 
flood. The current challenge of incessant flooding is a 
threat to large-scale irrigation farming system to ensuring 
food security and rural development. However, the 
farmers, which are the benefits of the irrigation facilities, 
are not involved in planning and construction of large-
scale irrigation systems. Most of their views and concerns 
in terms of agricultural productivity, relocation, and 
settlement plans are left unaddressed (Yahaya, 2002). 
This made most of them abandon the facilities after the 
completion. The level of awareness of the farmers 
regarding the large scale-scale irrigation systems is very 
low in Nigeria. 

Furthermore, overestimation of construction cost, high 
overhead and management cost, inaccurate irrigation 
cost/benefit analysis, and technical and management 
problems are some of  the factors  considered  by Carsell 

(1997), limiting the development of irrigation system in 
Nigeria. This was corroborated by FAO report in its 
review that the average cost of large-scale irrigation 
development in Nigeria with an estimated per capita 
income of $1000, is estimated at $15000 per ha in 1993 
with the annual operation and maintenance cost varying 
between $50 per ha for gravity systems and up to $800 
per ha for sprinkler irrigation system (FAO, 1997).  
 
 
FUTURE IRRIGATION DEVELOPMENT PROSPECTS 
 
The agricultural sector has been projected as an 
alternative to the future economic sustainability of the 
country (Omorogbe et al., 2014). However, its 
developmental plan cannot be achieved without 
addressing the challenges being faced by the irrigation 
systems. water resourcess development for irrigation 
plays a key role in agricultural and economic growth 
(Mugagga and Nabaasa, 2016). Since agriculture and 
irrigation are intertwined, especially in a country like 
Nigeria where there is a wide spatial-temporal variation of 
rainfall across the country (Akande et al., 2017; Bibi et 
al., 2014), every plan towards agricultural development 
must also be extended to irrigation system development. 
It is on this premise we reviewed the future prospects of 
irrigation development in Nigeria under the population 
growth, resources availability, and government policy. 

With the unabated population growth, the dire need to 
meet the growing food demand and the nutritional 
requirement of the population require bringing more land 
under cultivation. Consequently, the opportunities for 
future irrigation water development as the rainfed 
agriculture cannot sustain the production of growing food 
demand (Cosmas et al., 2010; Olayide et al., 2016). 
According to Takeshima and Adesugba (2015), the 
average population growth in Nigeria between 1961 and 
2013  was  2.6%  with  continuous  growth  in  agricultural  
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Table 7. SWOT analysis of the review outcomes. 
 

Strengths  Weaknesses 

1. Resources availability 

There are abundant water resources, arable land, and rural 
population that can drive the irrigation development (Aidi et al., 
2016, Arokoyo, 2012. 

1. Farmers‟ awareness and participation. 

The level of utilization of the irrigation system is very low 
compared to the existing irrigation facilities (Yahya, 2002).  

2. Policy framework. 

Government acknowledgment to support irrigation development 
(Olajide et al., 2012). 

Provision of resettlement framework for transforming irrigation 
systems in Nigeria (Elufioye, 2017).  

2. Technical know-how and knowledge capacity 

The farmers‟ inadequate technical knowledge of the operations 
and maintenance of irrigation systems limits the extent of 
irrigation development (Adekunle et al., 2015).  

3. Irrigation infrastructure and financial support. The existing 
irrigation development can transform an irrigation system in 
Nigeria (Takeshima and Yamauchi, 2012, FMWR, 2017). 
Financial supports under the Transformation Irrigation 
Management enhances the improvement of the existing irrigation 
development and stimulates private sector investment (World 
Bank, 2014). 

3. Irrigation infrastructure and financial support. 

The exorbitant cost of construction and maintenance of large-
scale irrigation systems limits the development of irrigation 
development in the country (Carsell, 1997; FAO, 1997). 

  

Opportunities Threats 

1. The productivity of irrigation systems 

Irrigation development enhances the productivity of the 
agricultural land and improves yield (Takeshima and Adeshugba, 
2015). 

1. Policy framework.  

The sustainability of the existing framework and political 
commitment are not guaranteed due to the past failed policies 
(Ugalahi et al., 2016). 

2. Resources availability  

The land and water resources s are currently underutilize (Lowder 
et al., 2016; Omorogbe et al., 2014). There is potential for future 
development of the irrigation systems (Olayide et al., 2016; 
Cosmas et al., 2010). 

2. Management of irrigation scheme 

The incessant flooding of some of the large-scale irrigation 
schemes hinders the goals of irrigation development (Anyebe, 
2015).  

3. Policy framework  

There is a policy framework that encourages the irrigation 
development through private sector participation (Arigor et al., 
2015; Ogundele, 2007). 

3. Operations and maintenance of irrigation systems. 

Late release of fund and inadequate running costs significantly 
affect the productivity of most the irrigation schemes (Oravee, 
2015)  

 
 
 
population at 1.4% which was higher than most of the 
countries in Asia and South American. This implies that 
there will be more pressure on the food demand and also 
on the expansion of irrigated agriculture in the future 
(NINCID, 2015). Ugalahi et al. (2015) reported that about 
2 million irrigated land is required to produce 11 million 
tonnes of rice demand by 2025 to feed the Nigerian 
population. Nevertheless, the available resources for 
agricultural and irrigation development are still 
underutilized including land, water resourcess, and other 
agricultural inputs (Mallam et al., 2014). The essential 
needs, however, are the sustainable irrigation 
development to meet the future demand for food 
production (NINCID, 2015). 

Currently, the total arable land in the country is 
estimated at about 34.6 million ha, however, only 40% is 
under cultivation out of which less than 5% is irrigated 
(Lowder et al., 2016; Omorogbe et al., 2014). 
Notwithstanding the abundant land and water resourcess, 
the availability of land for crop production is under threat 
due to recently increased conflict of the  resource  among 

the farmers and the herders in some selected agro-
ecological zones of the country (Dimelu et al., 2017). The 
productivity of the available land can be enhanced 
through irrigation systems and other agricultural inputs 
including fertilizers (Takeshima and Adesugba, 2015). 
Furthermore, Cosmas et al. (2010) and Xie et al. (2017) 
are of the opinion that more land can be cultivated by 
engaging in small-scale irrigation scheme. The potential 
of future expansion of small-scale irrigation system under 
baseline conditions was estimated at 1 and 0,65 million 
ha for dry and rainy seasons, respectively (Xie et al., 
2017). The development of small-scale irrigation system 
will not only improve the performance of the agriculture 
sector in terms of food production but also allow the 
participation of private sectors in the development of 
future irrigation systems. The involvement of private 
sector investment in future irrigation development is 
imperative and requires appropriate agricultural policies 
(Table 7). 

On this account, the recent government policy towards 
increased   importation   tariff   and  an  outright   ban   on  
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importation of some staple food like rice has started 
bringing development to the country‟s irrigation system as 
more stakeholders including private sectors and youths 
are now interested in irrigated agriculture (Arigor et al., 
2015; Ogundele, 2007). One of the examples is Kampe-
Omi dam project under the Lower Niger River Basin 
which has been underutilized after the construction. This 
is now targetted by the Kogi State Government in 
collaboration with private sectors for massive production 
of rice. More lands are now under cultivation for food and 
fiber productions, however, optimum productions cannot 
be achieved through rainfed practice alone without 
additional water through irrigation systems. The irrigation 
development in Nigeria will continue to receive attention 
now, and in the future, as there will need to increase food 
production to feed the unabated growing population in the 
country.  

 
 
CONCLUSION 
 
This study reviewed the Nigerian irrigation systems 
development on the basis of historical backgrounds, 
current conditions of development, challenges, and the 
future development prospects. There are diverse points 
of view on the underline problems of the irrigation 
development in Nigeria. A sizeable number of the authors 
are of the opinion that investment on large-scale irrigation 
systems has been resulted in costly failures because of 
their under-utilization and cases of abandonment when 
compared to the success recorded in small-scale 
irrigation system across the country. All the authors 
agreed that with the appropriate policy framework, 
political commitment, institutional reform, and sensitization 
of farmers on the operation and management of the 
modern irrigation technology. Nigeria irrigation will meet 
up with its developmental plan on the national economy 
and rural development. 

However, irrigation development in Nigeria, whether 
small or large-scale, offers some benefits, which also 
comes with some challenges. Already, considerable 
amounts of private and public funds have been invested 
in both large and small-scale irrigation development. 
Investment in irrigation development should not be an 
issue of debate but rather on how to improve the 
performances of various irrigation schemes across the 
country by addressing the various challenges 
encountered. Generally, the government is now aware of 
the significant role of irrigation development and its 
efficient utilization of food security and economic growth. 
The confidence of other stakeholders‟ participation in 
modern irrigation development and its sustainability also 
needs to be enhanced. Agriculture needs to be seen as a 
serious business by both the government and the 
farmers. Hence, there should be a performance index 
which must be effectively pursued for each irrigation 
scheme across  the  country  by   the   government,  non-  

 
 
 
 
government organization, and private investors. 
Specifically, the roles of individual actors in the 
development of irrigation systems across the country 
should be well defined and as such should be evaluated 
from time to time accordingly.  
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Hevea brasiliensis is the major source of natural rubber. Natural rubber being a unique 
biopolymer of strategic importance needs to be continuously well managed and protected against 
biotic damages. Many rubber producing countries include South East Asia, Africa and Latin America 
among others. Corynespora leaf fall caused by Corynespora cassiicola is currently considered as the 
most destructive leaf disease of Hevea rubber in Asian and African continents causing about 45% of 
yield loss. It had caused great loss to the rubber industry in various countries, thus the need for 
prompt action against the disease. The rubber breeding over the years have been on the development of 
clones with high yield combined with the desirable secondary traits. The resistance of rubber clones 
to C. cassiicolla depends on its ability to neutralize the toxin or its use of the hypersensitive response 
of the clone. The major objective of this review was to awaken the consciousness to C. cassiicolla, 
having in mind that rubber clones once tolerant to the disease had later become susceptible. 
 
Key words: Bio polymer, Corynespora cassiicolla, Hevea brasiliensis, natural rubber, tolerant.  

 
 
INTRODUCTION 
 
Rubber tree (Hevea brasiliensis) is a deciduous plant 
that belongs to the Euphorbiaceae family. The common 
names are Pará rubber tree, in Spanish it is called 
‘sharinga’ tree, ‘seringueira’, ‘jebe’. The Portuguese call 
it ‘seringueira-rosada’, ‘seringueira-verdadeira’ while 
Italian and Malay call it ‘della gomma’ and ‘pokok getah’, 
respectively (Heuzé and Tran, 2017). Amazon basin is 
the centre of diversity for major commercial rubber in the 
world. H. brasiliensis was introduced to tropical Asia in 
1876 through Kew garden, from the seeds brought 
from Rio Tapajo’z region of the upper Amazon region of 
Brazil by Sir Henry Wickam  (Dijkman,  1951).  There,  the 

planting materials were assembled from the native land, 
propagated and then distributed to other botanical 
gardens around the world (Baulkwill, 1989). The 
successful transfer of H. brasiliensis to Asia and the 
subsequent establishment of rubber plantations were 
successful due to the demand for its raw material 
(Venkatachalam et al., 2013). Natural rubber is produced 
from the Para rubber tree, which is of the height of 30 to 
40 m in the Amazonian forest (its natural habitat) 
(Venkatachalam et al., 2013). 

Cultivated trees are usually smaller because the 
tapping  activity reduces its growth and they are cut after  
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30 years due to decline latex production (Döring, 2018). 
The bark has patches of white and gray. The leaves are 
trifoliate and spirally arranged. The tree starts its 
productive phase from 5 to 8 years, after planting it has a 
productive life span of 25 to 30 years (HAL, 2014). 

Flowers are monoecious and small with no petals. It 
is a pungent bright or cream-yellow coloured flower 
pollinated by insects, mostly midges and thrips 
(Priyadarsha, 2017). The fruit is a capsule that contains 
three large seeds (Blackley, 1997) 

Natural rubber is synthesized from 2000 plant species 
confined to 300 genera of seven families which consist of 
Euphorbiaceae, Apocynaceae, Asclepiadaceae, 
Asteraceae, Moraceae, Papaveraceae and Sapotaceae 
(Cornish et al., 1993). Only three species of the genus 
namely H. brasiliensis, Hevea guianensis and Hevea 
benthamiana yield usable rubber (Sharpe, 2017). Other 
species have excessively high resin to rubber ratio in 
their latex (Mekonnen, 2015). The major content of latex 
is cis1-4 polyisoprene (94%), while protein and fatty acids 
make up 6% (Sakdapipanich, 2007). Cis-1, 4-
polyisoprene biopolymers are made up of C5 monomeric 
isopentenyl diphosphate (IPP), units and are formed by 
sequential condensation on the surface of rubber 
particles. The rubber chain elongation is catalyzed by cis-
prenyltransferases (CPTs), known as rubber polymerases 
(Asawatreratanakul et al., 2003). The molecular weight of 
the resulting polymer is an important determinant of 
rubber quality (Rahman et al., 2013). Latex contains 
some stress and plant defense-related proteins called 
hevein and hevein amine (Yeang et al., 2002). However, 
latex preparations are often contaminated with allergens. 
These allergens are carried through the manufacturing 
process and are present in the finished products 
(Flaherty, 2012). Latex has multiple commercial uses 
and is commonly found in a number of products (Sando 
et al., 2008).  

H. brasiliensis is the primary source of natural rubber 
(NR) (Rahman et al., 2013) and also the only species 
planted commercially (Kew Science, 2017). According 
to the International Rubber Study Group 
(www.rubberstudy.com), global production of NR got to 
almost 11 million tons in 2011 and its demand is steadily 
on the increase over the years. NR is a latex polymer 
with high elasticity, flexibility, resilience, impact 
resistance, and efficient heat dispersion (Mooibroek and 
Cornish, 2000). These useful properties are due to the 
large and complex molecular structure of rubber 
(Milliken et al., 2009). The natural rubber obtained from 
the Para rubber tree (H. brasiliensis) is a unique bio-
polymer of great importance. Thus, it cannot be replaced 
by synthetic rubber alternatives because of its significant 
applications (Venkatachalam et al., 2013). No other 
synthetic substitute has comparable elasticity, resilience 
and resistance to high temperature (Davis, 1997). 
Also, natural rubber is a renewable (green) elastomer 
and its production requires less oil than that  of  synthetic  
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rubber (one-sixth) (Jules, 2007). 

South-East Asia produces 92% of natural rubber, 
followed by Africa and Latin America with 6 and 2%, 
respectively. Major rubber producing countries includes 
Vietnam, Thailand, Indonesia, India, Malaysia, China, 
Côte d’Ivoire, Liberia, Sri-Lanka, Brazil, Philippines, 
Cameroon, Nigeria, Cambodia, Guatemala, Myanmar, 
Ghana, Democratic Republic of Congo, Gabon and 
Papua New Guinea (Saha and Priyadarshan, 2012). 

Other products obtained from H. brasiliensis include 
seed oil and wood. Rubber wood has generated a 
profitable industry not only in Malaysia and Thailand, but 
also in India, Vietnam, Indonesia, Cambodia 
(Venkatachalam et al., 2013) and Nigeria. Its natural light 
colour and excellent physical properties make it suitable 
for flooring, household furniture, boards and packing 
boxes (FAO, 2001). Owing to the value of this product, 
several superior latex-timber clones have been 
developed (Rahman et al., 2013). 

Wood quality has been associated with several 
lignocellulose biosynthesis genes (Dillon et al., 2010). 
Lignin, a heteropolymer of monolignols, determines the 
texture and hardness of the wood. Para rubber seeds are 
sources of seed oil, recommended for manufacturing 
soap, paints, leather (Ohikhena, 2006), biofuel or 
compression engines (Ikwuagwu, 2000; Ramadhas et al., 
2005), wood polish (Bello and Otu, 2015) among others. 
 
 
BACKGROUND AND DAMAGE CAUSED BY 
CORYNESPORA LEAF FALL DISEASES (CLFD) 
 
Diseases are the major constraints of Para rubber tree. 
These include the abnormal leaf fall caused by 
Phytophthora species, Colletotrichium leaf fall caused by 
Colletotrichum acutatum, powdery mildew caused by 
Oidium heveae and Corynespora leaf fall caused by 
Corynespora cassiicola (Manju et al., 2002). The 
scientific classification of C. cassiicola is shown in Table 
1. In Nigeria, the most devastating diseases of rubber 
seedlings and budded plants in the nursery are the leaf 
diseases (Begho, 1995; Omorusi et al., 2011); while in 
some countries like The United States of America, the 
South American Leaf Blight (SALB) ranks the top of leaf 
disease especially in mature plantation. The disease 
was first reported in Malaysia in 1960 (Newsam, 1960), 
India in 1961 (Ramakrishnan and Pillai, 1961), Nigeria in 
1966 (Jayasinghe and Fernando, 2009) and afterwards in 
Sri Lanka in 1985 (Liyanage et al., 1986). The disease is 
generally severe in areas with high rainfall without any 
prolong dry period (MCR, 2000). 

Cassiicolin produced by C. cassiicola causes many 
types of symptoms in over 80 host plants under diverse 
environmental conditions (Jayasinghe, 2000a). The host 
plants are tomato, cowpea, cucumber, tobacco, ground 
nut among others. The toxin for the pathogenicity results 
in the symptoms of the CLFD  in  rubber trees  (Manju  et  
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Table 1. Scientific Classification of Corynespora cassiicola. 
 

Kingdom Fungi 

Phylum Ascomycota 

Class Dothideomycetes 

Sub class Pleosporomycetidae 

Order Pleosporales 

Family Corynesporascaceae 

Genus Corynespora 

Species cassiicola 

 
 
 

Table 2. Optimum environment. 
 

Host Temperature (°C) leaf wetness 

Tomato 20-28 >16 h necessary 

Cucumber 25-30 - 

Tobacco 27.5-30 - 

Rubber 25-30 Greatest at 90% 
 

Source: Fulmer (2011). 

 
 
 
al., 2002). The pathogen causes the fall of both young 
and old leaves all year round. This may lead to dieback 
(Figure 2), delay in maturation of young rubber trees, yield 
reduction of about 45% of mature rubber trees 
(Ogbebor, 2010) and even plant death on susceptible 
clones (Jinji et al., 2007). According to Malaysian 
observations, spore dispersal is at the peak during dry 
season, but infections occur when the leaf surface is 
wet (Table 2) (Jayasinghe, 2000a). 

Corynespora disease (caused by the fungus C. 
cassiicola) is more severe during refoliation, between 
December and April (Reshma et al., 2016). Though it 
affects leaves of all stages, young leaves in the light 
green stage appear to be the most susceptible. One of 
the unique features of this pathogen is the production of 
different types of symptoms depending on the type of 
the clone and maturity state of the plant. The symptoms 
diversity is a serious limiting factor to its early diagnosis 
and management. 

However, circular lesions of varying sizes with papery 
centre, brown margin and a yellow halo is the m os t  
common symptom (Manju, 2011). The central region of 
the lesions may disintegrate, leaving holes. Sometimes, 
the shot hole effect is also noticed on leaves due to the 
disintegration of the centre of the spots (Figure 1) (Jinji et 
al., 2007). High temperature and humidity during 
refoliation period favours the disease incidence (Manju et 
al., 2016). 

Its survival and spread is also a contributory factor. 
Pernezny and Simone (1993) reported several means of 
survival and spread of C. cassiicola in the field. They 
noted its survival in crop debris for about 2 years. Boosalis 

 
 

Figure 1. Fish-bone like, shoot pole effect on rubber leaf. 

 
 

 
and Hamilton (1957) and Seaman et al. (1965) also 
reported that it can survive during the wet period in the 
root debris and stem in the field. Manju et al. (2016) reported 
that it could survive for 11days in infected leaf litter and 
also on infected intact leaves. 
 
 
MANAGEMENT OF C. CASSIICOLLA 
 
A  number  of   management   approaches   (use   of  



 
 
 
 

 
 

Figure 2. Die back caused by C. cassicolla. 
 
 

 

fungicides, cultural practices and integrated 
management of disease) have been evaluated and 
recommended as the control of CLFD in nursery and 
field (Manju, 2011). Chemical control of CLF is practiced 
in polybag and budwood nursery. Many fungicide 
combinations have been recommended by different 
researchers as an effective control. Jayasinghe (2000b) 
have recommended frequent spraying of fungicides on 
polybag nurseries during the rainy season, due to the fact 
that all rubber clones including highly resistant ones in 
the field are extremely susceptible to CLF during 
juvenile stage. Joseph and Manju (2002) also 
recommended different water based fungicides for the 
control of CLFD of rubber, stating that a mixture of 
mancozeb (0.2%), carbendazim (0.5%) and a 
combination of metalaxyl + mancozeb (0.2%) were 
consistently found more effective in nurseries. They 
also noted that spraying of mancozeb at weekly 
intervals was recommended, as it was the cheapest and 
most effective fungicide available. Fernando et al. (2010) 
concluded from their investigations that, to manage 
CLFD in the nursery, a combination of overhead 
shading and the application of fungicide mancozeb was 
the most effective method. 

The timing of the spraying, however, is very important. 
When the leaves are light green during refoliation, it 
should be sprayed. The leaves may be affected if the 
spraying is delayed till the leaves are fully mature (Manju 
et al., 2016). 

Critically speaking, many manual hours of labour 
and enormous quantities of fungicides are required 
every year for the management of CLF in many rubber 
plantations all over the world. The cost of fungicides and 
their long-term effect on t h e  environment justify the 
need for breeding disease resistant trees. A 
multidisciplinary breeding program for development of  
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disease resistant clones would have to continuously 
utilize Wickham resource as well as wild germplasm in 
addition to other Hevea species, in order to have 
sustainable rubber production (Narayanan and Mydin, 
2012).  

However, the hygiene of the plantation is of great 
importance as un-kept plantations give room for the 
causal organism to thrive. This is supported by the 
findings of Ogbebor (2010) which revealed that low 
management practice in both nursery and plantation 
supported the increasing rate of diseases. 
 
 

FUTURE OF THE PARA RUBBER TREE WITH C. 
CASSIICOLA INFECTION 
 
CLFD has become a threat to the natural rubber 
plantation industry by limiting its productivity level. There 
have been 72 documented report of C. cassicolla 
infect ion , from 1957 to 2013 (Fulmer, 2011). The 
increase and severity of the disease may be connected to 
its wide host range, variability of the pathogen (Dede et 
al., 2012) and ability to cause different kinds of disease 
in the host plant (Dixon et al., 2009). Ogbebor (2010) 
reported that Corynespora had the highest incidence o f  
leaf diseases with an index range of 26.19 to 40.19; 
while the least,  7.61 to 17.91, was recorded for 
Colletotrichum leaf fall.  

The major objective of H. brasilensis breeding is to 
develop high yielding clones with secondary characters, 
like resistance or tolerance to leaf disease. This will be 
effective with the understanding of the function of Para 
rubber tree (Venkatachalam et al., 2013). The resistance 
of some rubber clones to C. cassiicolla infections may 
be as a result of their ability to neutralize toxin or due to 
the fact that the toxin is poorly or not recognised by its 
specific receptors (Breton and D'Auzac, 1999). The 
identification of disease resistance genes is one of the 
major focuses of the Para tree research. Hypersensitive 
response (HR) is the early defense response that causes 
necrosis and cell death to restrict the growth of the 
pathogen (Yu et al., 1998). Plant signalling molecules, 
salicylic, and jasmonic acids play a critical role in 
activating systemic acquired resistance (SAR) and 
induce certain pathogenesis-related (PR) proteins 
(Durrant and Dong, 2004). The nucleotide-binding site 
(NBS)-coding R gene family is the largest group of 
disease resistance genes in plants (Mun et al., 2009). 

It had been identified in H. brasiliensis similar to that of 
Oryz asativa (Ahmad et al., 2013). Some Hevea clones 
have been tested for their capacity to produce 
phytoalexins and a strong correlation between 
phytoalexin accumulation and clone resistance. More 
lignin accumulation was often associated with clone 
resistance (Narayanan et al., 2012). 

However, genetic improvement through conventional 
breeding has been hampered by long experimental 
period, insufficient  fruit  production,  and a high  level  of 
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heterozygosity (Masson et al., 2013).  

In conclusion, the fungus (C. cassiicolla) could be 
used as a bio-herbicide and biological pest control; 
since it infect many plants considered as weeds (Dixon 
et al., 2009). 
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Different studies were done in order to investigate the occurrence of bacterial diseases on different 
crops grown in Jordan during different growing seasons. Surveys were made and different bacterial 
diseases have been recorded based on symptoms and pathogenic nature. Morphological characters, 
biochemical tests and PCR detections were employed in order to detect and identify the causal agents 
of different inspected plant bacterial diseases. In addition, the distribution of the identified bacterial 
diseases, throughout the country was recorded. The results of our study revealed the occurrence of 
different bacterial diseases attacking different crops; grown in many growing regions throughout the 
country. Some of them were found to have a wide host range such as crown gall and soft rot, while 
others had a restricted host range as in the case of bacterial speck of tomato which was found to be 
restricted to tomato and black leg of potato. As a result of this study, the following diseases; angular 
leaf spot of cucumber, tomato speck, common blight, crown gall, soft rot, black rot, black leg and 
bacterial cankers resulted in high economic losses in yield. The spread of these diseases in the 
different areas in Jordan with different environmental conditions may result in the development of new 
races of the causal agents without developing typical symptoms making their diagnoses under field 
conditions difficult. Whereas the bacterial diseases needs deep and ideal studies in order to diagnose 
diseases, the diagnoses of these diseases act as the base for researchers to challenge and withdraw 
researches into the improvement of novel, more effective and sustainable bacterial disease control 
strategies. 
 
Key words: Bacterial diseases, survey, Jordan. 

 
 
INTRODUCTION 
 
The world’s population is increasing every year and in 
order to meet their demands, global crop production 
needs to be increased. Plant diseases attack all 
agricultural crops which are considered as the main 
source for human food and clothing all over the world and 
considered among the main factors that drastically affect 
its production, resulting in economic losses  either  in  the 

field or in storage by decreasing crop production in 
quality and quantity. Thus, one of the methods to 
increase food production is to control plant diseases. 
Plant disease causal agents could be; fungi, bacteria, 
viruses and nematodes. Different bacterial diseases have 
been reported to attack many agricultural crops around 
the  world, leading to high economic losses in yield under 
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favorable environmental conditions and could eliminate 
plantation of certain crops in certain areas as in the case 
of fire blight (Erwinia amylovora) attacking pome fruits in 
northern states of United States of America (Kennedy 
and Alcorn, 1980; Agrios, 2005). 

Moreover, plant bacterial disease diagnoses are very 
difficult under unfavorable conditions were typical 
symptoms do not develop and could be masked with 
other disease symptoms as in the case of black rot of 
crucifers caused by Xanthomonas campestris pv. 
campestris; a humid, warm season pathogen while 
crucifers hosts are winter season crops, typical symptoms 
will not develop under cold conditions (Mahiar and Khlaif, 
2000). 

Plant bacterial diseases spread in tropical and 
subtropical regions, and host range of bacterial diseases 
varies according to the disease, however some of them 
are with a wide host rang such as soft rot Pectobacterium 
carotovorum subsp. carotovorum (Omar and Khlaif, 2000 
and Abu-Obeid et al., 2017), and crown gall; 
Agrobacterium tumefaciens (Al-Karablieh and Khlaif, 
2002; Al-Karablieh et al., 2006). On the other hand, some 
bacterial diseases had a narrow and restricted host 
ranges as in the case of black leg of potato P. 
carotovorum subsp. atroseptica (Al Masa’adeh and 
Khlaif, 2003; Masa’adeh and Khlaif, 2004; Abu-Obeid et 
al., 2017) and bacterial speck of tomato Pseudomonas 
syringae pv. tomato (Abu-El Samen and Khlaif, 1999). 

Recently the interests in bacterial diseases have been 
increased due to its importance and its serious damage 
on different crops resulting in great losses in quality and 
quantity. 
 
 

Economic importance 
 
Losses due to bacterial diseases are difficult to estimate, 
especially in fruit trees where losses are not confined to 
the year of disease development. 

The prevalence of favorable environmental conditions 
leads to high economic losses to the crop as in the case 
of angular leaf spot of cucumber under plastic houses 
(Khlaif, 1991a and b). 

Ralstonia solanacearum (Pseudomonas solanacearum); 
the causal agent of vascular wilt disease of solanaceae, 
ranked the second most important bacterial pathogen 
(Mansfield et al. 2012). The pathogen is distributed 
worldwide and induces a destructive economic impact. 
Direct yield losses by R. solanacearum vary widely 
according to the host, cultivar, climate, soil type, cropping 
pattern, and pathogen strain. Due to R. solanacearum, 
yield losses were estimated from 0 to 91% in tomato, 33 
to 90% in potato, 10 to 30% in tobacco, and up to 80 to 
100% in banana in Africa, India and Indonesia (Kelman, 
1998). 

Xanthomonas oryzae pv. oryzae causing leaf blight of 
rice is a major disease of rice and is a serious threat to 
rice   production   in   both   temperate  and  tropical  rice-  
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growing regions, due to its high epidemic potential 
causing up to 60% loss in India and Indonesia (Ou, 1985; 
Raina et al., 1982). 

Canker and gummosis of stone fruit trees caused by 
Pseudomonas syringae pv. syringae, are of major 
concern in fruit producing areas worldwide, and are 
exceedingly and difficult to control, and resulted in 
significant economic losses. In 1967 about 750000 peach 
trees were killed in France and resulted in 10-75% losses 
of trees and reduction in yield reached 10-20 % (Luisetti 
et al., 1976). 

In Florida citrus canker, caused by Xanthomonas citri 
subsp. citri, led to the destruction of half million citrus 
seedlings and bearing trees and to millions of dollar 
losses (Kennedy and Alcorn, 1980 and Kelman, 1998). 

Bacterial blight of beans causes reduction in yield and 
decreases the marketable value of the crop, including 
seed size, quality and may range from a trace to 100%, 
especially when favorable environmental conditions 
persist during the early growth and flowering stages. 
Kennedy and Alcorn (1980), estimated losses in dry 
edible beans due to bacterial blights which ranged from 
75 to 90% in North Dakota, while in Jordan Valley losses 
of bean yield due to common blight estimated ranged 
from 73 to 85% of the total production (Khlaif and 
Qadous, 1995). 

Production of tomato seedlings free from bacterial 
speck is impossible, especially under plastic houses 
conditions in the Jordan Valley; 75% of tomato fruits 
showed specks which resulted in a 22% yield reduction 
(Abu-El Samen and Khlaif, 1999). 

Angular leaf spot disease of cucumber, caused by 
Pseudomonas syringae pv. lachrymans was found to 
reduce the yield of cucumber at a rate of 30.6 to 64.4% in 
the Jordan valley and about 50-93% in the Uplands of 
Jordan (Khlaif, 1991a,b,c; Khlaif and Abu-Blan, 1994). 

Due to lack of information about the situation of 
bacterial diseases in Jordan, this study was undertaken 
in order to inspect, diagnose, isolate, and identify the 
causal agents of bacterial plant diseases and their 
occurrence in Jordan over a period of more than 15 
years. 
 
 

MATERIALS AND METHODS 
 
Extensive field surveys were undertaken to inspect, detect the 
occurrence, prevalence and the incidence of different bacterial 
diseases affecting economic crops, including; vegetables, fruit trees 
and ornamentals planted in different agricultural areas in Jordan. 
Through field trips to different agricultural areas during the different 
growing seasons in Jordan, samples of different crops suspected to 
be infected with different bacterial diseases throughout different 
growing seasons in Jordan, were collected, and placed in ice box 
and brought to the laboratory for further identification. 
 
 

Isolation and identification of the pathogenic bacteria 
 

Initial identification was performed according to Schaad et al. 
(2005), through  isolation  by  using  differential,  common and semi  
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selective media as recommended for the suspected bacterial 
pathogen. A small amount of suspected tissue was removed from 
plant parts suspected to be infected with a certain bacterial disease, 
with sterile scalpel, washed and rinsed with sterile distilled water 
(SDW) and disinfected with diluted bleach solution (0.5% sodium 
hypochlorite), after rinsing in sterile water, tissue was chopped up 
with a sterile scalpel in a droplet of SDW and le f t  t o  stand for 
15 min. The bits of surface sterilized tissues were transferred onto 
the surface of loop and the resulted suspension was streaked on 
the surface of dried media plates. The media used for isolation 
were selective media according to the suspected pathogen as for 
example; D1 media was used in the case of crown gall (Fakhouri 
and Khlaif, 1996; Al-Karablieh and Khlaif, 2002; Al-karabliah et al., 
2006), BCBRVB in the case of fluorescent Pseudomonas (Abu-El 
Samen and Khlaif, 1999; Hijazin and Khlaif, 2005), Logan media in 
the case of Pectobacterium (Masa’adeh and Khlaif, 2004; Abu-
Obeid et al., 2017), TZC in the case of Ralstonia solanacearum, NA 
and SX Agar in the case of the Xanthomonas campestris pv. 
campestris (Mahiar and Khlaif, 2000), on the other hand, Nutrient 
Agar and KB media were used as common media for other 
pathogens. Inoculated media plats were incubated at 25 ± 1°C, 
checked periodically for development of suspected phytopathogenic 
bacterial colonies, and then subculturing was made by transferring 
a suspected colony to a new media plate through streaking for 
purification. Then, the obtained purified suspected colonies were 
transferred into agar slants and allowed to grow, kept in refrigerator 
for further identification. 

Then the colonies of the suspected bacterial pathogen causal 
agents were subjected to identification procedures through 
biochemical and physiological tests as recommended by Schaad et 
al. (2005). The same tests were run against a reference culture of 
the most different identified pathogens. 

Beside these biochemical and physiological tests, detection and 
identification of some bacterial pathogens was done using 
biotechnological molecular techniques such as polymerase chain 
reaction, (PCR), cloning and sequencing were employed in the 
identification of different bacterial pathogens of these; 
Agrobacterium tumifaciens (Al-karabliah et al., 2006), P. carotovorum 
subsp.  carotovorum (Abu-Obeid et al., 2017) P.  carotovorum   sub 
sp. atroseptica (Al-zomor et al., 2013), P. savastaoni pv. savastaoni 
(Hijazin, and Khlaif, 2005), Pseudomonas syringae pv. tomato 
(Werikat et al., 2005), etc. 
 
 

RESULTS AND DISCUSSION 
 

Approximately, all growing regions planted with different 
crops have been inspected and different bacterial 
diseases have been recorded in cultivated and non-
cultivated crop plants of Jordan. The results of this study 
indicated the occurrence of different bacterial diseases in 
the different inspected agricultural areas throughout the 
country. The different diagnosed and identified bacterial 
diseases and their causal agents are listed in Table 1. 

However, the symptoms of the diagnosed and identified 
bacterial diseases vary from leaf spots, tumors, rots, 
wilts, scab, cankers, and gummosis etc., indicated by 
different causal agents. 

The occurrence of these diseases depends on the 
geographical areas since Jordan is divided into different 
geographical areas of Jordan Valley, Jordan Valley rift, 
mountains or uplands and deserts (Figure 1) where the 
environmental conditions of these areas varies according 
to the season and location. In summer, it is very  hot  and  

 
 
 
 
dry in the desert, hot and dry in Jordan Valley, while it is 
warm and relatively humid in the uplands and mountains. 
In winter, it is warm and humid in Jordan Valley, cold and 
dry in the desert, at the same time cool and humid in the 
uplands. These wide climatic variations in Jordan could 
illustrate the importance of different plant bacterial 
diseases in relation to occurrence, development and 
spreading, as well as, under certain conditions could lead 
to an epidemic bacterial disease. 

However, eight phytopathogenic bacterial genera were 
identified; Agrobacterium with two species were 
recorded. However, A. tumefaciens was found to be the 
most common, causing crown gall attacking 21 different 
hosts, including; stone fruits followed by grapes, roses, 
olives, quince, pomegranate and nemaguard. The 
disease was found to spread throughout the country in 
different climatic regions. Also, A. rhizogenes was with 
two hosts causing hairy root disease on apples and 
roses. 

Erwinia with seven species, causing rots and blights 
were identified and recorded, from which the species 
Carotovorum with had two subspecies; Carotovorum and 
Atroseptica; Erwinia carotovra subsp. cartovra was found 
with a wide host range of about 30 different host plant 
including; vegetables and ornamentals and was found to 
spread all over agricultural regions either in field and 
storage (Khlaif, 1993). On the other hand, the subspecies 
Atroseptica has been found to be restricted to potato, 
causing black leg disease in winter in the Jordan Valley 
region and early spring in the uplands. 

Erwinia amylovora the causal agent of fire blight 
disease on pome fruits attack four hosts; apple, pear, 
quince and firethorn in spring where it was severe on the 
flowering stage and was more serious on pears and 
apple (Al-Dahmashi and Khlaif, 2004). Other species of 
Erwinia such as E. chrysanthmi (Dickey dadantii), E. 
trachephila and E. stewartii were identified causing wilt, 
rot and leaf blight diseases on different hosts in many 
agricultural regions of Jordan (Table 1). 

Seventeen species of Xanthomonas (Table 1) were 
identified and detected on different types of hosts, where 
X. campestris pv. campestris was the most common and 
reported on 10 different hosts causing symptoms ranging 
from black rot on crucifers to leaf spots and blights on 
legumes. Also, it was isolated from a wide range of 
weeds spreading in the same regions or fields of infected 
crop. 
However, different phytopathogenic bacteria genera such 
as X. campestris pv. phaseoli and Xanthomonas 
campestris pv. campestris were isolated from different 
weeds and volunteer plants grown in the host fields 
(Table 1). These finding could bring a new dimensions in 
the epidemiology of these diseases and play an important 
role as a source of inoculums for these diseases. 

X. arboricola pv. pruni attacked 6 different hosts of 
stone fruits causing leaf spots where it infects more 
seriously  peaches,  apricots  and plums, especially in the  
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Table 1. List of diagnosed and identified plant bacterial diseases and their causal agents in Jordan. 
 

S/
No 

Bacterial Genus Pathogen 
Host 

Disease Region 
Common name Scientific name 

1 

  

  

  

  

  

  

  

  

  

Agrobacterium 

 

(a) Agrobacterium     

     tumefaciens 

(Smith and Townsend) 
conn. 

  

  

  

  

        

1.      Almond 1.    Prunus dulcis (Miller)     

2.      Apple 2.    Malus domestica Brokh     

3.      Apricot 3.    Prunus armeniaca L.     

4.      Bitter Almond 
4. Prunus amygdalus var. 
amara 

    

5.      Carob tree 5.    Ceratonia siliqua     

6.      Cherry 6.    Prunus avium  L.     

7.      Fig 7.    Ficus carcia L.     

8.      Grape 8.    Vitis vinifera L.     

9.      Mahaleb 9.    Prunus mahaleb      

10.  Mulberry 10. Morus nigra L.     

11.  Myrobalan 11.Terminalia chebula     

12.  Nectarine 
12. Prunu spersica var 
nectarine (Aitf) Maxim 

    

 13.  Olive  13.Olea europea L.  Crown Gall 
Wide spread Jordan Valley and 
Uplands 

14.  Peach 14. Prunus persica L.  
  

15.  Pear 15. Pyrus communis L.     

16.  Plum 16. Prunus domestica L.     

17.  Pomegranate 17. Punica granatum  
  

18.  Quince 18. Cydonia oblonga     

19.  Rose 19. Rosa sp.     

20.  Walnut 20. Juglan sregia L.     

21. Nemaguard 
(Peach root stock) 

 21. Prunus persica   
 

(b) A. rhizogenes 

(Riker et al.1939) 
Conn 

1. Apple 1. Malus domestica Brokh Hairy root  Widespread 

2. Rose 2. Rosa sp. Hairy root  
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Table 1. Contd. 
 

 2 

  

 

  

  

  

  Erwinia 

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

  

  

a- Pectobacterium 
carotovorum pv. 
carotovorum (Jones) 
Bergey 

  

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

1. Artichoke 1. Helianthus tuberosus L. 

Soft rot 

 

Wide spread In Jordan Valley and 
uplands In storage, field and glass 
houses 

2. Banana 2. Musa acuminata 

3. Bean 3. Phaseolus vulgaris L. 

4. Beet 4. Beta vulgaris L. 

5. Cabbage 
5. Brassica olearaceae var. 
capitata L. 

  

6. Cauliflower 

6. Brassica olearaceae var. 
botrytis L. 

7. Carrot 7. Dacus carota L. 

8. Celery 8. Apium graveolens L. 

9.  Chard 9. Beta vulgaris var. cicla 

10. Chinese 
cabbage 

10. Brassica chinensis L. 

11.  Dieffenbachia 11.  Dieffenbachia maculate 

Stem rot 

12.  Eggplant 12.  Solanum melongena L. 

13.  Garlic 13.  Allium sativum L. 

14.  Lettuce 14.  Lactuca sativa L. 

15.  Marrow 15.  Cucurbita pepo L.S. fal 

16.  Onion 16.  Allium cepa 

17.  Parsley 17.  Petroselnium crispum (Mill) 

18.  Pea 18.  Pisum sativum L. 

19.  Pepper 19.  Capsicum frutescens L. 

20.  Pomegranate 20.  Punica granatum L. 

21.  Potato 21.  Solanum tuberosum L. 

22.  Pumpkin 22.  Cucurbita maxima L. 

23.  Radish 23.  Raphanus sativus L. 

24.  Spinach 24.  Spinacia olearaceae L. 

25.  Sweet melon 25.  Cucumis melo L.  Stem rot 

26.  Tomato 
26.  Lycopersicon esculentum 
Miller 

 Soft rot 

  

27.  Watermelon 27. Citrullus fanatus var. caffr Soft rot  

 Widespread  
28.  Gladiolus 28.  Gladiolus communis Soft rot 

29.  Cucumber 29.  Cucumis sativus L.   

30. Common 
mallow 

30.  Malva sylvestris 
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b. Pectobacterium 
carotovorum pv. 
atroseptica (Vanitall) 
Dye 

potato Solanum tuberosum L. Black leg 
Upland in spring 

JV in winter 

c. Erwinia amylovora 
(Burill) Winslow et al. 

1.  Apple 1.      Malus domestica   

Fire blight 

  

  

Widespread in the Up lands in 

Al Mafraq / Al Halabat 

  

2.  Pear 2.      Pyrus communis 

3.  Quince  3.      Cydonia oblonga Mill 

4. Firethorn 4.      Pyracantha anyastifolia 

 d. Erwinia 
chrysanthemi 
Burkholder et al. 
(Dickey dadantii) 

  

  

  

1-  Banana 1.      Musa acuminate 

RRhizome rot 

Wilt Associated with soft 
rot  

JV in glass houses Widespread 

2- Begonia 2.      Begonia sp. 

3- Chrysanthemum 3.      Chrysanthemum sp. 

4-  Potato 4.      Solanum tuberosum 

5- Onion 5.      Allium cepa 

     

e. Erwinia tracheiphila 

(Smith) Bergley et al. 

 Cucumber 

  

 Cucumis sativus L. 

  

 Wilt 

  

JV in winter under plastic house 

Up lands in Fall 

  

f- Pantoea (Erwinia) 
stewartii 

Corn Zea mays Seedling leaf blight 
JV and 

Uplands 

 g- Erwinia anunas Cucurbits Cucurbits Brown spots 
JV in 

storage 

  

3- 

  

  

  

  

Xanthomonas 

 

  

a. Xanthomonas 
campestris pv. 
campestris 

  

  

1.  Avocado 1. Persea ammericana Leaf spot 

  

JV in spring  

Uplands in fall 

  

2.  Broccoli 
2.   Brassica oleraceae var. 

italica Plenk 

  

  

3. Cabbage 
3. Brassica oleraceae var. 
capitata 

Black rot 

  

4.  Carrot 

  

4. Daucus carota var. sativus   

  

Black rot 

 JV in Spring Uplands in Fall 

5.   Cauliflower 
5.  Brassica oleraceae var. 
botrytis 
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6. Chinese 
cabbage 

6.   Brassica chinensis L. 
  

Leaf blight  

 
7.      Kohlrabi 

7.  Brassica oleraceae var. 
gongylodes 

 Black rot 

8.      Radish 8. Raphanus sativus L. 
  

Black rot 

9.      Turnip 9.  Brassica rapa L. Black rot 

JV in Spring Uplands in Fall 

10.  Walnut 10.  Juglans regia Black rot 

11.  Pigweed 
11.  Amaranthus blitoides S. 

Watson 
 Leaf blight 

12.  Red-root Pig 
weed 

12.  Amaranthus retroflexusL 

  

  

Leaf spot 

  

  

  

  

  

  

  

  

  

13.  Goosefoot 

  

13.  Chenopodium album L. 

14.  Dyer's croton 
14.  Chrozophora oblique (Vahi) 

sprenge 
Widespread in crucifers fields in the 
uplands 

15.  White rocket 15.  Diplotaxis ericoides L. 

Widespread in crucifers fields in the 
uplands 

16.  European 
heliotrope 

16.  Heliotropium europaeumL. 

17.  Red cabbage  17.  Brassica oleracea 

18.  Hairy 
nightshade 

18.  Solanum luteum Miller 

 19.    Sow thistle  19.  Sonchus oleanaceus L. 

  b. Xanthomonas 
campestris pv. 
phaseoli (Smith) Dye  

1. Pea 1. Pisum sativm L. Blight Wide 

   2. Bean 2. Phaseolus vulgaris L. Common blight spread 
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3. Morning glory 3. Ipomaea purpurea L.   JV in Fall and spring 

4. Malva 4. Malva syriaca L. Leaf spot 
 

5. Hairy cowpea 5. Vigna luteola(Jaca) Benth Leaf spot In fields of  JV and uplandsi n fall 

6. Cowpea 6. Vigna unguiculata L. Walp Leaf spot   

  

c. Xanthomonas 
campestris pv. 
vesicatoria 
(Poidge)1978 

1. Pepper 1.   Capsicum annum L. 

Bacterial spot  Winter in the J.V 
2. Tomato 

2. Lycopersicon esculentum 

Miller 

d.Xanthomonas 
campestris pv. 
cucurbitae 

Cucumber  Cucumis sativus L. Leaf spots Plastic houses 

e. Xanthomonas 
campestris 

1.    Barley 1.      Hordeum vulgaris Black chaff Winter J.V 

pv. translucens 

(Jones) Dye 1978 
2.    Oat 2.      Avena sativum (streaks/strips) Spring uplands 

  3.    Wheat 3.      Triticum aestivum L.     

f. Xanthomonas 
ampelina 

 Grape vine  Vitis vinifera  Leaf spots 
Upland J.V winter 

Up lands in spring  g. Xanthomonas 
fragariae 

 Strawberry 
 Fragaria chiloensis var. 
ananassa 

 ALS 

  1.   Almond 1.  Prunus dulcis L. (Miller)     

  2.  Apricot 2. Prunus armenica L.     

h.Xanthomonas 
arboricola pv. pruni 

3.   Nectarine 3. Prunus persica var. nectarine Leaf Spot Fall , uplands Spring, J.V 

  4.   Peach 4.  Prunus persica L.     

  
5.   Plum 5. Prunus domestica L. 

    

  
6.  Sweet cherry 6. Prunus avium L. 

    

i. Xanthomonas 
arboricola (campestris) 
pv. juglands Dye 1978 

Walnut 

  
 Juglans regia L. Blight 

Widespread Fall 

uplands 
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j. Xanthomonas 
campestris 

pv. pelargoni Dye 1978 

Geranium Pelargonium sp. Leaf spot stem rot Winter uplands 

  

k. Xanthomonas 
campestris pv. 
dieffenbachiae 

(Mcculloch) Dye 1978 

        

1. Dieffenbachiae 1. Dieffenbachiae maculate.  Leaf spots Glass houses 

2. Flaming lily 2.Anthurium andraenum 

    

  

  

3. Philodendron 3. Philodendron sp      

l. Xanthomonas 
campestris 

pv. begonia 

 Begonia Syngonium podophyllum 
Leaf marginal 
lesions and wilt 

Under glass 

houses 

m. Xanthomonas 
campestris 

pv. schefflera 

  

Schefflera 

 

  

Schefflera sp. 

 

 Leaf spots 
Indoor glass 

houses 

n. Xanthomonas 
campestris pv. raphani 

Crucifers Crucifers Leaf spots JV 

o. Xanthomonas 
campestris 

pv. musaceavum 

Banana Musa acuminata Wilt JV 

p. Xanthomonas 
campestris pv. 
citrumelo 

Citrus Citrus Bacterial spots JV 

q. Xanthomonas 
axonopodis pv. citri 

Citrus Citrus Bacterial canker 

Imported 

Seedlings 

  

 4  Pseudomonas 

a. Pseudomonas 
syringae pv. 
lachrymans (smith and 
Bryan) Young 1978 

Cucumber Cucumis sativus L. ALS 
Wide spread JV and 

Uplands 
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b. Pseudomonas 
syringae 

pv. phaseoli  

(Barkholder) Young 

Bean Phaseolus vulgaris L. Halo blight Wide spread 

c. Pseudomonas 
syringae pv. pisi 

Peas Pisum sativum Blight Wide spread 

  

  

  

  

  

  

  

d.Pseudomonas 
syringae pv. syringae 
Vanhall 

  

  

  

  

  

  

  

1.      Bean 

  

1. Phaseolus vulgaris L. 

  

Brown spot 

 Bud blast  

Wide spread 

2.      Pea 2.   Pisum sativum 

3.      Cherry 3.  Prunus avium L. 

4.      Citrus 4.   Citrus lemon 

5.      Lemon 5. Pisum sativum L. 

6.      Pear 6.  Pyrus communis L. 

7.      Plum 7. Prunus domestica L. 

8.      Sunflower 8.  Hellathus annus L. 

9.      Tomato 9.  Lycopersicon esculentum 

10.    Valencia 
10.  Citrus sinensis var. 
valencia 

11.  Vetch 11.  Vicia sativa L. 

12.  Wheat 12.  Triticum astivum L 

13.  Barley 13.  Horeum vulgare 

14.  Oat 14.  Avena sativa 
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  e. Pseudomonas 
syringae 

pv. tomato 

 Tomato Lycopersicon esculentum Miller Bacterial speck 
Under plastic house in nurseries 

and open field 

f. Pseudomonas 
syringae pv. 
morsprunorum 

1.      Cherry 1. Prunus alium L. 

  

Gummosis  

  

  

Wide spread 

  

  

2.      Plum 2. Prunus domestica L. 

3.      Apricot 3.  Prunus armeniaca 

4.      Peach 4.  Prunus persica 

  

g.Pseudomonas 
savastanoi pv. 
savastanoi 

  

1.      Oleander 1.  Nerium oleander 

Olive knots Wide spread 
2.      Olive 2.      Oleae uropea 

3.      Jasmine 3.  Jasminum graniflorum 

4.      Ziziphus 4.  Ziziphus spina-christi 

h. Pseudomonas 
syringae pv. tabaci 

 Tobacco Nicotiana tabacum L. 

  

Bacterial leaf 
blight 

Widespread in JV in spring 

In Uplands in fall 

  

  

i. Pseudomonas 
virdiflava 

(Barkholder) Dowson 

1.      Bean 1.  Phaseolus vulgaris Stem galling Under plastic houses in 

2.      Cucumber 2. Cucumis sativus 
Watery rot Leaf 
spot 

JV 

3.      Tomato 3. Lycopersicon esculentum 
    

j. Pseudomonas 
corrugata 

 Tomato  Lycopersicon esculentum 
Pith necrosis Leaf 
spot 

After cold, frost damage Under plastic 

house in JV 

k. Pseudomonas 
cichorii (swingle) stape 

Lettuce Lactuca sativa Leaf spot 

JV and 

uplands 

  

l. Pseudomonas 
gladiola pv. gladiola 

Gladiolus Gladiolus sp. Soft rot 

Glass 

houses 

  

m. 
Ralstonia(Pseudomon
as) solanacearum 

1.      Banana 1.      Musa acuminata 

Moko disease Wilt 
JV in spring 

and winter 

2.      Tomato 2.      Lycopersicon esculentum 
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n.Pseudomonas 
syringae pv. 
maculicola 

Crucifers Crucifers Bacterial leaf spot Plastic houses 

o.Pseudomonas 
marginalis 

pv. marginalis 

1.      Crucifers 1.  Crucifers 

Soft rot scab 
JV 

Plastic houses 2.      Gladiolus 2.  Gladiolus sp. 

p. Pseudomonas 

flourescense 
Potato Solanum tuberosum L. Pink eye JV 

q.Pseudomonas 
syringae 

pv. dapulans 

 Apple  Malus domestica blister spot 
  

Uplands 

  

  

5 

  

  

  

Streptomyces 

  

  

  

Streptomyces scabies 

1.      Carrot 1.      Daucus carota subsp. 

  

Common scab 

Widespread in southern parts of 
Jordan 

  sativus 

2.      Potato 2.      Solanum tuberosum L 

3.      Raddish 3.  Raphanus sativus 

  

  

  

6 

  

  

  

  

Burkholdoria 

  

a .Burkholdoria gladioli 
pv. allicola 
(Pseudomoma 
sgladioli pv. allicola) 

  

Onion 

  

  

Allium cepa 

  

Slippery skin 

Common in storage 

JV in 

winter 

b. Burkholdoria 
cepacia 

  

Onion 

  

Allium cepa 

  

Sour skin 

Common in storage 

JV in winter 

  

7 

  

  

Clavibacter 

(Corynebacterium) 

a.      Clavibacter 
michiganensis subsp. 

michiganensis 

  

Tomato 

  

Lycopersicon esculentum 

  

Bird's eye spot 
JV winter and spring 

 
 
 
fall season in the uplands, followed by X. 
campestris pv. phaseoli causing common blights 
and leaf spots of bean and peas. On the other 
hand, X. campestris pv. translucence was isolated 
and identified from 3 field crops showing strips or 
streaks symptoms; the disease  was  found  to  be 

common during winter and spring in the Jordan 
Valley and in the uplands, where barley was found 
to be the most susceptible crop. Other 13 
Xanthomonas species with narrow host range, 
attacking different plant types ranging from 
ornamentals,  fruit   trees   and   vegetables   were 

diagnosed and recorded (Table 1). 
Different species of Pseudomonas were isolated 

and identified, of these P. syringae pv. syringae 
was the most common species causing many 
diseases on 14 different hosts; brown spot, scab, 
wilt,  cankers,  citrus  blast  and  bud  blast.  Other  
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Figure 1. Map of Jordan showing the main physiographic regions. 
Source: Atlas of Jordan, 2014. 

 
 
 
Pseudomonas species attacked 24 different hosts 
causing different disease symptoms ranging from angular 
leaf spot such as ALS (P. syringae pv. lachrymans) on 
cucurbits especially under plastic houses, gummosis (P. 
syringae pv. morsprunorum) on stone fruits, knots (P. 
savastanoi pv. savastanoi) on olives, oleanders, jasmine 
and Ziziphus sp. and spread all over the country, causing 
a serious damage to all olive cultivars; Nabali baladi was 
found to be the less olive cultivar susceptible to olive knot 
disease (Khlaif, 2006). 

Streptomyces scabies was found to cause common 
scab disease on potatoes, carrot and radish and was 
most common on potatoes in the southern parts of 
Jordan where the soil is sandy. 

Burkholdoria gladioli pv. allicola (Pseudomonas gladioli 
pv. allicola) was  found  to cause slippery skin disease on 

onion. 
Ralstonia solanacearum was isolated and identified 

from wilted plants of tomato under plastic houses and 
banana in the Jordan Valley during spring. 

One species of Clavibacter (Corynebacterium) was 
detected and identified, Clavibacter michiganensis pv. 
michiganensis causing Bird's eye spot disease on tomato 
was recorded during winter in the Jordan Valley. 
 
 
Conclusion 
 
Many plant bacterial diseases were detected, identified 
and recorded that cause diseases of many crops grown 
in Jordan which resulted in high economic loss. 
Accordingly,  the  identification  of  these  diseases  using 



 

 
 
 
 
efficient methods is essential in order to investigate the 
ecology of these diseases and therefore help in 
employing the efficient control method. The occurrence of 
these bacterial diseases in the different growing areas in 
Jordan with different environmental conditions could 
develop new phytopathogenic bacterial strains, where 
atypical symptoms could be very difficult to diagnose and 
control. 

This work acts as the base for researchers in this field 
to take advantage and implement further studies in 
controlling these diseases and decrease losses. 
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In Benin, stored yam chips are severely attacked by Dinoderus porcellus Lesne which causes important 
losses. The use of medicinal plants combined with the insect-resistant yam chips can be an efficient 
alternative of chemical insecticides for yam chips protection. This study aims to evaluate an integrated 
pest management of D. porcellus using combined effects of resistant yam chips (Boniwouré, 
Gaboubaba, Wonmangou, and Yakanougo landraces) and leaves powder of Bridelia ferruginea Benth, 
Blighia sapida Juss and Khaya senegalensis Cronquist. For that, repellence, weight loss, mortality and 
progeny production were evaluated with Antouka commercial insecticide as positive control and 
untreated yam chips as negative control. The results revealed that all treatments are strongly repellent 
and showed important reproductive inhibition rate and remarkable inhibition of emergency of D. 
porcellus progeny. The weight loss due of yam chips treated with the three medicinal plants was not 
significantly different from those treated with Antouka, but significantly different from untreated yam 
chips. Only K. senegalensis at 2% (w/w) combined with Wonmangou landrace was able to achieve 
66.2% of mortality after 21 days of experimentation. Hence, combination of resistant yam chips with 
leaves powder of these three medicinal plants could be promoted for integrated management of D. 
porcellus. 
 
Key words: Dinoderus porcellus, integrated pest management, medicinal plants, resistance varietal, storage, 
yam chips. 

 
 
INTRODUCTION 
 
Yam  (Dioscorea   spp.)    is    an    important    crop   that contributes to food security and  poverty reduction in sub-  
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Saharan Africa. Generally, it is cultivated for underground 
starchy tubers consumption and are mainly produced in 
West Africa. That production represents 96.3% of the 
world production (FAO, 2016). Yam tubers are good 
sources of carbohydrates, dietetary fibers, proteins, 
vitamin C, and minerals (Opara, 1999; Tortoe et al., 
2017) and are eaten on diverse forms: boiled, roasted, 
fried, pounded, and dough of yam flour (Ayodeji et al., 
2012). With an estimated annual production of 3,041,245 
tonnes in 2016, Benin ranks fourth behind Nigeria, Ghana 
and Côte d'Ivoire in yam consumption, with 425 kcal per 
capital per day (FAO, 2016). Yam production is now 
entirely part of customs and traditions of populations to 
the point that we can speak of yam civilization (Baco et 
al., 2004). 

Despite its economic, food and socio-cultural functions, 
yam production remains hampered by numerous biotic 
(pests and diseases, etc.) and abiotic (poor soils, climate 
change, etc.) factors. Also, the difficulty of fresh tubers 
conservation causes important post-harvest losses (65-
85% of the weight of tubers) and an irregularity of its 
availability throughout the year (Babajide et al., 2008). To 
overcome the highly perishable nature of tubers, yams 
are transformed into chips which are traditionally dried 
under the sun (Hounhouigan et al., 2003), thus 
enhancing food security (Babajide et al. 2008). 
Unfortunately, dried yam chips in traditional storage 
systems are severely attacked by Dinoderus porcellus 
Lesne (Coleoptera: Bostrichidae), which easily destroys 
stocks in few days (Ategbo et al., 1998, Vernier et al., 
2005) and can cause losses of up to 50% of stocks (Loko 
et al., 2013). This pest, also found in dried cassava chips 
(Schäfer et al., 2000) causes‟ visual damage by 
penetrating the chips thus depreciating their market value 
and negatively influence the quality of reconstituted yam 
paste (Babarinde et al., 2013). To protect yam chips 
against insects attack, farmers use chemical insecticides 
of cotton (Loko et al., 2013), but that leads to several 
cases of food poisoning and deaths of entire families 
(Adedoyin et al., 2008; Adeleke, 2009). Due to this 
deplorable situation, it urges to find out alternative 
methods that will take into account populations‟ 
environment and health protection, and which will be less 
expensive and available for all. Botanical control meet 
these criteria and can act as repellents, feeding 
deterrents, toxicants, growth retardants, and 
chemosterilants (Hikal et al., 2017). Similarly, genetical 
control by the use of resistant varieties have enormous 
potential to reduce storage insect pest populations, and it 
is an environment-friendly management option (Keneni et 
al., 2011). Therefore, the use of botanical pesticides and 
insect-resistant yam chips to control D. porcellus appear 
as a promising alternative. 

In the main yam chips production areas of Benin, three 
medicinal plants (Bridelia ferruginea Benth, Blighia 
sapida Juss and Khaya senegalensis Cronquist) were 
recorded   as   used  by  farmers  to  protect  their  stocks  
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against storage insect pests (Loko et al., 2013). Studies 
carried out by Loko et al. (2017a) revealed the insect 
repellency and insecticidal properties of the leaves of 
these three medicinal plants. Moreover, a study led by 
Loko et al. (2017b) has allowed to identify four yam 
landraces (Gaboubaba, Boniwouré, Yakanougo and 
Wonmangou) which   chips are resistant to D. porcellus 
attacks. Therefore, to contribute to the strengthening of 
food security in Benin through the identification of an 
integrated pest management strategy of D. porcellus this 
study aims evaluate the interactions of resistant yam 
chips from the four landraces with leaves powder of B. 
sapida, K. senegalensis and B. ferruginea. 
 
 

MATERIALS AND METHODS 
 

Yam landraces source 
 

Tubers of four yam landraces of Dioscorea cayenensis Lam. – 
Dioscorea rotundata Poir. complex, belonging to varietal group of 
"Kokoro" were collected from farmers across the Northen and the 
Central  region of the republic of Benin. Gaboubaba and 
Yakanougo were collected from Koko village, Boniwouré from 
Kataban village, and Wonmangou from Fôbouko village. These 4 
landraces were selected according to their resistance to D. 
porcellus (Loko et al., 2017b) and their good agronomic 
(productivity, number of tubers), culinary (quality of pounded and 
boiled yam) and technological (quality of yam chips, ease of 
pounding) characteristics (Loko et al., 2015). 

 
 
Collection and preparation of medicinal plant powders 
 

Leaves of B. sapida, K. senegalensis and B. ferruginea were 
collected from the town of Dassa-Zoumé (latitude: 7° 41′ 33″ North, 
and longitude: 2° 13′ 25″ East). Their identity was confirmed by the 
National Herbarium of the University of Abomey-Calavi. The 
collected leaves were washed and dried at ambient temperature for 
20 days in the shade in order to prevent the degradation of 
bioactive compounds by sunlight. After drying, the leaves were 
transformed into powder using an electrical blender and sieved to 
obtain the finest particles using a 300 µm sieve (Loko et al., 2017a). 
The fine powder obtained from each plant species put in black 
polyethylene bags in dark cool and dry place until use. The 
compilation of physico-chemical composition of leaves powder of 
these three medicinal plants on the basis of literature was 
presented in Table 1.  

 
 

Processing of yam chips 
 

Yam chips were obtained from processing of tubers of the 4 yam 
landraces following the method described by Babajide et al. (2006). 
For that, yam tubers were washed with water to remove sand and 
other unwanted elements, and peeled with a knife. The tubers were 
cut into slices of 2 to 3 cm. The yam slices obtained were pre-
cooked in water at 50°C for 2 h. They were also macerated in this 
pre-cooking water for 24 h in order to soften them. The slices were 
strained and dried in the autoclave at 60°C for at least 3 days in 
order to have 12 to 14% of final moisture. The dried chips obtained 
were put in polythene bags and stored in the laboratory at ambient 
temperature. The chips samples were sterilized at 105°C for 2 h in 
order to kill the hidden insects and their eggs. The samples were 
then exposed to ambient temperature for 1 h. 
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Table 1. Phytochemical composition of the crude water extract of K. senegalensis, B. sapida and B. ferruginea leaves based on literature review.  
 

Phytochemical 

parameter 

Medicinal plants 

K. senegalensis References B. sapida References B. ferruginea References 

Alkaloids + 

Adeiza et al., 2010 

Abalaka et al., 2011 

Kawo et al., 2011 

+ Oreagba et al., 2016 + 

Aka and Obidike, 2010 

Ameyaw et al., 2012 

Abubakar et al., 2017 

Houndjo et al., 2017 

Tannins + 

Kubmarawa et al., 2008 

Adeiza et al., 2010 

Abalaka et al., 2011 

Kawo et al., 2011 

+ 
Kazeem, et al., 2013 

Oreagba et al., 2016 
+ 

Adebayo and Ishola, 2009 

Aka and Obidike, 2010 

Ameyaw et al., 2012 

Abubakar et al., 2017 

Houndjo et al., 2017 

Saponins + 

Kubmarawa et al., 2008 

Adeiza et al., 2010 

Abalaka et al., 2011 

Kawo et al., 2011 

+ 
Kazeem, et al., 2013 

Oreagba et al., 2016 
+ 

Ameyaw et al., 2012 

Abubakar et al., 2017 

Flavanoids + Adeiza et al., 2010 + 
Kazeem, et al., 2013 

Oreagba et al., 2016 
+ 

Adebayo and Ishola, 2009 Aka 
and Obidike, 2010 

Abubakar et al., 2017 

Houndjo et al., 2017 

Triterpenoids + Adeiza et al., 2010 + Kazeem, et al., 2013 + Houndjo et al., 2017 

Cardiac glycosides + Adeiza et al., 2010 + Oreagba et al., 2016 + 
Adebayo and Ishola, 2009 

Aka and Obidike, 2010 

Phenols + Kubmarawa et al., 2008 + Oreagba et al., 2016   

Limonoids + Olmo et al., 1997 −  −  

Steroids −  −  + 
Ameyaw et al., 2012 

Houndjo et al., 2017 

Anthraquinones −  −  + 
Ameyaw et al., 2012 

Houndjo et al., 2017 

Coumarins −  −  + 
Ameyaw et al., 2012 

Houndjo et al., 2017 
 

+: Presence, −: Absence. 
 
 
 

Rearing of D. porcellus  
 
D. porcellus was collected from infested yam chips 
purchased from Dassa  market  and  maintained on healthy 

yam chips in the laboratory using the method described by 
Onzo et al. (2015). The experimental plan was composed 
of cylindrical plastic boxes opened at one extremity. The 
opened extremity  is  covered by a muslin cloth allowing an 

adequate aeration and preventing insects from running out. 
Dried yam chips (500 g) were infested in the plastic boxes 
with 50 adults (3-5 days old) of D. porcellus. The plastic 
boxes were  kept  on  shelves  in  the laboratory at ambient  



 
 
 
 
temperature (Oni and Omoniyi, 2012). After two weeks, adult 
beetles were removed from the breeding boxes in order to obtain a 
F1 generation that was used for all experiments (Isha et al., 2009). 
 
Repellence test 
 
The experimental device consisting of a flat circular plastic tray (36 
cm in diameter by 2 cm in height) with a cardboard divided into 
twelve equal compartments and delimited in the centre by a circle 
having 5 cm of radius glued at the bottom (Babadjide et al., 2008; 
Loko et al. 2017b), which was used to assess repellency in D. 
porcellus due to yam chips combined with leaves powder of the 
three medicinal plants. Ten grams of healthy chips of each resistant 
landrace mixed with a concentration of leaves powder (1, 3, 5, 7 
and 10% w/w) were placed in each compartment of tray 
equidistantly from the centre (Chebet et al., 2013). Similarly, the 
Antouka commercial insecticide (Permethrin 3 g/kg + pyrimiphos 16 
g/kg; Dustable powder) recommended for the protection of stored 
food from insect pests was applied on 10 g of untreated yam chips 
of each landraces at 0.05% (w/w) as recommended by the 
manufacturer, and put in compartments as positive control (Loko et 
al. 2017b). While untreated yam chips of the four landraces were 
used as a negative control. For each treatment, 25 adults of D. 
porcellus (3-7 days old) starved for 24 h were released in the center 
of the tray, which was immediately covered with a transparent 
muslin cloth, to prevent the insects from escaping (Isah et al., 
2009). The experiments were replicated at 3 different times (15, 30, 
and 45 days) with 4 replications (a total of 12 repetitions) for each 
leaves powder concentration. The total number of insects found in 
untreated yam chips (P) and treated yam chips (G) was recorded 
after 1, 12, and 24 h of infestation (Loko et al., 2017a). According to 
Dutra et al. (2016), repellent effect of plants was estimated by 
calculating the percent repellency (PR) and repellency index (IR). 
Repulsion percentage (PR) was calculated using the following 
formula of McDonald et al. (1970):  
 
PR = [(Nc - Nt) / (Nc + Nt)] × 100 
 
Where Nc = number of insects present in untreated yam chips; Nt = 
number of insects present in treated yam chips. The mean 
repellency value of each treatment was calculated and assigned to 
the repellent classes from 0 to V: class 0 (PR ≤ 0.1%), class I (PR = 
0.1 - 20%), class II (PR = 20.1 - 40%), Class III (40.1 - 60%), Class 
IV (60.1 - 80%) and Class V (80.1 - 100%). 

The repellency index (IR) was calculated according to the 
following formula: 
 
IR = 2G / G + P 
 

Where G = percentage of insects attracted by treated yam chips, 
and P = percentage of insects attracted by untreated yam chips. 
The IR values are between 0 and 2 (Gusmão et al., 2013) with, IR = 
1 indicates a similar repellency between treated and untreated yam 
chips (neutral treatment), IR> 1 indicates a lower repellency of 
treated yam chips compared to untreated yam chips (attractive 
treatment) and IR <1 correspond to a greater repulsion of treated 
yam chips compared to untreated yam chips (repellent treatment) 
(Padín et al., 2013). 
 
 
Feeding deterrence test 
 

Feeding deterrence test was based on the method used by Isah et 
al. (2012), and Onzo et al. (2015). For that, 50 g of disinfected yam 
chips from each resistant landraces mixed with different 
concentrations of leaves powder of each medicinal plants (1, 3, 5, 
7, and 10 % w/w), and Antouka commercial insecticide (Permethrin 
3 g/kg + pyrimiphos 16 g/kg, Dustable powder) at 0.05% (w/w) as  a  
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positive control were put in experimental boxes (6 cm in height and 
8 cm in diameter). In the experiment, the untreated yam chips were 
used as negative control. In each box, yam chips of each landrace 
were infested with 20 adults of D. porcellus (3-7 days old) starved 
for 24 h. These boxes were covered by a muslin cloth to prevent 
the escape of insects and serves as aeration medium. Each 
treatment was repeated 4 times. The boxes were placed in the 
laboratory in a completely randomized block for 30, 60 and 90 days 
(Isah et al., 2012). At the end of each experimental period, the 
damage due to D. porcellus attacks was evaluated on the basis of 
proportion of yam chips consumed by the pests. This proportion 
was estimated according to the formula (Chijindu and Boateng, 
2008): 
 

 
 
 
Mortality test 
 
Mortality test was conducted according to the methodology used by 
Chebet et al. (2013) with some modifications. Leaves powder of 
each of the three medicinal plants were mixed with 100 g of 
disinfected yam chips of each landrace in plastic boxes (10 cm of 
high and 13 cm in diameter) at different concentrations (0, 2, 4, 6, 
8, 10% w/w). Yam chips impregnated with Antouka synthetic 
insecticide (Permethrin 3 g/kg + pyrimiphos 16 g/kg, DP) (0.05% 
weight/weight) were used as a positive control. Ten pairs of 
unsexed adult insects were introduced into treated and untreated 
yam chips. Each box was covered with a transparent muslin cloth, 
to prevent the insects from escaping.  Treatments were arranged in 
a completely randomised design with 4 replicates. The dead adults 
were counted after 1, 3, 5, 7, 14 and 21 days of infestation (Othira 
et al., 2009). The adult mortality rate was calculated according to 
the formula of Asawalam et al. (2006) and corrected with Abbott's 
formula (Abbott, 1925) to eliminate the natural mortality of control: 
 

 
 

 
 
Where T = treated yam chips and C = untreated yam chips. 
 
 
Reproductive inhibition test 
 
Twenty grams of yam chips from the four resistant yam landraces 
were introduced into the experimental boxes (height: 6 cm and 
diameter: 8 cm) and mixed with different concentrations of powders 
of each medicinal plant (1, 3, 5, 7, and 10% w/w) (Chebet et al., 
2003), and Antouka commercial insecticide (Permethrin 3 g/kg + 
pyrimiphos 16 g/kg; DP) at 0.05% (w/w) as a positive control. The 
untreated yam chips were used as negative control. Twenty newly 
emerged adults (3-7 days old) of D. porcellus (10 males and 10 
females) were introduced into the centre of each experimental box. 
They were allowed to lay eggs for one week after which they were 
removed (Chijindu et al., 2008). The treatments were arranged in a 
completely randomised design with 4 replicates. The emerged 
adults of F1 progeny were counted 35 days after the begining of 
experiment. For that, experimental boxes were prospected and 
emerged adults were collected every 2 days until there is no 
emerged adult. The percent reduction in adult emergence or 
reproductive inhibition rate (IR %) was calculated according to 
Tapondjou et al. (2002) using the formula: 

 

𝐏𝐞𝐫𝐜𝐞𝐧𝐭𝐚𝐠𝐞 𝐨𝐟  𝐰𝐞𝐢𝐠𝐡𝐭 𝐥𝐨𝐬𝐬 =
𝐢𝐧𝐢𝐭𝐢𝐚𝐥 𝐰𝐞𝐢𝐠𝐡𝐭 − 𝐟𝐢𝐧𝐚𝐥 𝐰𝐞𝐢𝐠𝐡𝐭

𝐢𝐧𝐢𝐭𝐢𝐚𝐥 𝐰𝐞𝐢𝐠𝐡𝐭
 ×  𝟏𝟎𝟎 

 

 

𝐏𝐞𝐫𝐜𝐞𝐧𝐭 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 =
𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝑫. 𝒑𝒐𝒓𝒄𝒆𝒍𝒍𝒖𝒔 𝐝𝐞𝐚𝐝

𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝑫. 𝒑𝒐𝒓𝒄𝒆𝒍𝒍𝒖𝒔 𝐢𝐧𝐭𝐫𝐨𝐝𝐮𝐜𝐞𝐝
 ×  𝟏𝟎𝟎 

 

 

𝐂𝐨𝐫𝐫𝐞𝐜𝐭𝐞𝐝 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 (%)  =
% 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 𝐢𝐧 𝐓 − % 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 𝐢𝐧 𝐂

𝟏𝟎𝟎 − % 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 𝐢𝐧 𝐂 
×  𝟏𝟎𝟎 

 

 

 

𝐏𝐞𝐫𝐜𝐞𝐧𝐭 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 =
𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝑫. 𝒑𝒐𝒓𝒄𝒆𝒍𝒍𝒖𝒔 𝐝𝐞𝐚𝐝

𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝑫. 𝒑𝒐𝒓𝒄𝒆𝒍𝒍𝒖𝒔 𝐢𝐧𝐭𝐫𝐨𝐝𝐮𝐜𝐞𝐝
 ×  𝟏𝟎𝟎 

 

 

𝐂𝐨𝐫𝐫𝐞𝐜𝐭𝐞𝐝 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 (%)  =
% 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 𝐢𝐧 𝐓 − % 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 𝐢𝐧 𝐂

𝟏𝟎𝟎 − % 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 𝐢𝐧 𝐂 
×  𝟏𝟎𝟎 
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Where, NU = number of newly emerged adult insects in untreated 
yam chips, NT = number of newly emerged adult insects in treated 
yam chips. 
 
 
Statistical analysis 
 
Data on percentage mortality, repellency, weight loss, and 
reproductive inhibition were arcsine-transformed (arscine√x), while 
data on the number of emerged F1 progeny were log-transformed 
(log(x + 1)) in order to homogenize their variance. The transformed 
data were then subjected to general linear model (GLM) using IBM 
SPSS Statistics 25 software package. Significant differences 
among the means were separated using Student Newman keuls 
statistic at the 5% level of probability. The original data are 
presented in tables and figures. Principal component analysis 
(ACP) was also carried out with Minitab software version 18 in order 
to examine the contribution of each combination of resistant yam 
chips treated with leaves powder of medicinal plants on D. porcellus 
control. For that, the different combinations of resistant yam chips 
and leaves powder of medicinal plants were considered as 
individuals and corresponding mean values of repellency, mortality, 
reproductive inhibition, and weight loss were as variables.  
 
 
RESULTS 
 
Repellent effect of resistant yam chips combined 
with leaves powder on D. porcellus 
 
The synthetic insecticide Antouka and resistant yam 
chips combined with leaves powder of B. sapida, K. 
senegalensis and B. ferruginea at all concentrations had 
a strong repellent effect on D. porcellus (Table 2). 
However, no significant interaction between resistant yam 
chips and leaves powder of the three medicinal plants on 
D. porcellus repellency were observed (p ≥ 0.05). 
Moreover, the interaction between resistant yam chips, 
medicinal plants and leaves powder concentration on 
repellence of D. porcellus was not significant (p ≥ 0.05) 
for all treatments. The results showed that percent 
repellency of D. porcellus adults by resistant yam chips 
treated with different concentration of leaves powder of 
the three medicinal plants had not varied significantly 
than commercial insecticide Antouka after 1 h of 
experiment (p ≥ 0.05). However, yam chips of Yakanougo 
landrace combined with leaves powder of B. sapida 
respectively at 7 and 3% were more repellent than 
Antouka insecticide after 12 h (p ≤ 0.05) and 24 h (p ≤ 
0.05) of experiment. The results also showed that leaves 
powder of B. sapida, K. senegalensis and B. ferruginea 
had repellent classes ranging from II to IV with a 
repellency index varying from 0.33 to 0.65 (Table 2). 
Similarly to Antouka insecticide, leaves powder of B. 
sapida combined with yam chips of Wonmangou 
landrace at 5 and 7%, Yakanougo landrace at 3, 5 and 
7%, and Boniouré landrace at 5 and 7% exhibited a class  

 
 
 
 
IV of repellence (Table 1). Similar trend was observed 
with yam chips of Boniwouré landrace combined with 
leaves powder of K. senegalensis at 5%.  
 
 
Effect of resistant yam chips combined with leaves 
powder on D. porcellus damages 
 
There was a statistically significant interaction of resistant 
yam chips combined with leaves powder of the three 
medicinal plants on reduction of D. porcellus damages 
after 30 (p ≤ 0.05), and 60 (p ≤ 0.05) days of 
experiments. After 90 days of experimentation this 
interaction was not significant (p ≥ 0.05). However, no 
concentration-dependent reduction of weight loss was 
observed with leaves powder of different medicinal plants 
(p ≥ 0.05). After 30 days of experiment, only leaves 
powder of B. sapida combined with yam chips of 
Gaboubaba at 3%, and Wonmangou at 1 and 5% 
exhibed a significant reduction of weight loss (p ≤ 0.01) 
than untreated yam chips. The combination of yam chips 
of resistant landraces with different concentrations of 
leaves powders of B. sapida, K. senegalensis and B. 
ferruginea caused a significant reduction of weight loss 
than untreated yam chips at 60 (p ≤ 0.001), and 90 days 
(p ≤ 0.001) of experiments. No significant difference was 
observed between weight loss of yam chips protected 
with synthethic insecticide Antouka and those protected 
with leaves powder of the three medicinal plants during 
all the experimental periods (Table 3).  
 
 
Effect of resistant yam chips combined with leaves 
powder on D. porcellus mortality  
 
The combination of resistant yam chips with different 
concentration of leaves powder of the three medicinal 
plants increased the mortality of D. porcellus during all 
experimental period than untreated yam chips (Figure 1). 
A significant interaction (p ≤ 0.05) of resistant yam chips 
treated with different leaves powder concentrations of K. 
senegalensis on D. porcellus mortality (Figure 1b) was 
observed after 1, and 3 days of experiment. However, 
after 5 days of experiment, no significant interaction (p ≥ 
0.05) between resistant yam chips, medicinal plants and 
leaves powder concentration on D. porcellus mortality 
was recorded. The results showed that mortality was 
concentration-dependent increasing with increasing 
dosage of leaves powder of medicinal plants after 21 
days of experiment (p ≤ 0.05). The highest mortality was 
recorded with the synthetic insecticide Antouka with a 
mean mortality rate of 84.8% (Figure 1). While, the lowest 
mortality rates were observed on untreated yam chips 
with a mean mortality rate of 10.5% after 21 days of 
experiment. The combination of leaves powder of K. 
senegalensis with yam chips of the four resistant 
landraces  at 8%, of leaves powder of B. sapida with yam  

 

 

𝐑𝐞𝐩𝐫𝐨𝐝𝐮𝐜𝐭𝐢𝐯𝐞 𝐢𝐧𝐡𝐢𝐛𝐢𝐭𝐢𝐨𝐧 𝐫𝐚𝐭𝐞 =
𝑵𝑼 − 𝐍𝐓

𝐍𝐔
 ×  𝟏𝟎𝟎 

 



Estelle et al.          2123 
 
 
 
Table 2. Percent repellence (mean ± SE) of adult D. porcellus and repellent class of B. sapida, K. senegalensis, and B. ferruginea leaves powder combined with resistant yam chips at 
different concentrations and exposure time. 
 

Species name Landraces 

Powders 
concentration 

(%) 

Percentage of repellency of treatments after 
Mean 

repellency 
Repellency 

class 
Repellency 

index 
Classification 

1 h 12 24 h 

B. sapida 

Boniwouré 

1 57.10 ± 12.0 
a
 49.9 ± 13.10 

a
 51.40 ± 13.5 

ab
 52.83 ± 6.52 

a
 III 0.47 ± 0.06 Repellent 

3 52.10 ± 3.37 
a
 58.00 ± 12.1 

a
 67.41 ± 7.07 

a
 59.20 ± 4.70 

a
 III 0.41 ± 0.05 Repellent 

5 70.79 ± 7.70 
a
 58.1 ± 16.60 

a
 68.33 ± 9.28 

a
 65.73 ± 6.24 

a
 IV 0.34 ± 0.06 Repellent 

7 69.36 ± 4.30 
a
 70.00 ± 5.00 

ab
 62.80 ± 14.8 

ab
 67.38 ± 4.82 

a
 IV 0.33 ± 0.05 Repellent 

10 41.67 ± 8.33 
a
 42.00 ± 8.99 

a
 39.90 ± 12.9 

ab
 41.21 ± 5.15 

a
 III 0.59 ± 0.05 Repellent 

Gaboubaba 

1 29.80 ± 10.60 
a
 56.40 ± 15.8 

a
 53.30 ± 15.4 

ab
 46.49 ± 8.21 

a
 III 0.54 ± 0.08 Repellent 

3 47.00 ± 4.56 
a
 56.70 ± 12.0 

a
 56.77 ± 8.43 

ab
 53.48 ± 4.72 

a
 III 0.47 ± 0.05 Repellent 

5 37.00 ± 24.4 
a
 35.00 ± 12.6 

a
 45.66 ± 9.19 

ab
 39.23 ±  8.51

a
 II 0.61 ± 0.08 Repellent 

7 40.70 ± 11.7 
a
 42.42 ± 9.52 

a
 41.40 ± 11.2 

ab
 41.50 ± 5.45 

a
 III 0.59 ± 0.05 Repellent 

10 21.00 ± 12.4 
a
 42.77 ± 1.58 

a
 46.40 ± 17.6 

ab
 36.72 ± 7.39 

a
 II 0.63 ± 0.07 Repellent 

Wanmangou 

1 32.06 ± 6.63 
a
 46.67 ± 5.30 

a
 57.20 ± 13.1 

ab
 45.32 ± 5.79 

a
 III 0.55 ± 0.06 Repellent 

3 70.00 ± 5.00 
a
 56.40 ± 3.96 

a
 63.89 ± 7.35 

ab
 58.13 ± 4.95 

a
 III 0.42 ± 0.05 Repellent 

5 63.06 ± 1.94 
a
 66.03 ± 3.31 

a
 61.85 ± 9.21 

ab
 63.65 ± 2.95 

a
 IV 0.36 ± 0.03 Repellent 

7 56.10 ± 12.0 
a
 63.52 ± 5.88 

a
 63.54 ± 4.58 

ab
 61.05 ± 4.26 

a
 IV 0.39 ± 0.04 Repellent 

10 41.67 ± 8. 33 
a
 53.30 ± 14.8 

a
 40.90 ± 17.9 

ab
 45.29 ± 7.41 

a
 III 0.55 ± 0.07 Repellent 

Yakanougo 

1 25.93 ± 7.41 
a
 54.60 ± 16.8 

a
 62.10 ± 11.7 

ab
 51.07 ± 7.10 

a
 III 0.49 ± 0.07 Repellent 

3 63.52 ± 5.88 
a
 72.88 ± 4.84 

ab
 73.48 ± 5.30 

a
 69.96 ± 3.13 

a
 IV 0.30 ± 0.03 Repellent 

5 57.8 ± 12.4 
a
 59.30 ± 13.4 

a
 63.80 ± 12.2 

ab
 60.28 ± 6.38 

a
 IV 0.40 ± 0.06 Repellent 

7 74.81 ± 4.12 
a
 75.93 ± 0.93 

b
 68.99 ± 7.16 

a
 73.25 ± 2.63 

a
 IV 0.27 ± 0.03 Repellent 

10 44.80 ± 14.9 
a
 54.40 ± 10.3 

a
 36.30 ± 10.4 

ab
 45.17 ± 6.57 

a
 III 0.55 ± 0.06 Repellent 

          

K. senegalensis 

Boniwouré 

1 56.61 ± 8.26 
a
 58.10 ± 8.30 

a
 50.80 ± 18.3 

ab
 55.17 ± 6.37 

a
 III 0.45 ± 0.06 Repellent 

3 54.90 ± 11.3 
a
 47.78 ± 7.78 

a
 50.40 ± 12.6 

ab
 52.09 ± 5.14 

a
 III 0.48 ± 0.05 Repellent 

5 57.10 ± 12.0 
a
 64.00 ± 10.7 

ab
 68.33 ± 9.28 

a
 63.17 ± 5.60 

a
 IV 0.37 ± 0.06 Repellent 

7 42.40 ± 16.3 
a
 36.11 ± 7.35 

a
 41.70 ± 10.1 

ab
 40.99 ± 5.79 

a
 III 0.59 ± 0.06 Repellent 

10 51.30 ± 12.4 
a
 37.96 ± 9.12 

a
 41.14 ± 8.86 

ab
 43.45 ± 5.50 

a
 III 0.56 ± 0.05 Repellent 

Gaboubaba 

1 59.37 ± 9.78 
a
 36.51 ± 3.17 

a
 25.71 ± 8.73 

b
 40.53 ± 6.31 

a
 III 0.59 ± 0.06 Repellent 

3 39.7 ± 16.8 
a
 41.40 ± 13.9 

a
 27.00 ± 14.3 

b
 36.77 ± 8.17 

a
 II 0.63 ± 0.08 Repellent 

5 25.1 ± 12.5
a
 46.10 ± 2.09 

a
 61.85 ± 9.21 

ab
 44.36 ± 6.98 

a
 III 0.56 ± 0.06 Repellent 

7 46.14 ± 4.78 
a
 36.90 ± 17.5 

a
 26.90 ± 16.1 

b
 37.56 ± 7.41 

a
 II 0.62 ± 0.07 Repellent 

10 44.44 ± 8.01 
a
 63.89 ± 7.35 

ab
 41.96 ± 0.95 

ab
 45.63 ± 7.28 

a
 III 0.50 ± 0.05 Repellent 

Wanmangou 

1 63.1 ± 10.2 
a
 36.90 ± 17.5 

a
 58.10 ± 8.30 

ab
 52.70 ± 7.49 

a
 III 0.47 ± 0.07 Repellent 

3 48.6 ± 17.5 
a
 17.86 ± 3.57 

a
 26.43 ± 7.46 

b
 37.70 ± 7.73 

a
 II 0.62 ± 0.08 Repellent 

5 58.10 ± 8.30 
a
 59.30 ± 13.4 

a
 50.84 ± 9.06 

ab
 56.07 ± 5.40 

a
 III 0.44 ± 0.05 Repellent 
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7 46.14 ± 4.78 

a
 32.30 ± 19.6 

a
 58.30 ± 12.7 

ab
 46.11 ± 8.04 

a
 III 0.54 ± 0.08 Repellent 

10 49.8 ± 18.3 
a
 38.90 ± 14.0 

a
 49.10 ± 12.5 

ab
 45.91 ± 7.75 

a
 III 0.54 ± 0.08 Repellent 

Yakanougo 

1 45.4 ± 18.6 
a
 50.00 ± 9.62 

a
 44.40 ± 11.1 

ab
 46.60 ± 6.89 

a
 III 0.53 ± 0.07 Repellent 

3 42.22 ± 8.89 
a
 32.50 ± 10.3 

a
 42.40 ± 12.2 

ab
 40.25 ± 4.97 

a
 III 0.60 ± 0.05 Repellent 

5 29.8 ± 10.6 
a
 45.00 ± 10.4 

a
 45.66 ± 9.19 

ab
 48.47 ± 8.37 

a
 III 0.52 ± 0.08 Repellent 

7 64.3 ± 10.7
a
 44.40 ± 11.1 

a
 55.56 ± 8.01 

ab
 55.29 ± 5.94 

a
 III 0.45 ± 0.06 Repellent 

10 44. 24 ± 9.47 
a
 52. 22 ± 7.78 

a
 35.20 ± 10.2 

ab
 43.88 ± 5.22 

a
 III 0.56 ± 0.05 Repellent 

          

B. ferruginea 

Boniwouré 

1 50.8 ± 18.3
a
 59.50 ± 10.9 

a
 53.50 ± 12.1 

ab
 54.60 ± 7.19 

a
 III 0.45 ± 0.07 Repellent 

3 52.9 ± 13.2
a
 41.9 ± 11.0 

a
 64.00 ± 10.7 

a
 52.92 ± 6.68 

a
 III 0.47 ± 0.07 Repellent 

5 47.2 ± 12.1
a
 27.38 ± 8.33 

a
 52.90 ± 19.6 

ab
 42.50 ± 8.06 

a
 III 0.58 ± 0.08 Repellent 

7 47.1 ± 17.0
a
 62.70 ± 6.50 

ab
 37.96 ± 9.12 

ab
 49.25 ± 6.90 

a
 III 0.51 ± 0.07 Repellent 

10 52.38 ± 9.52
a
 48.3 ± 11.7 

a
 36.51 ± 3.17 

ab
 45.71 ± 5.05 

a
 III 0.54 ± 0.05 Repellent 

Gaboubaba 

1 36.51 ± 3.17
a
 34.49 ± 4.76 

a
 42.00 ± 8.99 

ab
 37.67 ± 3.27 

a
 II 0.62 ± 0.03 Repellent 

3 36.4 ± 19.4
a
 41.11 ± 4.84 

a
 43.30 ± 14.3 

ab
 40.26 ± 7.16 

a
 III 0.60 ± 0.07 Repellent 

5 52.38 ± 9.52
a
 27.38 ± 8.33 

a
 26.74 ± 8.45 

b
 35.50 ± 6.09 

a
 II 0.65 ± 0.06 Repellent 

7 57.14 ± 9.18
a
 54.76 ± 8.58 

a
 55.95 ± 9.74 

ab
 55.95 ± 4.60 

a
 III 0.44 ± 0.05 Repellent 

10 39.29 ± 7.43
a
 44.44 ± 8.01 

a
 44.00 ± 13.5 

ab
 42.59 ± 5.08 

a
 III 0.57 ± 0.05 Repellent 

Wanmangou 

1 35.0 ± 12.6
a
 44.29 ± 2.97 

a
 36.40 ± 19.6 

ab
 38.56 ± 6.93 

a
 II 0.61 ± 0.07 Repellent 

3 40.9 ± 17.9
a
 42.80 ± 16.6 

a
 40.55 ± 3.68 

ab
 41.40 ± 7.13 

a
 III 0.59 ± 0.07 Repellent 

5 28.7 ± 11.4
a
 41.30 ± 15.1 

a
 62.22 ± 2.22 

ab
 44.07 ± 7.36 

a
 III 0.56 ± 0.07 Repellent 

7 36.3 ± 10.4
a
 46.20 ± 11.3 

a
 38.33 ± 7.26 

ab
 40.28 ± 5.13 

a
 III 0.60 ± 0.05 Repellent 

10 47.62 ± 9.91
a
 61.67 ± 7.26 

a
 56.90 ± 10.7 

ab
 55.39 ± 5.13 

a
 III 0.45 ± 0.05 Repellent 

Yakanougo 

1 38.6 ± 17.6
a
 56.77 ± 8.43 

a
 47.62 ± 6.25 

ab
 47.67 ± 6.47 

a
 III 0.52 ± 0.06 Repellent 

3 53.6 ± 19.7
a
 46.30 ± 6.68 

a
 46.10 ± 2.09 

ab
 48.66 ± 6.15 

a
 III 0.51 ± 0.06 Repellent 

5 33.73 ± 5.16
a
 48.57 ± 5.71 

a
 34.40 ± 21.7 

ab
 38.90 ± 7.08 

a
 II 0.61 ± 0.07 Repellent 

7 41.9 ± 16.5
a
 54.76 ± 8.58 

a
 33.30 ± 12.8 

ab
 43.33 ± 7.23 

a
 III 0.57 ± 0.07 Repellent 

10 41.7 ± 12.7
a
 49.63 ± 8.25 

a
 45.40 ± 7.80 

ab
 45.56 ± 5.06 

a
 III 0.54 ± 0.05 Repellent 

Control+ Antouka 0.05 56.64 ± 3.15
a
 60.79 ± 2.41 

a
 64.45 ± 2.21 

a
 60.85 ± 1.52 

a
 IV 0.39 ± 0.01 Repellent 

 

Means within the same rows followed by the same letter are not significantly different using Student Newman Keuls test (𝑝 < 0.05). 
 
 
 
chips of Yakanougo and Boniouré landraces at 
6%, and of leaves powder of B. ferruginea with 
yam chips of Gabouba landrace at 6% caused a 
mortality of more than 50% of the D. porcellus 
population.  

Effect of resistant yam chips combined with 
leaves powder on D. porcellus reproduction 
 
A mean number of D. porcellus adults emerged 
from  resistant   yam  chips  treated  with  different 

concentrations of leaves powder of B. sapida, K. 
senegalensis and B. ferruginea was significantly 
different from those of untreated yam chips after 
35 (p ≤ 0.001) and 37 days (p ≤ 0.001) of 
experimentation (Table 4). However, no significant  
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Table 3. Weight loss (mean ± SE) of resistant yam chips treated with varying concentrations of leaves powder of B. sapida, K. senegalensis, and B. ferruginea after 30, 60 and 90 days of D. 
porcellus feeding.  
 

Species name Landraces Powders concentration (%) 
Average weight losses (%) after 

30 days 60 days 90 days 

B. sapida 

Boniwouré 

1 1.80 ± 0.28 
ab

 3.40 ± 0.36 
b
 3.56 ± 0.81 

b
 

3 1.90 ± 0.57 
ab

 3.05 ± 0.67 
b
 4.25 ± 0.51 

b
 

5 1.66 ± 0.51 
ab

 3.31 ± 0.36 
b
 4.31 ± 0.65 

ab
 

7 1.33 ± 0.39 
ab

 3.31 ± 0.16 
b
 4.46 ± 0.25 

ab
 

10 1.61 ± 0.59 
ab

 2.91 ± 0.28 
b
 3.95 ±0.35 

b
 

Gaboubaba 

1 0.45 ± 0.05 
ab

 2.70 ± 0.42 
b
 4.10 ± 0.15 

ab
 

3 0.23 ± 0.06 
b
 2.30 ± 0.46 

b
 3.25 ± 0.58 

b
 

5 0.76 ± 0.36 
ab

 2.45 ± 0.33 
b
 3.33 ± 0.47 

b
 

7 1.15 ± 0.26 
ab

 2.38 ± 0.23 
b
 3.31 ± 0.1 

b
 

10 0.80 ± 0.17 
ab

 2.23 ± 0.03 
b
 3.16 ± 0.11 

b
 

Wanmangou 

1 0.33 ± 0.07 
b
 2.35 ± 0.14 

b
 3.70 ± 0.18 

b
 

3 0.88 ± 0.28 
ab

 2.61 ± 0.43 
b
 3.70 ± 0.34 

b
 

5 0.21 ± 0.09 
b
 2.21 ± 0.16 

b
 3.85 ± 0.25 

b
 

7 0.56 ± 0.32 
ab

 2.23 ± 0.33 
b
 3.68 ± 0.3 

b
 

10 0.88 ± 0.15 
ab

 2.83 ± 0.13 
b
 4.26 ± 0.18 

b
 

Yakanougo 

1 1.26 ± 0.48 
ab

 3.41 ± 0.49 
b
 3.21 ± 1.53 

b
 

3 1.6 ± 0.44 
ab

 3.68 ± 0.33 
b
 5.45 ± 0.52 

ab
 

5 1.25 ± 0.57 
ab

 3.01 ± 0.44 
b
 4.68 ± 0.16 

ab
 

7 1.11 ± 0.15 
ab

 3.13 ± 0.12 
b
 4.30 ± 0.05 

ab
 

10 1.71 ± 0.14 
ab

 3.60 ± 0.21 
b
 3.33 ± 1.17 

b
 

      

K. senegalensis 

Boniwouré 

1 1.46 ± 0.22 
ab

 3.30 ± 0.13 
b
 4.61 ± 0.27 

b
 

3 1.68 ± 0.45 
ab

 3.10 ± 0.52 
b
 3.96 ± 0.46 

b
 

5 1.21 ± 0.4 
ab

 2.86 ± 0.5 
b
 3.81 ± 0.62 

b
 

7 1.13 ± 0.28 
ab

 2.78 ± 0.06 
b
 3.53 ± 0.04 

b
 

10 0.71 ± 0.16 
ab

 2.58 ± 0.18 
b
 3.48 ± 0.44 

b
 

Gaboubaba 

1 0.68 ± 0.18 
ab

 1.95 ± 0.24 
b
 3.35 ± 0.16 

b
 

3 1.21 ± 0.26 
ab

 2.20 ± 0.14 
b
 3.21 ± 0.26 

b
 

5 1.15 ± 0.28 
ab

 2.55 ± 0.1 
b
 3.63 ± 0.19 

b
 

7 1.15 ± 0.17 
ab

 2.68 ± 0.36 
b
 3.43 ± 0.24 

b
 

10 0.85 ± 0.2 
ab

 2.58 ± 0.18 
b
 3.45 ± 0.28 

b
 

Wanmangou 

1 0.75 ± 0.27 
ab

 2.55 ± 0.32 
b
 3.78 ± 0.35 

b
 

3 0.80 ± 0.2 
ab

 2.78 ± 0.37 
b
 4.36 ± 0.24 

ab
 

5 0.55 ± 0.23 
ab

 2.28 ± 0.06 
b
 3.61 ± 0.26 

b
 

  7 0.53 ± 0.19 
ab

 2.13 ± 0.25 
b
 3.31 ± 0.2 

b
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 10 0.71 ± 0.27 
ab

 2.73 ± 0.46 
b
 3.60 ± 0.5 

b
 

Yakanougo 

1 0.86 ± 0.21 
ab

 3.15 ± 0.13 
b
 4.58 ± 0.23 

b
 

3 1.28 ± 0.3 
ab

 2.60 ± 0.25 
b
 3.48 ± 0.19 

b
 

5 0.83 ± 0.12 
ab

 2.66 ± 0.38 
b
 3.58 ± 0.23 

b
 

7 1.06 ± 0.09 
ab

 2.56 ± 0.5 
b
 3.31 ± 0.39 

b
 

10 0.93 ± 0.13 
ab

 2.98 ± 0.33 
b
 4.06 ± 0.28 

ab
 

      

B. ferruginea 

Boniwouré 

1 0.88 ± 0.13 
ab

 2.73 ± 0.18 
b
 3.75 ± 0.3 

b
 

3 1.03 ± 0.27 
ab

 2.31 ± 0.21 
b
 2.96 ± 0.21 

b
 

5 0.76 ± 0.1 
ab

 3.00 ± 0.72 
b
 3.81 ± 0.44 

b
 

7 1.60 ± 0.6 
ab

 2.95 ± 0.57 
b
 3.86 ± 0.45 

b
 

10 1.33 ± 0.23 
ab

 3.18 ± 0.26 
b
 4.05 ± 0.24 

b
 

Gaboubaba 

1 1.03 ± 0.13 
ab

 3.03 ± 0.1 
b
 3.56 ± 0.4 

b
 

3 0.78 ± 0.21 
ab

 2.96 ± 0.2 
b
 3.73 ± 0.24 

b
 

5 1.10 ± 0.36 
ab

 3.36 ± 0.16 
b
 3.95 ± 0 

b
 

7 1.15 ± 0.1 
ab

 2.86 ± 0.31 
b
 3.93 ± 0.17 

b
 

10 1.10 ± 0.27 
ab

 3.30 ± 0.25 
b
 4.03 ± 0.3 

b
 

Wanmangou 

1 0.51 ± 0.03 
ab

 2.10 ± 0.17 
b
 3.40 ± 0.62 

b
 

3 1.31 ± 0.16 
ab

 3.63 ± 0.24 
b
 4.76 ± 0.24 

ab
 

5 0.70 ± 0.21 
ab

 2.98 ± 0.19 
b
 3.71 ± 0.06 

b
 

7 1.00 ± 0.23 
ab

 3.15 ± 0.2 
b
 3.95 ± 0.17 

b
 

10 1.01 ± 0.22 
ab

 3.53 ± 0.27 
b
 4.16 ± 0.22 

b
 

Yakanougo 

1 0.83 ± 0.14 
ab

 2.80 ± 0.45 
b
 2.78 ± 0.91 

b
 

3 0.96 ± 0.26 
ab

 3.13 ± 0.14 
b
 3.81 ± 0.24 

b
 

5 1.66 ± 0.54 
ab

 2.90 ± 0.53 
b
 3.86 ± 0.54 

b
 

7 1.28 ± 0.2 
ab

 3.33 ± 0.13 
b
 4.18 ± 0.31 

b
 

10 1.20 ± 0.4 
ab

 3.60 ± 0.27 
b
 4.25 ± 0.24 

b
 

Control +  0.05 1.49 ± 0.08 
ab

 3.31 ± 0.07 
b
 4.10 ± 0.10 

b
 

Control -  Any treatment 1.91 ± 0.09 
a
 4.05 ± 0.17 

a
 7.54 ± 0.28 

a
 

 

Means within the same rows followed by the same letter are not significantly different using Student Newman Keuls test (𝑝 < 0.05). 

 
 
 
difference was noted between resistant yam chips 
treated with leaves powder of the three medicinal 
plants and insecticide Antouka during 
experimentations. Significant concentration-
dependent  reproductive  inhibition  was  observed 

after 35 days of experimentation (p ≤ 0.05). 
Signicant interaction between medicinal plants 
and concentrations of leaves powder on 
reproductive inhibition rate was observed (p ≤ 
0.001)  after  35   days   of   experimentation.  The 

resistant yam chips of the four landraces 
combined with leaves powder of K. senegalensis 
significantly inhibited D. porcellus reproduction (p 
≤ 0.001) after 35 days of experimentation. While, 
in    37   days   of   experimentation,   reproductive  
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Figure 1. Mortality of D. porcellus feeding on resistant yam chips treated with leaves powder of (a) B. sapida, (b) K. senegalensis, and (c) B. 
ferruginea. Mortality rate was corrected using Abbott‟s formula. 

 
 
 
inhibition rate of all treatments weren‟t significatively 
different from what we noticed with synthetic insecticide 
Antouka, except yakanougo and Boniouré landraces 
combined respectively with leaves powder of B. sapida at 
10% and B. ferruginae at 5% (Table 4). 
 
 
Contribution of each combination of resistant yam 
chips with leaves powder on D. porcellus control 
 
Principal component analysis showed that the first three 
axes represent about 81.5% of total variability. The first 
axis was positively correlated with weight loss and 
repellency while the second axis was correlated with 
mortality and reproductive inhibition of D. porcellus. 
Furthermore, observing  the  loading  plot  and  the  score 

plot obtained from principal component analysis, the 12 
combinations of resistant yam chips treated with leaves 
powder have been grouped in 4 groups (Figure 2). The 
first group composed of yam chips of Yakanougo, 
Wonmangou and Gaboubaba landraces combined with 
leaves powder of K. senegalensis are characterised by 
their high reproductive inhibition rate of D. porcellus. The 
second group characterised by a strong repellency effect 
on D. porcellus contains yam chips of Boniouré landrace 
treated with leaves powder of B. sapida and K. 
senegalensis, and yam chips of Gaboubaba landrace 
combined with leaves powder of B. sapida. The 
integration of Gaboubaba with leaves powder of K. 
senegalensis which composed the third group was 
characterised by a low weight loss. The fourth group was 
composed of the five remaining  combinations  which  are  

                  

 

Figure 1: Mortality of D. porcellus feeding on resistant yam chips treated with leaves powder of (a) B. sapida, (b) K. senegalensis, and (c) B. 

ferruginea. Mortality rate was corrected using Abbott’s formula.

(a)  (b)  

(c)  
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Table 4. Effect of yam chips from resistant landraces treated with different concentrations of B. sapida, K. senegalensis and B. ferruginea leaves powder on mean number of emerged 
adults (mean ± ES) and reproductive inhibition rate of D. porcellus. 
 

Treatment Landraces 
Concentration 

(%w/w) 

Mean number of F1 progenies Reproduction inhibition rate (%) 

35 days 37 days 35 days 37 days 

B. sapida 

Boniwouré 

1 8.33 ± 2.40 
b
 1.33 ± 0.33 

a
 81.84 ± 3.59 

abc
 90.62 ± 0.87 

ab
 

3 4.00 ± 0.58 
b
 1.67 ± 0.33 

a
 81.95 ± 6.25 

abc
 84.71 ± 4.92 

ab
 

5 6.00 ± 1.53 
b
 1.00 ± 0.58 

a
 81.13 ± 5.90 

abc
 92.49 ± 4.44 

ab
 

7 3.33 ± 0.33 
b
 1.33 ± 0.33 

a
 83.57 ± 2.55 

abc
 84.26 ± 4.63 

ab
 

10 6.33 ± 0.33 
b
 1.33 ± 0.88 

a
 84.21 ± 4.45 

abc
 85.86 ± 9.95 

ab
 

Gaboubaba 

 

1 4.33 ± 1.86 
b
 2.33 ± 0.33 

a
 89.50 ± 5.10 

bcd
 85.47 ± 4.08 

ab
 

3 4.00 ± 0.58 
b
 1.00 ± 0.00 

a
 81.95 ± 6.25 

abc
 90.84 ± 1.91 

ab
 

5 5.67 ± 2.03 
b
 1.67 ± 0.33 

a
 83.95 ± 5.57 

abc
 87.08 ± 1.94 

ab
 

7 3.67 ± 0.88 
b
 1.67 ± 0.33 

a
 83.27 ± 1.27 

abc
 81.02 ± 3.24 

ab
 

10 6.33 ± 1.45 
b
 0.67 ± 0.33 

a
 85.45 ± 3.27 

abc
 93.27 ± 3.42 

ab
 

Wonmangou 

1 5.67 ± 0.88 
b
 0.67 ± 0.33 

a
 87.21 ± 1.72 

abc
 95.77 ± 2.41 

ab
 

3 6.00 ± 1.53 
b
 1.33 ± 0.33 

a
 77.88 ± 1.69 

abc
 87.81 ± 3.55 

ab
 

5 5.33 ± 1.45 
b
 2.00 ± 0.58 

a
 82.84 ± 6.61 

abc
 83.87 ± 4.71 

ab
 

7 3.33 ± 1.33 
b
 0.67 ± 0.33 

a
 80.30 ± 11.6 

abc
 92.13 ± 3.96 

ab
 

10 7.67 ± 2.96 
b
 2.00 ± 1.53 

a
 79.14 ± 8.97 

abc
 87.45 ± 8.43 

ab
 

Yakanougo 

1 6.00 ± 2.08 
b
 2.33 ± 0.88 

a
 86.23 ± 5.29 

abc
 80.03 ± 8.44 

ab
 

3 7.00 ± 0.58 
b
 1.00 ± 0.58 

a
 69.45 ± 8.90 

abc
 89.77 ± 5.37 

ab
 

5 7.67 ± 1.76 
b
 1.67 ± 0.33 

a
 77.73 ± 3.78 

abc
 87.08 ± 1.94 

ab
 

7 5.00 ± 1.15 
b
 0.33 ± 0.33 

a
 76.54 ± 3.59 

abc
 96.30 ± 3.70 

ab
 

10 6.33 ± 1.76 
b
 2.33 ± 0.88 

a
 85.93 ± 3.68 

abc
 74.36 ± 9.47 

a
 

       

K. 
senegalensis 

Boniwouré 

1 7.67 ± 2.19 
b
 1.33 ± 0.33 

a
 81.26 ± 5.84 

abc
 90.61 ± 2.58 

ab
 

3 5.33 ± 1.86 
b
 2.00 ± 0.58 

a
 90.46 ± 1.86 

bcd
 80.03 ± 6.54 

ab
 

5 6.33 ± 1.76 
b
 1.33 ± 0.33 

a
 83.51 ± 3.84 

abc
 90.56 ± 2.16 

ab
 

7 5.33 ± 1.20 
b
 1.67 ± 0.88 

a
 93.34 ± 1.73 

cd
 86.25 ± 7.02 

ab
 

10 5.00 ± 2.08 
b
 2.00 ± 0.58 

a
 89.76 ± 4.47 

bcd
 81.90 ± 4.01 

ab
 

Gaboubaba 

1 6.67 ± 0.88 
b
 1.67 ± 0.88 

a
 82.64 ± 5.14 

abc
 87.96 ± 7.23 

ab
 

3 4.00 ± 1.53 
b
 1.67 ± 0.33 

a
 91.07 ± 4.26 

bcd
 84.13 ± 3.54 

ab
 

5 4.00 ± 0.58 
b
 1.67 ± 0.33 

a
 89.33 ± 1.26 

bcd
 87.80 ± 3.33 

ab
 

7 5.33 ± 0.88 
b
 1.67 ± 0.68 

a
 93.54 ± 0.93 

cd
 80.10 ± 11.5 

ab
 

10 5.00 ± 0.58 
b
 1.33 ± 0.33 

a
 89.19 ± 1.37 

bcd
 86.78 ± 4.51 

ab
 

Wonmangou 

1 7.67 ± 0.67 
b
 1.33 ± 0.88 

a
 80.06 ± 6.38 

abc
 91.67 ± 4.81 

ab
 

3 5.67 ± 1.76 
b
 1.00 ± 0.58 

a
 89.39 ± 2.89 

bcd
 89.63 ± 5.79 

ab
 

5 3.67 ± 1.20 
b
 1.33 ± 0.33 

a
 90.47 ± 2.61 

bcd
 90.83 ± 1.47 

ab
 

  7 3.67 ± 1.20 
b
 1.00 ± 0.00 

a
 95.54 ± 1.37 

cd
 89.64 ± 2.01 

ab
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 10 5.67 ± 1.33 
b
 1.67 ± 0.68 

a
 86.75 ± 4.25 

abc
 84.43 ± 5.90 

ab
 

Yakanougo 

1 5.67 ± 1.20 
b
 1.67 ± 0.33 

a
 84.39 ± 6.72 

abc
 88.36 ± 2.76 

ab
 

3 5.33 ± 1.33 
b
 1.33 ± 0.88 

a
 88.41 ± 5.03 

bcd
 88.60 ± 6.66 

ab
 

5 6.33 ± 0.67 
b
 1.33 ± 0.67 

a
 83.12 ± 0.95 

abc
 91.63 ± 4.21 

ab
 

7 6.33 ± 0.67 
b
 2.00 ± 0.58 

a
 92.14 ± 1.38 

bcd
 79.75 ± 5.80 

ab
 

10 3.33 ± 0.88 
b
 1.33 ± 0.33 

a
 93.05 ± 1.20 

cd
 87.71 ± 2.26 

ab
 

       

B. ferruginea 

Boniwouré 

1 7.67 ± 2.33 
b
 2.33 ± 0.68 

a
 76.51 ± 6.83 

abc
 80.99 ± 5.60 

ab
 

3 6.00 ± 2.08 
b
 1.33 ± 0.33 

a
 73.63 ± 5.67 

abc
 86.90 ± 2.56 

ab
 

5 5.00 ± 0.58 
b
 2.00 ± 0.58 

a
 91.37 ± 3.07 

abc
 74.89 ± 8.95 

a
 

7 5.00 ± 1.53 
b
 1.00 ± 0.58 

a
 89.97 ± 4.77 

bcd
 86.10 ± 10.0 

ab
 

10 7.00 ± 1.53 
b
 1.67 ± 0.67 

a
 87.33 ± 1.33 

abc
 86.26 ± 6.78 

ab
 

Gaboubaba 

1 10.0 ± 1.53 
b
 1.67 ± 0.33 

a
 62.10 ± 15.0 

ab
 86.40 ± 2.86 

ab
 

3 8.67 ± 1.20 
b
 1.00 ± 0.58 

a
 57.40 ± 10.7 

a
 89.63 ± 5.79 

ab
 

5 5.67 ± 2.03 
b
 1.33 ± 0.33 

a
 89.23 ± 5.84 

bcd
 82.68 ± 5.82 

ab
 

7 3.33 ± 0.82 
b
 0.67 ± 0.33 

a
 93.42 ± 2.85 

cd
 92.59 ± 4.90 

ab
 

10 8.00 ± 2.08 
b
 2.33 ± 0.88 

a
 84.43 ± 4.08 

abc
 83.04 ± 5.03 

ab
 

Wonmangou 

1 8.00 ± 2.52 
b
 1.00 ± 0.58 

a
 72.50 ± 10.6 

abc
 92.46 ± 4.14 

ab
 

3 5.67 ± 0.33 
b
 2.33 ± 0.68 

a
 69.30 ± 2.00 

abc
 77.21 ± 5.89 

ab
 

5 5.67 ± 2.40 
b
 2.00 ± 1.15 

a
 89.88 ± 4.72 

bcd
 74.90 ± 16.9 

ab
 

7 5.33 ± 0.88 
b
 1.00 ± 0.58 

a
 90.71 ± 1.01 

bcd
 88.89 ± 5.56 

ab
 

10 5.33 ± 0.88 
b
 1.67 ± 0.68 

a
 88.88 ± 3.97 

bcd
 88.16 ± 3.48 

ab
 

Yakanougo 

1 7.00 ± 0.58 
b
 1.33 ± 0.88 

a
 75.06 ± 9.07 

abc
 88.64 ± 7.31 

ab
 

3 6.33 ± 1.20 
b
 1.67 ± 0.33 

a
 70.83 ± 3.99 

abc
 83.20 ± 3.60 

ab
 

5 9.00 ± 2.08 
b
 1.00 ± 0.00 

a
 83.58 ± 7.73 

abc
 87.45 ± 1.73 

ab
 

7 6.00 ± 0.58 
b
 1.67 ± 0.33 

a
 88.80 ± 2.96 

bcd
 82.41 ± 7.91 

ab
 

10 6.67 ± 1.20 
b
 1.00 ± 0.58 

a
 87.63 ± 1.10 

abc
 93.27 ± 3.64 

ab
 

Control + Antouka 0.05 0.07 ± 0.04 
a
 0.00 ± 0.00 

a
 99.82 ± 0.12 

d
 100.00 ± 0.00 

b
 

Control - Untreated yam chips - 45.36 ± 20.27
c
 11.56 ± 3.42

b
 - - 

 

Means within the same rows followed by the same letter are not significantly different using Student Newman Keuls test (𝑝 < 0.05).  
 
 
 

characterised by a high mortality of D. porcellus.  
 
 
DISCUSSION 
 
The  results   of   this   study    showed    that   the 

combination of yam chips from resistant landraces 
with leaves powder of B. ferruginea, B. sapida and 
K. senegalensis has a repellent effect similar to 
synthetic insecticide Antouka on D. porcellus. 
These results were not surprising because in 
previous studies  leaves  powder  of B. ferruginea, 

B. sapida and K. senegalensis (Loko et al., 
2017a) as well as yam chips from yam landraces 
(Loko et al., 2017b) were repellent to D. porcellus. 
Although the interaction between resistant yam 
chips and medicinal plants has not been 
significant,  the  high  repellence  observed  on  D.  
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Figure 2. Principal Component Analysis clustering based on repellence, mortality, reproduction inhibition, and 
weight loss reduction effect of four resistant landraces combined with leaves powder of the three medicinal plants. 
Group 1: high reproduction inhibition rate of D. porcellus; Group 2: strong repellency effect on D. porcellus; Group 
3: low weight loss; Group 4: high mortality of D. porcellus. 

 
 
 
porcellus could be due, on one hand to the effect of 
physicochemical compounds in yam chips and in the 
other hand to the presence of repulsive volatile 
substances in the leaves of each of the three medicinal 
plants (Table 1). Indeed, the color, smell and texture of 
yam chips could play a determining role in the repulsion 
of D. porcellus (Onzo et al., 2015). In addition, the 
triterpenoid, tannins and saponoside contained in the 
leaves powder of B. ferruginea (Addae-Mensah and 
Achenbach, 1985), B. sapida (Ubulom et al., 2012) and 
K. senegalensis (Makut et al., 2008) are known repulsive 
for phytophagous insects because of vapor acting on 
their olfactory receptors (Moore and Lenglet, 2004). The 
fact that some associations of resistant landraces and 
powders of medicinal plants have given a high repulsion 
values which is above 60% (class IV), revealed the 
importance of their use in the long-term conservation of 
yam chips against D. porcellus; because stocks can  
effectively be  protected against this pest, thereby 
tendency for infestation will be reduced. 

The weight losses caused by D. porcellus on yam chips 
treated at different concentrations of B. sapida, K. 
senegalensis and B. ferruginea leaves powder were 
lower than the one caused on the negative control. 
According to a previous research, the  losses  caused  by 

storage insects on the chips depend on some factors 
such as chips texture (Campbell and Runnion, 2003), 
partial starch gelatinization after the pre-cooking (which 
causes the curing of the chips) (Rajamma et al., 1996), 
biochemical composition of chips (which could 
encourageor discourage the survival and multiplication of 
pests) (Wong and Lee, 2011), and environmental 
conditions (temperature, humidity, etc.) (Chukwulobe and 
Echezona, 2014). In addition, the combined effect of anti-
nutritional factors such as tannins, saponins and phytic 
acid contained in yam chips (Djeri et al., 2015) and 
leaves powder of the three medicinal plants tested (B. 
sapida, K. senegalensis and B. ferruginea) could explain 
the low weight losses caused by D. porcellus. All these 
factors put together influence the development of D. 
porcellus and therefore reduce the consumption rate of 
yam chips by this main pest. 

The results also showed that the mortality of D. 
porcellus induced by treated yam chips with different 
concentrations of leaves powder of B. sapida, K. 
senegalensis and B. ferruginea. This could be explained 
by the synergistic effect of antinutritional compounds 
present in yam chips (Djeri et al., 2015) and the chemical 
compounds present in leaves powder of medicinal plants 
(Chebet et al., 2013). Indeed, leaves powder of medicinal  

 



 
 
 
 
plants caused an asphyxiation of insects by penetrating 
into the internal organs of the insect through its 
respiratory systems (Fernando and Karunaratne, 2012; 
Kedia et al., 2015). According to Sousa et al. (2005) 
vegetables powder involve the dehydration of insects by 
erosion of cuticle layer which causes the death of the 
insect. The fact that some combinations of resistant yam 
chips with leaves powder of medicinal plants at some 
given concentrations caused mortality rates higher than 
50% of D. porcellus is promising for the adoption and the 
use of this integrated method for the management of this 
pest by farmers. These results are similar to those of 
Maina and Lale (2004), Babarinde et al. (2008), and Lale 
and Mustapha (2000), who showed the potential that the 
integration of insect repellent/insecticidal plant extracts 
with varietal resistance in the protection of stored 
products against harmful insects. Thus, the combination 
of the yam chips of four landraces with leaves powder of 
B. ferruginea, B. sapida and K. senegalensis must be 
promoted for the integrated management of D. porcellus. 

The combination of B. ferruginea, B. sapida and K. 
senegalensis leaves powder with resistant yam chips 
caused an inhibition in the reproduction of D. porcellus 
and also affected the mean number of D. porcellus adult 
emerged (F1 progeny). Based on previous studies, the 
reproductive inhibition of D. porcellus may be caused by 
physiological and behavioral changes in adult insects due 
to their contact with plant products. This contact could 
affect their egg-laying ability (Kedia et al., 2015). 
However, the reduction in the emergence of insects by 
different plant products is largely related to the ovicidal 
properties, which prevents the hatching of eggs (Jadhav 
and Jadhav, 1984) and/or linked to the larvicidal activity, 
which prevents the larval maturity into adults. Similar 
studies reported by Mukanga et al. (2010) showed that 
the powders of five botanical species (eucalyptus, guava, 
neem, tephrosia and water hyacinth) reduced weight loss 
and the emergence of Prostephanus truncatus 
populations in dried cassava chips. Nevertheless, 
exhaustive studies are necessary to identify the active 
compounds in each of the three medicinal plants and in 
the yam chips of the four landraces as well as their 
syntheses for an effective scientific formulation in the 
control of D. porcellus. 
 
 

Conclusion 
 
Our results showed that the combined use of resistant 
yam chips and leaves powder of B. ferruginea, B. sapida 
and K. senegalensis at all concentrations have a great 
potential for the management of D. porcellus. However, 
further studies will be necessary to identify the active 
components contained both in the yam chips and in the 
leaves powder of the three medicinal plants responsible 
for the repellent and insecticidal effect on D. porcellus. 
Biological activities of leaves powder of these three 
medicinal plants and resistant landraces  associated  with  
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their availabilities in Beninese agriculture, make them 
less expensive than synthetic pesticides for poor-
resources farmers. Moreover, combination of resistant 
yam chips with repellent and insecticidal plants such as 
B. ferruginea, B. sapida and K. senegalensis for 
integrated management of D. porcellus is an 
environmental friendly alternative method adapted for 
small farm holder of the republic of Benin. Because of 
their strong repellent effect on D. porcellus, we 
recommend for yam chips short term conservation (3-6 
months) the use of Boniouré or Gaboubaba landraces 
treated with leaves powder of B. sapida. While for yam 
chips long term conservation we recommend the use of 
Yakanougo, Wonmangou or Gaboubaba landraces 
combined with leaves powder of K. senegalensis 
because of their high reproductive inhibition rate of D. 
porcellus. 
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This paper investigates and explores the relationship between agricultural gross domestic product 
(AGDP) and major fruit output: apple, citrus, pears, grapes and bananas in China. The ordinary least 
square (OLS) method and the augmented Dickey-Fuller (ADF) test were used to analyze the data, and 
the Johansen co-integration test was used to interpret the results. The machine learning technique was 
used to examine and to predict future agricultural productivity in China. Our study found that the 
coefficient of the apple fruit output has a significant or positive relationship with the AGDP. The results 
also show that the output of citrus, grapes and pears have coefficients that demonstrate a positive 
relationship with the AGDP, while the banana fruit output bears a negative relationship with China’s 
AGDP and is statistically insignificant. The use of an econometric analysis and machine learning 
technique to examine the relationship between the AGDP and the output from major fruits production in 
China makes the current study unique. A review of the literature suggests that only limited research has 
been conducted in this area.  
 
Key words: Major fruits, AGDP, ADF, production, machine learning technique. 

 
 
INTRODUCTION 
 
China’s population continues to grow, and China is now 
the world’s largest food consumer. Each year, China 
consumes about 5 million tonnes of food and feeds about 
20% of the world’s population. Currently, agriculture 
accounts for 36% of the world’s land cover area (Xiao et 
al., 2014; Rehman et al., 2017). In a broad sense, the 
cultivation of agricultural crops is important for 
environment and socio-economic growth in most 
countries (Rajalahti  et  al.,  2012;  Rehman et  al.,  2017). 

Developing countries face challenges and constraints 
regarding agricultural development and food security, and 
food security are required for subsistence and rural 
development. Socio-economic and protective 
development requires robust infrastructure for innovative 
management systems, facilities and operations for 
agricultural output. It has been reported that agricultural 
output, facilities and operations will increase by at least 
70%  of  agricultural   production  over  the  next 40 years  
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(Kilelu and Leeuwis, 2013).  

Through new policies and increased financial support, 
China’s government has made systematic efforts to 
accelerate the development of agricultural cooperatives. 
Because of these efforts, new laws governing farming 
cooperatives were introduced in 2007 with the goal of 
promoting sustainable agricultural development. The 
Chinese Ministry of Agriculture reported that about 25.2% 
of the country’s farmers participated in agricultural 
cooperatives in 2013 (Ma and Abdulai, 2016). However, 
farmers are affected by high transaction costs, which 
affect the ability of several villages to participate in the 
cooperatives (Deng et al., 2010; Francesconi and 
Wouterse, 2015). Many studies have shown that 
agricultural cooperatives have been used to develop and 
to modernize agricultural technology to improve the 
welfare of farmers and their families (Fischer and Qaim, 
2012; Ito et al., 2012; Abebaw and Haile, 2013). 

In the last few decades, China’s agricultural productivity 
has increased rapidly; however, this has led to serious 
environmental and ecological problems (Ju et al., 2004; 
Na et al., 2016; Zhang et al., 2011; Fan et al., 2011). In 
addition, compared to that of other developed countries, 
China’s nitrogen use efficiency is low for its economic 
crops. Because of the large amount of fertilizer emissions 
and pesticides in the soil, atmosphere and surface water, 
the combination of chemical fertilizer and low nutrient use 
has caused serious environmental problems (Ju et al., 
2009). The world recognizes the negative effects of 
agriculture on ecosystems and the environment. The 
sustained increase in crop production should be 
accompanied by the management and protection of 
ecosystems, even as crop productivity is maximized 
(FAO, 2014). The major objective of this study was to 
investigate the relationship between agricultural gross 
domestic product AGDP and major fruit output including 
apple, citrus, pears, grapes and bananas in China. Data 
were analysed by employing the ordinary least square 
(OLS) method and the augmented Dickey-Fuller (ADF) 
unit root test. The Johansen co-integration test was used 
to interpret the results, and the machine learning 
technique was used to examine and predict the future 
agricultural productivity in China. 

 
 

MAJOR FRUITS PRODUCTION IN CHINA 
 
Apple production  
 
The apple industry plays a vital role in China’s national 
economy. China accounted for nearly 30% of the world’s 
total apple output, exporting nearly 24,000 tonnes of 
apples (Yang et al., 2006a). With 2.13 million hectares 
under cultivation, China has the world’s largest apple 
production with an output of 31 billion tonnes, accounting 
for about 43% to 54% of the world’s total production. 
Major issues affecting the production of high-quality apples  
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include out-dated orchard management methods and 
models as well as major pests and other fruit trees. About 
90% of apple orchards in China use out-dated compactly 
populated systems that are inefficient and expensive 
(Sun and Liu, 2012; Yang et al., 2006b; Zhou et al., 2013). 
Rigorous modern apple cultivation methods using dwarf 
stocks and wide rows have not yet been adopted. Pest 
control is still an obstacle to improving the efficiency and 
production of apples. In apple orchards, out-dated pest 
control methods rely on chemicals, and this frequently 
leads to very high pesticide usage, genetic mutations and 
insecticide resistance that cause serious ecological 
problems (Zhai et al., 2007; Chen et al., 2010). 

Fruit trees are rich in flowers, and fruit ripening cannot 
be supported. For example, only about 7% of flowers are 
essential, such as in the apple’s lucrative harvest (Untiedt 
et al., 2001). Too many flowers on a tree can reduce the 
size and quality of the fruit, deplete the tree’s reserves 
and reduce its cold resistance (Dennis et al., 2000). The 
relationship between the plant and reproductive growth is 
key for ensuring good quality and high yields 
(Solomakhin et al., 2010; Janoudi and Flore, 2005). 
Thinning is accomplished by removing certain flowers or 
fruits from chemicals, manually, mechanically and by a 
combination of mechanical and chemical methods 
(Seehuber et al., 2011).  

In the previous decade, apple production gradually 
increased, but growth is likely to be modest as less land 
becomes available for apple production. In 2014, the 
export of apples dropped nearly 20% as domestic prices 
reached a record high. The production of apples from 
1980 to 2015 is shown in Figure 1 in tens of thousands of 
tonnes.  
 
 
Citrus production  
 
In the global market, citrus is the most popular and 
delicious fruit. In the early 1960s, the global production of 
citrus was 16 million tons. By 2012, it had increased to 68 
million tons (FAO, 2012). Citrus trees tend to bloom in the 
spring; the fruit may need 6–8 months to mature (Steduto 
et al., 2012; Qin et al., 2016). The other important citrus 
producing countries are the United States (Florida), Brazil 
and Spain. It is necessary to supplement any shortage of 
rainfall with irrigation (Morgan et al., 2010; Ballester et al., 
2013; Romero et al., 2009). 

Citrus has become one of China’s high-quality 
agricultural products; it is also the principal industry in 
southern rural China. Since the early 1970s, Chinese 
scientists have made scientific and technological 
progress in improving the quality of citrus products. This 
includes advances in areas such as breeding, germplasm 
utilization, pest control and fruit storage processing (Shen 
et al., 2009). China has more than 74 species of insect 
pests (Yang et al., 2004; Niu et al., 2013).  

In   2010,   production   increased   dramatically,  and  a  
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Figure 1. Apple production in China from 1980-2015. 
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Figure 2. Citrus Production in China from 1980-2015. 
 
 
 

significant number of navel oranges were planted. The 
production of citrus fruits from 1980 to 2015 is shown in 
Figure 2 in tens of thousands of tonnes.  
 
 
Pear production 
 
The sand pears of China are  cultivated  widely  in  Korea  

and Japan, and the colour of the fruit can vary from green 
or yellow to russet-brown (Teng and Tanabe, 2004). In 
recent decades, China has discovered and developed 
several varieties of red fruit (Tao et al., 2004). These red 
pearls are favoured by consumers because of their 
seductive appearance and nutritional value; however, the 
red colour is uneven because of variations in growth 
conditions  (Huang et al., 2009). The quality of the pear is  
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Figure 3. Pear production in China from 1980-2015. 

 
 
 
affected by internal and external characteristics (quality of 
taste and nutrition) (Choi et al., 2007). Pears have a high 
nutritional value with an appropriate amount of amino 
acids, sugar and raw materials such as calcium, sodium, 
potassium, magnesium and iron (Yim and Nam, 2016). 
They also have a higher dietary fiber level than most 
common fruits and vegetables and have produced 
excellent results in the treatment of constipation and 
intestinal inflammation (Silva et al., 2014). The production 
of pear fruit from 1980 to 2015 is shown in Figure 3 in 
tens of thousands of tonnes.  
 
 
Grape production  
 
Grapes are very important fruits. There are eight million 
varieties of grapes in the world (Ramezani et al., 2009). 
China is one of the main producers of grapes. The 
country grows a wide variety of grapes and is therefore 
one of the world’s richest germplasm resources. Grape 
wild relatives (GWRs) are important quality sources for 
cultivation. They have significant resistance to cold, 
drought, pests and other biological stresses. The 
breeding of grapevines has demonstrated the importance 
of wild germplasm resources for disease resistance gene 
breeding (Wan et al., 2008). In wine production, grapes 
are the main source of natural yeast. The grapevine flora 
can determine whether a wine product is beneficial or 
harmful. Thus, yeast producers have a great deal of 
information  that   is   very   important   for   helping   wine 

producers to produce high-quality wines (Chavan et al., 
2009; González et al., 2007). 

Grape growers may have significantly different breed 
selection criteria than breeders or nurseries. Previous 
studies of crops in developed and developing countries 
have shown that farmers use biological and economic 
criteria that are more complex than those of breeders. 
Farmers’ choices are also strongly influenced by other 
factors in the agricultural supply chain, such as 
agrichemical and extension services (Mulatu et al., 2002; 
Vanloqueren et al., 2008; Macholdt and Honermeier, 
2016). 
As a grower of grapes, China is now a large producer of 
red grape wine, in particular. In 2015, table grape 
production was 9.7 million tonnes, which was greater 
than that of the previous year, and the acreage of 
vineyards is expected to increase by 5%. The production 
of grapes from 1980 to 2015 is shown in Figure 4 in tens 
of thousands of tonnes.  
 
 
Banana production 
 
Bananas are considered the fourth largest crop in the 
world after rice, wheat and corn. They account for about 
15% of the world’s total fruit production. Bananas play an 
essential role in food security in developing countries. 
Cavendish, the most traded bananas, have accounted for 
half of the world’s banana production (FAO, 2006; FAO, 
2015).  Bananas  (Musa  parasdisiac),  of  the  Musaceae  
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Figure 4. Grapes production in China from 1980-2015. 

 
 
 
and Musa families, are perennial herbs that are widely 
distributed in tropical and subtropical regions (Pelissari et 
al., 2012). It is estimated that about 20–25% (10–15 
million tons) of bananas are rejected each year because 
they do not meet quality standards and are not suitable 
for retail sales (Pillay and Tenkouano, 2011). From an 
economic perspective, banana production is the fifth most 
important crop in the world trade after coffee, grain, sugar 
and cocoa. Bananas are cultivated in more than 130 
countries. India, China, the Philippines and Brazil are the 
main producers (Singh et al., 2016). Brazil is ranked 
fourth in the world in terms of banana production (FAO, 
2013). 

Banana intensive farming produces many types of 
organic residues, such as pseudo-stems, peduncle, bulbs, 
leaf sheaths and shafts. These account for about 70% of 
the total weight of the plant. These residues tend to 
accumulate in large roadside piles. The fermentation from 
these bananas contributes to greenhouse gas emissions, 
volatile organic compounds and feasts for pathogens and 
mosquitoes (Awedem et al., 2016). Some of these 
residues are composed mainly of cellulose and lignin, 
which are difficult to reduce with the usual windrow 
composting (Chanakya and Sreesha, 2012; Kamdem et 
al., 2015).  

According to the Food and Agricultural Organization of 
the United Nations (FAO) estimates, 413,000 hectares of 
land was used for the cultivation of bananas, with a total 
production of about 9.85 million tonnes (FAO, 2010). The 
production of bananas from 1980 to 2015 is shown in 
Figure 5 in tens of thousands of tonnes.  

MATERIALS AND METHODS 
 
Time series data from 1980 to 2015 were used to determine the 
relationship between AGDP and production outputs for major fruits, 
including apples, bananas, citrus, grapes and pears. The data were 
taken from the Ministry of Agriculture (MOA) of China and the China 
Bureau of Statistics. In the current study, the variables were AGDP 
(in million RMB), production output of apples (in 0000 tonnes), 
output of bananas (in 0000 tonnes), output of citrus (in 0000 
tonnes), output of grapes (in 0000 tonnes) and output of pears (in 
0000 tonnes). 
 
 
Econometric model  
 
The following model was created for checking the relationship 
between agricultural gross domestic product (AGDP) and the 
outputs of major fruits: 
 

                                                 (1) 
 

Where, Y =AGDP, X1 = OPAPPLES, X2 = OPBANANA, X3 = 
OPCITRUS, X4 = OPGRAPES, X5 = OPPEARS 
Equation (1) can also be written as:  
AGDP = f (OPAPPLES, OPBANANA, OPCITRUS, OPGRAPES, 
OPPEARS)                                                                                      (2) 
 
The log-linear stipulations of the variables have been used and the 
following equation has been estimated (Equation 3); 
 

                                                                                                         (3) 
 

Where, AGDP  indicates  the  agricultural  GDP in million RMB, β0 =  

Y = f (X1, X2, X3, X4, X5)                                      

ln (AGDP) = β0+ β1 ln (OPAPPLES) + β2 ln (OPBANANA) + β3 ln (OPCITRUS) + β4 ln (OPGRAPES) 

+ β5 ln (OPPEARS) +μ                                                            
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Figure 5. Banana production in China from 1980-2015. 

 
 
 
Natural logarithm of A, the Intercept; ln (OPAPPLES) indicates the 
natural logarithm of output of apples (in 0000 tonnes); ln 
(OPBANANA)  indicates the natural logarithm of output of bananas 
(in 0000 tonnes); ln (OPCITRUS) indicates the natural logarithm of 
output of citrus fruit (in 0000 tonnes); ln (OPGRAPES) indicates the 
natural logarithm of  output of grapes (in 0000 tonnes); ln 
(OPPEARS) indicates the natural logarithm of output of pears (in 
0000 tonnes); and μ is the error term. 
 
 
Ordinary least squares method 
 
The ordinary least squares (OLS) method results demonstrated the 
model’s predictive ability and provided the parameters for the short-
run relationship. The Johansen co-integration test was used to 
check the long-run relationship between the AGDP and the 
production output of the major fruits.   
 
 
RESULTS AND DISCUSSION  
 
Results of ADF unit root test  
 
To check the stationarity of each variable, the augmented 
Dickey-Fuller (ADF) unit root test was used. The 
modelled results and statistics of the ADF test are 
presented in Table 1.  
 
 

Co-integration test results 
 

The Johansen co-integration tests based on trace 
statistics and the Max-Eigenvalue are presented in Tables 
2 and 3. The  co-integration  test  presence  showed  that 

the dependent and independent variables have a long-
run equilibrium relationship. The trace statistic and the 
Max-Eigenvalue statistic revealed one (1) co-integrating 
equation at the 5% level.  
 
 
Results of regression  
 
Table 4 presents the results of the regression analysis. 
The value of R-squared was 0.995, and the adjusted R-
squared was 0.994. The F-statistic computed value was 
1348.737 with a p-value of 0.000000. This demonstrates 
the model’s overall goodness of fit. 

The result of the regression analysis, as seen in Table 
4, demonstrates that the coefficient of the output of the 
apple fruit has a positive relationship with the AGDP. The 
results also show that the output of citrus, grapes and 
pears have coefficients that demonstrate a positive 
relationship with the AGDP, but statistically these are 
insignificant. A 1% rise in the output of apples, citrus 
fruits, grapes and pears causes the AGDP to increase by 
0.153, 0.736, 0.153 and 0.781%. The output of apples, 
citrus fruits, grapes and pears shows a positive 
relationship with the AGDP, but this is not statistically 
significant. Moreover, the coefficient of the output of 
bananas is not significant at the 1% and 5% levels of 
significance. In addition, there was a negative relationship 
between the AGDP and the output of bananas. This 
means that a 1% rise in the output of bananas leads to a 
decrease of 0.203806% in AGDP. This negative result 
was not expected.  The  major  reasons  for  this  negative  
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Table 1. ADF unit root test including (Trend and Intercept).  
 

Variables 
At level First  difference 

t-Statistic Critical values t-Statistic Critical values 

LnAGDP 
-0.863039 

(0.9478) 

1% -4.284580 

5% -3.562882 

10%-3.215267 

-3.684241** 

(0.0387) 

1% -4.284580 

5% -3.562882 

10% -3.215267 

LnOPAPPLE 
-1.949731 

(0.6075) 

1% -4.243644 

5% -3.544284 

10%-3.204699 

-4.084942** 

(0.0150) 

1% -4.252879 

5% -3.548490 

10% -3.207094 

LnOPBANANA 
-2.530090 

(0.3127) 

1% -4.252879 

5% -3.548490 

10%-3.207094 

-5.180023* 

(0.0010) 

1% -4.262735 

5% -3.552973 

10% -3.209642 

LnOPCITRUS 
-3.040990 

(0.1369) 

1% -4.262735 

5% -3.552973 

10%-3.209642 

-4.056770** 

(0.0166) 

1% -4.273277 

5% -3.557759 

10% -3.212361 

LnOPGRAPES 
-2.250207 

(0.4483) 

1% -4.252879 

5% -3.548490 

10%-3.207094 

-3.988111** 

(0.0188) 

1% -4.252879 

5% -3.548490 

10% -3.207094 

LnOPPEARS 
-1.677385 

(0.7394) 

1% -4.252879 

5% -3.548490 

10%-3.207094 

-4.750955* 

(0.0046) 

1% -4.394309 

5% -3.612199 

10% -3.243079 
 

* and ** show the 1%, and 5% levels of significance. 

 
 
 

Table 2. Johansen Co-integration test using trace statistic. 
  

Lags interval: 1 to 1 

Eigenvalue Trace Statistic 5 Percent Critical Value Prob.** Hypothesized no. of co-integration equations 

0.867122 158.3669 95.75366 0.0000 None * 

0.684966 89.74380 69.81889 0.0006 At most 1 * 

0.506617 50.47128 47.85613 0.0278 At most 2 

0.380478 26.45134 29.79707 0.1158 At most 3 

0.157600 10.17190 15.49471 0.2677 At most 4 

0.119859 4.340904 3.841466 0.0372 At most 5 * 
 

*Denotes rejection of the hypothesis is at the 0.05 level; ** Indicates values are accurate. The trace test indicates 2 co-integrating 
equations at the 0.05 level of significance. 

 
 
 

Table 3. Johansen co-integration test using the Max-Eigenvalue Statistic. 
 

Lags interval: 1 to 1 

Eigenvalue Max-Eigen Statistic 5 Percent Critical Value Prob.** Hypothesized no. of co-integration equations 

0.867122 68.62310 40.07757 0.0000 None * 

0.684966 39.27252 33.87687 0.0103 At most 1 * 

0.506617 24.01993 27.58434 0.1340 At most 2 

0.380478 16.27944 21.13162 0.2090 At most 3 

0.157600 5.830997 14.26460 0.6350 At most 4 

0.119859 4.340904 3.841466 0.0372 At most 5 * 
 

*Denotes rejection of the hypothesis is at the 0.05 level of significance. ** Indicates values are accurate.The max-eigenvalue test indicates 2 
co-integrating equations at the 0.05 level of significance. 



Rehman et al.          2141 
 
 
 

Table 4. Regression analysis. 
 

Dependent Variable: ln(AGDP) 

Method: Least Squares 

Sample: 1980-2015. Included observations: 36 

Explanatory Variables Coefficient Std. Error t-Statistic Prob. 

C -1.859912 0.670983 -2.771922 0.0095 

Ln(OPAPPLE) 0.153336 0.078039 1.964872 0.0587 

Ln(OPBANANA) -0.203806 0.076376 -2.668452 0.0122 

Ln(OPCITRUS) 0.736342 0.132981 5.537205 0.0000 

Ln(OPGRAPES) 0.153436 0.196923 0.779168 0.4420 

Ln(OPPEARS) 0.781842 0.165828 4.714776 0.0001 

R-squared                          0.995571        Adjusted R-squared                               0.994833 

F-statistic                            1348.737      (F-statistic)                                             0.000000 

Durbin-Watson statistic       1.297530 
 
 
 

relationship are probably variations in climatic conditions 
and operating costs. 
 
 
Prediction of major Chinese agricultural fruits 
 
In the prediction of major Chinese agricultural fruits 
production, linear regression was used among the study 
variables. Statistical classification was used to interpret 
the results (Figure 6). Time series data was used in this 
analysis, and it was collected from the Economic Survey 
of Pakistan. The model for linear regression is specified 
as:    
 

                                                                                       (4) 
  

In Equation 4;        Indicates the inner product among 
the vectors xi and β and 

T 
is the transpose.  

Thus, the form of vector is =               (5) 
 
The confidence interval of E (y|  ) and the average of 
expected value of y for a specific given   : 
 

            (6) 
 

In the Equation 6; Sy shows the standard deviation of the 
residuals, intended as and Sx is known as residual 
standard error in R regression output. 
 

                                (7) 
 
The  proposed   model    consists   of    m   vectors   in   a   

dimensional feature space. In the feature space x points, 
which project it on m and convert it into z real number, 
the range of the real number is −∞ to +∞. 
 

        (8) 
 
Through a confusion matrix, accuracy can be calculated 
as: 
 

 
 
Where, TP indicates True Positive, TN indicates True  
Negative, FP indicates False Positive and FN indicate 
False Negative. The design of algorithm is stated below; 
 
Algorithm 1:  
Agriculture Fruit Production Prediction 
Input: A set of fruit data X 
Output: Fruit data X future Prediction P 
 

Algorithm  
Step 1: Take matrix M of last one year of data, data size 
1×6 
Step 2: Take matrix P of forty years pervious data, data 
size 35×6 
Step 3: Make sliding window of window size 1×6 for each 
matrix P as W1, W2…W35 
Step 4: Compute Euclidean distance of sliding window D1, 
D2, D3…. D35 
Step 5: Select matrix W i as 
o Wi = corresponding matrix (min Di) 
o           
Step 6: For I=1 to n 

 For the computer, the moving average of matrix 
D as Q 

 For   the  computer,  the central  moving  average  

𝑌 =  01 +  𝑝  1 + ⋯ +  𝑝  𝑝 =   𝑇    + ɛ  ,   = 1 …𝑛                          

Y = X   + ɛ  

𝑍 = 𝐶 + 𝑚.  = 𝐶 + 𝑚1 1 + 𝑚2 2 + ⋯ + 𝑚𝑑 𝑑……………………..( 

 

𝐴𝑐𝑐𝑢𝑟𝑐𝑦 =
 TP + (TN)

 TP +  FP +  FN + (TN)
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Figure 6. Prediction of major Chinese fruits production. 
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Table 5. Predicted fruits data and results. 
 

Data Sets 
Predicted 

data 

Current 
Production, Tones 

(10,000) 

Predicted  
Production, 

Tones (10,000) 

Accuracy (%) 

Fruits data of China 1980-2015 1980-2030 27074.5 37318.57 51.26±1 

Apples data of China 1980-2015 1980-2030 4131.4 5998.153 50.93±1 

Citrus data of China 1980-2015 1980-2030 3556.3 4897.801 45.9±1 

Pears data of China 1980-2015 1980-2030 1798 2583.496 46.22±1 

Grapes data of China 1980-2015 1980-2030 1353.6 1635.323 50.18±1 

Bananas data of China 1980-2015 1980-2030 1150.4 1700.69 48.02±1 

Average  Nil 39064.2 54074.033 48.7516±1 

 
 
 
matrix Q as R 

 Mean 1 = mean of Q 

 Mean 2 = mean of R 

 Prediction P = (Mean1+Mean2 ) / 2 

 Add F to pervious data for getting forecasting  
Step 7: End  
 

Table 5 shows the predicted production of major 
Chinese fruits up to 2030. 
 
 
Conclusion and Recommendations 
 
The agriculture sector has made a rich contribution to the 
Chinese economy. To check the actual performance 
between the dependent and the independent variables, 
time series data from 1980 to 2015 were used. The data 
were collected from the Ministry of Agriculture (MOA) 
China, China Bureau of Statistics and various 
publications. The augmented Dickey-Fuller unit root test 
and the ordinary least squares method were used to 
analyse the data. The results were interpreted using the 
Johansen co-integration test. The machine learning 
technique was used to examine and to predict future 
agricultural productivity in China. The results of the study 
show that the coefficient of the output of the apple fruit 
has a positive relationship with the AGDP. The results 
also show that the output of citrus, grapes and pears has 
coefficients that demonstrate a positive relationship with 
the AGDP, but it is statistically insignificant. The banana 
fruit output has a negative, but not significant, relationship 
with China’s AGDP. The negative relationship is probably 
the result of operating costs fluctuations and bad climatic 
conditions. This negative result was not expected.  

The population of China continues to grow; thus, 
increases in the fruit production are essential. It is the 
responsibility of the government to provide resources to 
farmers to increase fruit production. To this end, it is 
necessary for the Government of China to initiate new 
programmes and methods of financial support. China 
also should adopt new policies in the coming decade to 
improve   and  to  increase  yield,  a  major  factor  in  fruit  

production.  
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Wheat is the 2
nd

 most important culture in the world.  Septoria leaf blotch is one of the most important 
wheat diseases. It is caused by Mycosphaerella graminicola (an: Zymoseptoria tritici). The aim of this 
study is to evaluate the presence and the importance of this disease in Algeria. A collection of 625 
isolates was made through the years (2010, 2011, and 2013). Isolates were collected from the Algerian 
zones of cereal production. Phenotypic and genetic characterization via morphological, cultural and 
pathogenic analysis showed the presence of Septoria leaf blotch in 72 fields (from 122) in 20 
departments (counties). In some fields the disease is highly frequent with an index of 99 according to 
double digit scale. Two main types of isolates were found; but the yeast-like form dominated with 
94.08%. 26 isolates sampled from 25 fields were tested to evaluate isolates aggressiveness variability. 
Only 2 isolates from 26 inoculated were able to produce symptoms on three cereal species (triticale, 
durum and bread wheat).  
 
Key words: Zymoseptoria tritici, diversity, prevalence, virulence, wheat. 

 
 
INTRODUCTION  
 
Wheat is the one of the most important crops worldwide. 
The Septoria leaf blotch (SLB) is one of the most 
devastating diseases of this culture (Fones and Gurr, 
2015). It is caused by Mycosphaerella graminicola 
(Fuckel) J. Schröt., in Cohn (anamorph Zymoseptoria 
tritici (Desm.) Quaedvlieg and Crous) (Quaedvlieg et al., 
2011). It is a heterothallic pathogen of Dothideomycetes 
class. Serious epidemics can reduce the yields on wheat 
from 35  to  50%  in  particular  in  Mediterranean  regions 

(Ponomarenko et al., 2011). 
In the northern half of Africa, the SLB is considered a 

serious threat on wheat; in Algeria it is widely present in 
all the northern region of the country (Sayoud et al., 
1999; Zahri et al., 2013; Berraies, 2014; Teferi and 
Gebreslassie, 2015). Fungicides are widely used in 
intensive production systems. However, better yields are 
easily achieved by the combination of adequate cultural 
practices and the use of  resistant varieties in the disease 
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(Eyal, 1999). But the specificity of the M. graminicola–
wheat pathosystem, frequently observed, can interfere 
with the use of resistant varieties (Saadaoui, 1987; Kema 
et al., 1996; Kema and van Silfhout, 1997; Kema et al., 
2000; Brading et al., 2002; Grieger et al., 2005; Ware, 
2006; Ronny et al., 2014). Several hypotheses were 
emitted on the gene for gene interaction between Z. tritici 
and wheat (Kema et al., 2000; Brading et al., 2002; 
Goodwin, 2007). Until now 18 Stb identified genes confer 
the resistance of cultivars to the pathogen (Arraiano et 
al., 2007; Goodwin, 2007; Chartrain et al., 2009; Tabib 
Ghaffary et al., 2011). 

Recently, Allioui et al. (2014) and Ayad et al. (2014) 
demonstrated that both idiomorphs (MAT1-1 and MAT1-
2) exist in Algeria and were scored at similar frequencies. 
Teleomorph has been identified in Algeria for the first 
time by Harrat et al. (2017). Other research works were 
made concerning the virulence, parasitic specialization 
and the heritability of wheat resistance to Z. tritici (Kema 
et al., 1996; Benkorteby, 2004; Allioui et al., 2014; Ayad 
et al. 2014). Of this fact, a preliminary knowledge of this 
disease, its distribution and diversity by a cultural and 
pathogenic characterization are essential to establish an 
adequate control approach of SLB. The objectives of the 
present study were to evaluate disease distribution and 
its importance in various cereal regions in Algeria, to 
realize cultural characterization and evaluate Z. tritici 
isolates aggressiveness, obtained from the Eastern 
regions of country, through a set of varieties constituted 
by wheat and triticale cultivated in Algeria. 
 
 
MATERIALS AND METHODS  

 
Study areas  

 
Prospecting was realized during April–May of the years 2010, 2011 
and 2013 in various wheat-producing areas of the country (Figure 
1). In 2010, the survey took place on the West of the country and 
some localities of Eastern regions. In 2011, they were generalized 
in the Central region and some localities of the Western region. In 
2013 the survey was particularly dedicated to the Eastern region. 
Surveys were realized between blooming and maturity stage of the 
wheat. The sampling was regularly made all 15 to 20 km through 
the cereal-producing regions. For every wheat field, the inspection 
was made according to the X-shaped method of Campbell and 
Madden (1990). 

 
 
Diagnostic and disease assessment in the field 
 

Diagnosis of the disease on wheat is based on the observation of 
the typical symptom caused by Z. tritici. The SLB was identified by 
lengthened necrosis and bounded by the nervures (Sayoud et al., 
1999; Duncan and Howard, 2000). Necrosis is very often 
lengthened, strewed with many pycnidia (Rapilly et al., 1971). 
Where disease symptoms are detected, an assessment was 
realized on 10 plants according to double digit scale (00-99) 
described by Eyal et al. (1987); the first digit represents the vertical 
progress of the disease according to the scale 0-9 of Saari and 
Prescott (Eyal et al., 1987); the second digit indicates the severity 
of   the   disease   according    to  the  scale  0-9  which  every  digit  
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corresponds to a percentage of foliar surfaces covered by the 
disease. 
 
 
Morphological and cultural study in vitro 
 
In laboratory, the diagnosis of the disease and the isolation of 
pathogen were realized from small fragments of limbs presenting 
characteristic pycnidia according to Eyal et al. (1987). The 
isolations were made only on 25 fields, from the year 2013, in East 
region of country (Annaba [01 field], Sétif [03 field], Constantine [18 
field] and Mila [03 field]) (Table 1). Five infected leaves were 
randomly sampled from every field. From a lesion, five isolates 
were randomly retained after isolation (a lesion by leaf). In all, 625 
isolates were retained for the morphologic and cultural 
characterizations; among them, 26 isolates were tested for the 
pathogenic characterization (Table 1). Morphological 
characterization of the Z. tritici isolates was realized according to 
tint scale described by Siah et al. (2008). 
 
 
Evaluation of isolates aggressiveness variability 
 
Pathogenicity test was led under greenhouse according to a plan in 
split plot with three repetitions. 26 isolates sampled from 25 fields 
(Table 2) were tested on a differential range of 16 varieties (five 
Bread wheat [Ain Abid, Arz, Anapo, Anforeta and HD1220], ten 
Durum wheat [Boussalem, Cirta, Colosseo, Cote, GTA-Dur, Ofanto, 
Simeto, Vitron, Waha et Wahebi] and one Triticale [Juanillo]) 
approved in Algeria. 

Inoculum was prepared from 7 days old Z. tritici cultured in 18°C 
on YMA medium. The conidial suspension was adjusted to 108 
spore ml-1, adding to it a droplet of Tween 20. The inoculation was 
executed by pulverizing the conidial suspension at seedling stage 
(3 leaves) and the humidity was maintained during 48 h according 
to the modified method described by Zuckerman et al. (1997). After  
21 days, the number of infected leaves (NIL) was estimated on the 
first three leaves and the percentage of Z. tritici pycnidial covering 
(%PC) was estimated according to the scale described by Ziv and 
Eyal (1978). Statistical analyses were made by variance analysis 
(ANOVA) and hierarchical classification in dendrogram. 

 
 
RESULTS AND DISCUSSION 
 
Prevalence of septoria leaf blotch in Algeria 
 
Characteristic symptoms of SLB observed on fields were 
necrosis more or less lengthened, which can cover, in 
certain cases, the majority of the foliar surface and 
strewed with pycnidia, the percentage of covering was 
variable. During the 2010 campaign, 12 fields from 18 
(66.67%) presented typical symptoms of the SLB. For 
2011 and 2013 campaigns, in the 104 prospected fields, 
the disease was present in 60 fields (57.67%). On a total 
of 122 prospected fields, during three years, 72 fields 
present the SLB disease (Table 2 and Figure 1), where 
59% of the prospected fields were infected. The SLB is 
present in the majority of wheat-producing areas. 

It is admitted that the development of SLB diseases is 
bound to weather conditions, particularly, humidity and 
temperature. Disease severity in sub-humid regions was 
particularly observed. In the counties of Algiers, Annaba 
and Blida the severity of  the  disease  reached 98 and 99   
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Figure 1. Wheat-producing areas. 
Source: Algerian Ministry of Agriculture, Rural Development and Fisheries. 

 
 
 

Table 1. Provenance of Zymoseptoria tritici isolates. 
 

Isolate code Wilayats of provenance Source isolate host 

St1 Constantine  Durum wheat  (GTA-Dur) 

St2 Constantine Bred wheat (HD1220) 

St3 Constantine Durum wheat(Vitron)  

St4 Constantine Durum wheat 

St5 Constantine Durum wheat 

St6 Constantine Bred wheat 

St7 Constantine Durum wheat (Cirta)  

St8 Mila  Bred wheat 

St9 Mila  Durum wheat (GTA-Dur) 

St10 Sétif Durum wheat 

St11 Constantine Durum wheat (Gta-Dur) 

St12 Sétif Durum wheat 

St13 Constantine  Durum wheat (Cirta)  

St14 Mila  Durum wheat 

St15 Sétif Durum wheat 

St16 Mila  Bred wheat (Arz) 

St17 Mila  Durum wheat 

St18  Constantine  Bred wheat 

St19 Mila Durum wheat 

St20 Mila Durum wheat 

St21 Constantine Bred wheat (HD1220) 

St22 Constantine Durum wheat (Gta-Dur) 

St23 Constantine  Bred wheat 

St24 Constantine  Bred wheat 

St25 Constantine Bred wheat 

St26 Annaba  Durum wheat (Gta-Dur) 
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Table 2. Prevalence and severity of septoria leaf blotch of wheat in Algeria. 
 

Bioclimatic 
stage 

Wilayats 
Prospected 

fields between 
2010-2013 

Infected fields with 
Zymoseptoria tritici 

Double digit 00-99 (vertical 
progression and disease 

severity) 

Humid Skikda 1 1 98 

Sub-humid 

Ain Defla 4 3 33 - 55 

Alger 6 5 53 - 99 

Annaba 1 1 98 

Blida 4 2 31 - 98 

Boumerdès 8 5 51 - 75 

Guelma 1 1 75 

Mila 14 7 75 

Tipaza 4 1 31 

Tizi-Ouzou 2 2 31 

Sub - Total 1  44 27/44 (61%) - 

Semi-arid 

Ain Témouchent 6 4 53 - 98 

Bouira 6 2 11 - 31 

Chlef 4 2 31 - 73 

Constantine 30 22 75 

Mascara 5 1 11 

Rélizane 3 2 53 

Saida 2 1 11 

Sétif 10 3 51 - 53 

Tiaret 9 6 75 - 98 

Tlemcen 2 1 51 

Sub – Total 2  77 44/77 (57%) - 

Totals  122 fields 72/122 fields - 

 
 
 
according to "double digit" scale because of climatic 
conditions (according to data from ONM). For example, 
during 2010 the annual pluviometry in Annaba was 596 
mm, and that for the first four months was 237 mm, which 
represent period for the disease development. 

The year 2011 was characterized by a sum of 673 mm 
pluviometry in Algiers, 314 mm registered during the first 
four months (ONM source) and the average temperatures 
between 17 and 20°C; the meteorological conditions 
were favorable for the dissemination of SLB. However, 
we also noticed that in some Wilayate of the semi-arid 
regions, particularly, Constantine and Tiaret, where an 
important severity of the disease was observed. It can be 
explained by the special agricultural features of Algeria, 
where the cereals cultivation is in intense monoculture 
system in semi-arid regions rather than diversified as 
cultivated in the sub-humid regions. 

In the regions where the drought caused damage 
during the 2011 campaign, the disease was observed 
only on the first leaves. Indeed, the results indicate that 
the severity of the disease does not exceed 11 according 
to the "double digit" scale. It was the case of Saïda and 
Mascara where the sum of precipitation of the first four 
months did not exceed 130 mm (ONM source). According 
to Danon et al. (1982) and Cowger et al. (2000), the  SLB 

engenders major losses of yields, in particular, when the 
spring rains persist, after the emergence of the flag leaf. 
These losses vary with weather conditions, cultivated 
varieties and precocity of attacks (Devale et al., 2000). 
 
 
Morphologic and cultural characterizations 
 
Phenotypic observations, of colonies stemming, from 
isolates of Z. tritici of 10 days on solid YMA (Yeast Malt 
Agar) medium show a big diversity of texture and color. 
The isolates of pinkish color have a creamy texture 
(Yeast Like), which can cover completely the culture 
medium or in the form of colonies which follow the lines 
of sowing. The isolates of dark color are solid and 
compact. It is noticed that the pink color is the most 
dominant (darkened 42.88%, clear 24.16% and very clear 
27.04%), whereas the dark brown occupied 5.92% group 
cultures. These results corresponding  to those of 
Bentata et al. (2011) and Ayad et al. (2014) which 
realized a cultural characterization of the Moroccan and 
Algerian isolates of Z. tritici; also, those of Siah et al. 
(2008) on the distribution of “mating type” according to 
the colonies phenotype. According to Quaedvlieg et al., 
(2011) variants of Z. tritici can appear on culture medium. 
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Table 3. Classification in homogeneous groups of the 26 studied isolates of Z. tritici according 
to their aggressiveness. 
  

Z. tritici isolate  NIL %PC 

ST1 0.03
cde 

1.87
f 

ST2 0.11
cde

 8.75
bcdef 

ST3 0.02
de 

4.37
def 

ST4 0.27
abc

 21.25
ab 

ST5 0.10
cde 

5.93
cdef 

ST6 0.22
abcde

 10.62
abcdef 

ST7 0.27
abc

 17.50
abcd 

ST8 0.02
de 

0.31
f 

ST9 0.39
a 

16.87
abcde 

ST10 0.01
e 

1.25
f 

ST11 0.26
abcd 

10.62
abcdef

 

ST12 0.00
e 

0.00
f 

ST13 0.04
cde 

1.56
f 

ST14 0.06
cde 

8.75
bcdef

 

ST15 0.02
de 

2.50
f 

ST16 0.02
de 

3.43
ef 

ST17 0.37
ab 

22.5
a 

ST18 0.04
cde

 3.12
f 

ST19 0.22
abcde 

18.43
abc 

ST20 0.13
bcde 

9.37
abcdef 

ST21 0.41
a 

21.25
ab

 

ST22 0.13
bcde

 11.87
abcdef 

ST23 0.02
de 

4.37
def

 

ST24 0.01
e 

1.25
f 

ST25 0.01
e 

1.25
f 

ST26 0.03
cde

 3.75
ef 

 

NIL: Number of infected leaves; PC%: Pycnidial covering. Letters in superscript represent 
statistically different homogeneous groups. 

 
 
 
Isolates aggressiveness and evaluation of the 
varietal assessment 
 
Variance analysis of the infected leaves number (NIL) 
and of the pycnidial coverage percentage (%PC) of the 
26 isolates tested on the differential set varieties shows a 
very highly significant difference for both parameters 
(Table 3). Five pathotypes were distinguished for NIL 
parameter. The most virulent isolates, according to this 
parameter, were ST9, ST17 and ST21. For the %PC, six 
pathotypes were detected. The most virulent isolates, 
according to this parameter, were ST4, ST17 and ST21 
(Figure 2). We noticed that the area from where the 
isolates are sampled did not influence systematically the 
level of aggressiveness. Both isolates ST19 and ST20 
arise from the same field and have a different behavior 
towards the studied wheat and triticale varieties. 
However, isolates ST17 and ST21 were obtained from 
two different fields and belong to the same pathotype. 
From 26, 10 isolates showed a physiological specificity 
for the Bread wheat or the  Durum  wheat,  only  ST9 and 

ST20 presented symptoms on three studied host species. 
Statistical study of the 16 host varieties (Durum wheat, 

Bread wheat and Triticale) comportment (resistance or 
sensibility) towards the range of isolates showed a very 
highly significant difference. Four homogeneous groups 
for both parameters ILN and %PC are observed. The 
most sensitive varieties were HD1220 and Waha, 
whereas, the most resistant varieties, with no symptom 
were Ain Abid, Colosseo and Simeto (Figure 2; Table 4). 
A qualitative variation of M. graminicola virulence was 
indicated in certain studies (Eyal et al., 1973; Saadaoui, 
1987; Kema et al., 1996). Brading et al. (2002) and Kema 
et al. (2000)’s works brought the proof of gene-for-gene 
relation between wheat and M. graminicola. 

Medini and Hamza (2008) study showed that the 
Algerian isolates have more variability, with eight 
pathotypes, compared with the Tunisian and Canadian 
isolates. The strong variability of the Algerian isolates can 
be associated to the agricultural practices. Indeed, both 
wheat cultures are important, 24.3% for bread wheat 
and75.7% for durum wheat according to statistical data of  
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Figure 2. Hierarchical classification (Euclidean Distance). 
1: Isolates × Infected Leaves Number per plant; 2: Isolates × Pycnidial Coverage Percentage 
3: Varieties × Infected Leaves Number per plant; 4: Varieties × Pycnidial Coverage Percentage. 

 
 
 
Ministry of Agriculture, Rural Development and Fisheries. 
Consequently, M. graminicolais is exposed to wide 
genotype groups having various sources of resistance 
genes. Kema et al. (1996) suggest the existence of two 
variants of M. graminicola, one adapted to the durum 
wheat and the other one to the bread wheat. The 
hypothesis of specificity existence in the pathosystem 
wheat – M. graminicola was emitted since the first report 
indicating a physiological specialization (Eyal et al., 
1973). 

According to several authors, the isolates of Z. tritici 
obtained from tetraploids wheat show a bigger virulence 
on wheat whether it was tetraploids or hexaploids (Kema 
et al., 1996; Van Ginkel and Scharen, 1988). It was the 
case of the ST21 of our study. Nevertheless, among the 
most virulent isolates of the tested range (ST17, ST9 and 
ST4) were obtained from durum wheat. Shaner and 
Finney (1982) identified the varietal resistance with Z. 
tritici. More than 12  main  genes  conferring  to  the  host 

high levels of resistance were identified. Most of them 
were mapped in wheat genome specific regions 
(McCartney et al., 2002; Adhikari et al., 2004; Chartrain 
et al., 2005; Arraiano et al., 2007). 
 
 
CONCLUSION 
 
Wheat septoria leaf blotch caused by M. graminicola is a 
disease, present in all the country cereal zones, of both 
cultivated wheat species (Durum wheat and Bread 
wheat). According to the importance of attacks, this 
disease can engender considerable yield losses, in 
particular, when weather conditions were favorable for 
pathogen development. Severity of the SLB was more 
significant on the regions where weather conditions were 
favorable and the monoculture was widely practiced. 
Results indicate a big phenotypic variability of the 
obtained colonies. The  26 tested isolates, of East Algeria  
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Table 3. Classification in homogeneous groups of the 26 studied isolates of Z. tritici according 
to their aggressiveness. 
 

Z. tritici isolate  NIL %PC 

ST1 0.03
cde 

1.87
f 

ST2 0.11
cde

 8.75
bcdef 

ST3 0.02
de 

4.37
def 

ST4 0.27
abc

 21.25
ab 

ST5 0.10
cde 

5.93
cdef 

ST6 0.22
abcde

 10.62
abcdef 

ST7 0.27
abc

 17.50
abcd 

ST8 0.02
de 

0.31
f 

ST9 0.39
a 

16.87
abcde 

ST10 0.01
e 

1.25
f 

ST11 0.26
abcd 

10.62
abcdef

 

ST12 0.00
e 

0.00
f 

ST13 0.04
cde 

1.56
f 

ST14 0.06
cde 

8.75
bcdef

 

ST15 0.02
de 

2.50
f 

ST16 0.02
de 

3.43
ef 

ST17 0.37
ab 

22.5
a 

ST18 0.04
cde

 3.12
f 

ST19 0.22
abcde 

18.43
abc 

ST20 0.13
bcde 

9.37
abcdef 

ST21 0.41
a 

21.25
ab

 

ST22 0.13
bcde

 11.87
abcdef 

ST23 0.02
de 

4.37
def

 

ST24 0.01
e 

1.25
f 

ST25 0.01
e 

1.25
f 

ST26 0.03
cde

 3.75
ef 

 

NIL: Number of infected leaves; PC%: Pycnidial covering. Letters in superscript represent 
statistically different homogeneous groups. 

 
 
 
wheat-producing region, show a big variability towards 
the studied wheat and triticale varieties. Five pathotypes 
were distinguished for the infected leaves number 
parameter and six pathotypes for pycnidial coverage 
parameter. Some isolates have physiological speciali-
zation towards hosts. It would be interesting to include 
the varieties, which have proved resistant characters to 
this disease, in future wheat improvement program. For a 
better knowledge of pathogen, it would be useful to study 
more isolates by molecular markers. 
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Tree planted fallow is an agroforestry system that may restore degraded soils and protect them from 
erosion. In this study, sandy soils properties of Acacia senegal planted fallows (AF) were assessed and 
compared to those from the continuous cropped system (CC) in 3 sites from Northern Cameroon in 
order to determine its suitability to restore soil fertility and sustain crop productivity. Soil samples were 
collected from the topsoil (0 to 20 cm) and the subsoil (20 to 40 cm) and subjected to physicochemical 
analyses. The trials were established for 2 consecutive years, respectively with sorghum (Sorghum 
bicolor) and cowpea (Vigna unguiculata). Results confirmed the sandy (more than 80% of sand) and 
acidic (4.42 ≤ pH ≤ 6.59) soil characters. In every site, topsoil from AF was relatively more fertile than 
from CC. Globally, nutrients content were influenced by tree density and fallow duration. The more 
improved elements were organic matter, nitrogen and pH. Sorghum and cowpea yields were quite 
variable depending on fallow duration, tree density and conversion form. The highest crop yields (3.4 
tha

-1
 for sorghum and 2.4 tha

-1
 for cowpea) were obtained in 19 years old AF converted by partial clear-

felling. The intercropping process by partial clear-felling of trees was the best conversion form. Overall 
findings indicated that fallowing with A. senegal can reduce soil acidity, restore nutrients and therefore 
it constitutes a suitable agroforestry system that may sustain annual crops productivity. However, 
researches have to determine the best tree density for intercropping and the tools for their sustainable 
management.    
  
Key words: Acacia senegal fallow, agroforestry, sandy soils, continuous cropping, North Cameroon. 

 
 
INTRODUCTION 
 
Soils in sub-Saharan Africa are characterized by nutrients 
depletion along with time. In cultivated savannas,  natural 

fallows became unable to restore their fertility and sustain 
productivity.   Hence,  the   potential  solutions  to  restore  
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degraded soils reside in the planting of legume tree and 
the incorporation of woody perennials into cropping 
systems (Palm, 1995; El Tahir et al., 2009; Mubarak et 
al., 2011; Partey et al., 2011; Githae et al., 2013). 
Therefore, a concept of improved fallows was introduced 
and agroforestry is known as a common system of 
improved fallows observed in many parts of African 
countries (Rao et al., 1998). The almost used trees were 
Faidherbia albida, Acacia auculiformis, Acacia nilotica 
and Acacia senegal (El Tahir et al., 2009; Hadgu et al., 
2009; Partey et al., 2011; Harmand et al., 2012; Omar 
and Muhammad, 2015).   

Recent studies show how to arrange and measure of 
chlorophylls and effect of plants (Cetin, 2016). They also 
show that the plants have bioactive compounds. They 
explain how to cause inhibition of root growth, as well as 
reduced water absorption. Also, they research how on 
how to cause morphological, biochemical and 
physiological changes in plants of different species 
(Ibrahima et al., 2008; Cetin, 2016; Turkyilmaz et al., 
2018). Recent studies show that medicinal plants are an 
important source of new chemical substances with 
potential materials. They research on both physical, 
chemical and biological and found that they are very 
valuable and effective medical plants (Cetin, 2017; Yigit 
et al., 2016).  

When the recent work was being done, it affects the life 
of the city to spread the leaf of the leafy trees. Although 
the leaves can absorb CO2, environmental pollution 
comes to the forefront when they are poured. Recent 
studies demonstrate how they affect human health with 
the air quality through PM10 (coarse particles) and CO2 

(Cetin et al., 2017; Sevik et al., 2018). Several studies on 
air pollution exposure showed that the problems about 
human health are associated to fine particulate organic 
matter concentration (Cetin et al., 2017). 

Climatic factors are affected by temperature, wind, rain, 
and drought that people feel comfortable or not 
comfortable in the area because the planning and 
management are not well done. Some of these studies 
show that there is a range of bioclimatic comfort zone 
which people feel comfortable (Rao et al., 1998; Cetin, 
2015; Sevik et al., 2018). Drought evaluation is very 
important as well as climatic ranges. Drought 
assessments give people an active scenario in the city to 
protect the damaging socioeconomic and politic 
problems. Recent studies with drought stress show 
monitoring of drought stress through various tools 
(Dawson, 1996; Yigit et al., 2016; Cetin et al., 2018). 

A. senegal is a typical tree adapted to deep sandy soils 
which is widely observed in arid and semi-arid zones of 
Africa and is planted for gum arabic, wood production 
and animal nutrition (Isaac et al., 2011; Harmand et al., 
2012). An integration of this tree in agroforestry system 
as a means of restoring the soil fertility and promoting 
gum arabic production was observed and has been 
widely published (Fadl,  2010;  Palou  Madi  et  al.,  2010;  
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Kissi, 2011). It was recognized and considered as one of 
the most successful forms of natural forests management 
in tropical dry lands. Also, the traditional A. senegal 
based agroforestry was observed as sustainable in terms 
of its environmental, social and economic benefits 
(Deans et al., 1999; Nasreldin, 2004; Kissi, 2011; Isaac et 
al., 2011). 

In Northern Cameroon, between 1990 and 2006, rural 
development agencies such as Rural Development and 
Land Management (DPGT) and ESA/SODECOTON have 
encouraged smallholders to establish and manage A. 
senegal plantations (Mallet et al., 2002; Palou Madi et al., 
2010; Kissi, 2011). These established plantations were 
extended between 2007 and 2011 through Acacia gum 
project financed by the European Union (Palou Madi et 
al., 2010). The introduction of this tree in agricultural 
farms was also to restore soil fertility and diversify 
sources of income for farmers through the production of 
gum arabic (Mallet et al., 2002; Palou Madi et al., 2010; 
Kissi, 2011). So, farmers planted this tree on marginal 
soils mainly sandy red soils which has been strongly 
depleted particularly in sudano sahelian zone in order to 
restore their fertility. After 15 years, gum production was 
reduced and was not beneficial. The plantations were 
then converted by farmers to different land resources 
management. Usually, their cropping by different 
management systems such as total clear-felling of trees 
or intercropping was observed (Kissi, 2011). 

Sandy soils do not have the capacity to hold enough 
water and nutrients. The constraints to their cropping 
reside in their high permeability, their low organic matter 
content and their low fertility level which are responsible 
for water and nutrients stresses observed in crops 
(Basga and Nguetnkam, 2015). Cropping these soils 
consisted in increasing the organic matter content, 
nitrogen, nutrients levels and limits their degradation via 
erosion. Improved tree fallow is one of the possible 
approaches (Muthuri et al., 2005; Kissi, 2011). In semi-
arid sub-Saharan, planting A. senegal seemed to be 
more adapted because of its high adaptation potential to 
drought and fodder generation for animal as well as wood 
and gum arabic (Nasreldin, 2004; Palou Madi et al., 
2010; Abib et al., 2013). It can also stabilize sandy soils 
and restore their fertility, protecting them from erosion 
(Mallet et al., 2002; Harmand et al., 2012). 

The effect of A. senegal tree on sandy soil fertility has 
been widely published all over the world mainly in arid 
environment such as Sudan, Ethiopia and Kenya 
(Gaafar, 2005; El Tahir et al., 2009; Fadl, 2010; Mubarak 
et al., 2011; Githae et al., 2013; Berhe and Retta, 2015). 
Unlike in many countries, an integration of this tree in 
Cameroon agroforestry systems was neither significant 
nor documented. Former studies always focused on 
improving gum arabic production or commercialization 
(Mallet et al., 2002; Palou Madi et al., 2010; Harmand et 
al., 2012; Mujawamariya et al., 2013; Abib et al., 2013). 
Little works had  concerned  soil  fertility restoration at the  



2156        Afr. J. Agric. Res. 
 
 
 

 
 

Figure 1. Location of the studied area. 

 
 
 
lowest possible cost through their integration in 
agroforestry systems (Abib et al., 2013; Mujawamariya et 
al., 2013). So, studies on the conversion of these 
plantations or cropping these plantations were scarcely 
approached as well as assessment of soil fertility 
improvement potentiality (Kissi, 2011). This paper (1) 
determines the influence of A. senegal fallow duration on 
soil properties; (2) determines the effect of conversion 
form on sorghum and cowpea production and (3) 
assesses and compares sorghum and cowpea production 
of fallowed land to continuous cropping without A. 
senegal. 
 
 
MATERIALS AND METHODS 

 
Study area 
 
The study was conducted in Northern Cameroon especially in Mayo 
Danay Division. The experiment was carried out in A. senegal 
plantations located in three sites, Yagoua, Bougaye and Tcherfeke 
(Figure 1). The main soil groups in studied sites are sandy deep soil 
developed on dunes sands classified as ferruginous and isolated 
lowland vertisols (Brabant and Gavaud, 1985; Raunet, 2003). They 
are acid and display a low content in organic matter and clay which 
is globally less than 10% (Raunet, 2003). The climate which is 
tropical made of two contrasting seasons: a humid season which 
occurs mainly from June to September and a dry season from 
October to May (L’Hote, 2000). The mean annual rainfall is 800 mm 
and the mean annual temperature is 28°C. The natural vegetation 
is savannah dominated by Guieira senegalensis, associated to 
Balanites aegyptiaca, Faidherbia albida, Tamarindus indica, Zizifus 
mauritiana, Annona senegalensis and Acacia sieberiana (Letouzey, 
1985). Besides the natural vegetation, some A. senegal plantations 
were observed. These trees were tapered at the beginning of the 
dry season notably around November with regard to defoliation 
patterns  for  gum  production. It  is  a  source  of  income  for  many 

stakeholders (Harmand et al., 2012; Abib et al., 2013). The relief is 
smooth with some gentle sand dunes slopes. Geological formations 
are sedimentary rocks represented by sand dunes deposits. 
Agriculture, fishing and cattle breeding are the mains activities of 
populations. The most cultivated crops are millet, sorghum, rice and 
cowpea. The populations are poor and cannot supply external 
inputs (fertilizers, manure) to crops cultivated in depleted sandy 
soils. 
 
 
Experimental design  
 
A field trial was made during 2014-2015 and 2015-2016 growing 
seasons. Four A. senegal plantations of the farmers with different 
ages and plant density were selected in 3 sites (Yagoua, Bougaye 
and Tcherfeke). In Yagoua, A. senegal plantation was 16 years old 
and planted in a 4×4 m with 4 m spacing between the trees on the 
planting rows. Tcherfeké plantations were 18 and 19 years old and 
were planted, respectively in a 5×3 m and 5×5 m densities. 
Bougaye plantation was 15 years old. The overall characteristics of 
the different plantations are shown in Table 1.  

The experimental design consisted of a 2 duplicated complete 
block design constituted by three treatments each one with 2 
replications: 
 

(1) A continuous cropping system without A. senegal tree (CC), 
(2) A. senegal plantation after clear-felling and total removing of 
trees (AsCb), 
(3) A. senegal plantation after clear-felling and total removing of 
one row over three (AsEc).   
 
Each block was divided into 6 plots representing the 3 treatments 
with replication. Each plot size was 100 m² (10×10 m). AsEc had an 
average 6 trees per plot, while AsCb and control had no A. senegal 
tree. 
 
 

Soil sampling and analytical procedure 
 
Soils  were  sampled  at  different  points of the trials plots mainly at  
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Table 1. Characteristics of the studied A. senegal plantations. 
 

Site Longitude and latitude Altitude (m) Soil type 
Textural 
class 

Plantation 
age (years) 

Tree density 
(m) 

Bougaye 10° 14’ 941’’ N; 15° 06’ 661’’ E 327 Ferruginous Sandy 15 5×5 

Yagoua 10° 19’ 584’’ N ; 15° 12' 994’’ E  336 Ferruginous Sandy 16 4×4 
       

Tcherfeké 10° 14’ 527’’ N; 15° 11’ 045’’ E  342 Ferruginous Sandy 
18 5×3 

19 5×5 

 
 
 
topsoil (0 to 20 cm) and subsoil (20 to 40 cm) before tillage. In 
every site, a composite soil sample was obtained by mixing and 
quartered all samples collected at plots from A. senegal plantation. 
The same procedure was applied to the continuous cropped soils 
(control). Samples were air-dried and passed through a 2 mm sieve 
before analyses at the Institute of Agricultural Research for 
Development (IRAD) soils and plant laboratory at Yaoundé. Particle 
size distribution was determined by the pipette method following 
dispersion with sodium hexametaphosphate. Soil pH was measured 
in water and in KCl with pH meter equipped with a glass electrode 
in 1:2.5 soil-water suspensions. The soil organic carbon (OC) was 
measured by the wet oxidation method (Walkley and Black, 1934). 
The percentage of organic matter was calculated by multiplying the 
organic carbon values by the factor 1.72 in cropped soil and by the 
factor 2 in fallow soil. Total nitrogen was measured by the Kjeldahl 
method. Available phosphorus was determined by Bray II method. 
Exchangeable cations (Ca++, Mg++, K+ and Na+) were determined by 
Atomic Absorption Spectroscopy after extraction by ammonium 
acetate (CH3COONH4) using percolation method at pH 7 and cation 
exchange capacity (CEC) was determined using the sodium 
saturation method. 
 
 
Plant materials and data recording 
 
Plant materials were rainfed sorghum (Sorghum bicolor) and 
cowpea (Vigna unguiculata) which are among the most important 
cereals and leguminous cultivated in North Cameroon and are 
considered as the main foods crop. Sorghum seed (Zouaye variety) 
and cowpea seed (Lori variety) were obtained at IRAD and sown at 
the spacing of 80 × 40 cm as recommended for the agro ecological 
zone. The seeds rates were 5 in each hole and plants were thinned 
to 2 plants 2 weeks later. A micro dose (4 g) of fertilizer (NPK, 20 
10 10) was added in each hole of plant of replicated treatments. 
Data were collected only from the central rows of each plot, 
discarding the four marginal rows. Sorghum was grown for the first 
year (2015) of conversion and replaced by the cowpea in the 
second growing season (2016). Sorghum recorded data include 
stem height at 15, 35 and 75 days after sorghum lift (DAL) and yield 
by hectare for each treatment. Concerning cowpea, plants height, 
collar diameter, the number of ramifications and the number of 
matured pods mainly at the flowering and harvest stages were 
collected. During the trial, farmers which had A. senegal plantations 
or practice tree tapping were invited in every site to compare and 
appreciate growth and yield crops at different treatments especially 
at flowering and harvest time. Farmers were also called to 
appreciate soil restoration in the fallowed plantations.   
 
 

RESULTS AND DISCUSSION 
 

Soils physicochemical properties 
 

Results  showed   that   the    studied    soils    have   high 

proportion in sand (up to 88.55%) and a slight amount of 
fines elements which were globally less than 10% in 
topsoil (Table 2). This revealed a sandy texture grade of 
studied soils at surface horizon as mentioned by many 
researchers (Brabant and Gavaud, 1985; Raunet, 2003). 
It is also noted an increase of clay content from the 
topsoil to subsoil while an opposite trend was observed 
with sand content. This suggests that topsoil was eroded 
and reflects vertical washing. In the three sites, clay 
contents were similar between continuous cropping and 
A. senegal fallow. Soils from continuous cropping and 
from A. senegal fallow were not too different. This means 
that fallowing with A. senegal had little effect on soil 
texture. However, intercropping was recognized to 
protect soil from erosion and in this order, soils under this 
system may be more clayey than those under pure 
annual crop (El Tahir et al., 2009). This is because fine 
particles (clay and silt) are more susceptible to erosion 
and especially when cropped.  

Soil chemical properties varied widely in different soils 
samples (Table 3). As noted in Table 3, pH H2O was 
higher than pH KCl in all samples. According to Kasongo 
et al. (2009), a net negative charge is suggested. A 
decrease of pH values with depth was noted in all studied 
soils samples. Based to the pH values (H2O and KCl) 
which were totally less than 6, these soils are strongly 
acidic. In A. senegal plantations, pH was relatively higher 
than in continuous cropping. Similarly to pH pattern, H

+
 

amount decreases according to depth with null values in 
topsoil from fallowed lands. This highlights a contribution 
of A. senegal tree in soils acidity reduction. This result is 
different from those published by Kasongo et al. (2009) 
which stated that the Acacia auriculiformis tree induces a 
clear acidification of topsoil. However, trees globally have 
potentiality to reduce soil acidity (Berhe and Retta, 2015).  

Available phosphorus ranged between 0.207 and 
13.746 mgkg

-1
 and almost concentrated in topsoil while in 

subsoil, it was less than 1 mgkg
-1

. Higher values were 
observed in A. senegal fallows (13.746 mgkg

-1
 in Yagoua, 

20.74 mgkg
-1 

in Bougaye and 8.173 mgkg
-1

 in Tcherfeke). 
The oldest fallow was not characterized by the highest 
amount of available phosphorus. This suggests that 
fallow duration did not influence phosphorus accumulation 
in soils under A. senegal. Palm (1995) reported that the 
pruning of trees species provides sufficient nutrients to 
meet  crop   demand   except   phosphorus.  Soil  organic 
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Table 2. Particles size distribution of sampled soils. 
 

Soil depth CCB CCY 
Topsoil (0-20cm)  

CCB CCY 
Subsoil (20-40cm) 

CCT AF15 AF16 AF18  CCT AF15 AF16 AF18 

Clay  9.6 10.02 6.98 10.4 9.81 6.82  13.5 13.77 9.71 13.5 17.60 4.54 

Fine silt 1.7 2.43 2.88 1.5 1.11 2.43  2.7 2.64 1.67 2.2 1.62 2.77 

Coarse silt
 

9.1 2.73 6.24 6.6 3.10 5.74  7.9 3.19 4.76 5.9 3.49 5.80 

Fine sand 61.6 68.81 72.30 56 73.01 73.01  56.3 65.36 70.19 53.4 66.89 74.19 

Coarse sand 18 15.61 11.17 25.5 15.54 11.87  19.62 14.86 13.52 25 10.30 12.48 
 

CCB: Continuous cropping system (control) in Bougaye; CCY: continuous cropping system in Yagoua; CCT: continuous cropping system in 
Tcherfeke; AF15: 15 years old A. senegal plantation; AF16: 16 years old A. senegal plantation; AF18: 18 years old A. senegal plantation. 

 
 
 
Table 3. Soils chemical properties. 
 

Parameter 

Topsoil (0-20cm)  Subsoil (20-40cm) 

Bougaye  Yagoua  Tcherfeké  Bougaye  Yagoua  Tcherfeké 

CC AF15  CC AF16  CC AF18  CC AF15  CC AF16  CC AF18 

pH H2O  6.190 6.590  4.570 4.960  4.420 4.800  5.640 5.890  4.700 4.720  4.530 4.650 

pH KCl 4.570 5.520  4.040 4.150  3.970 4.370  3.820 4.400  3.910 3.950  3.940 3.920 

H
+
 - -  0.500 -  0.600 -  - -  1.210 0.100  0.900 0.900 

Pav mgkg
-1 

9.066 20.740  3.311 8.173  3.927 13.746  5.150 7.398  0.207 0.518  0.310 2.687 

OM gkg
-1

 2.574 15.466  8.779 15.770  8.530 14.504  1.436 3.342  8.555 8.968  10.385 8.624 

N tot gkg
-1

 0.491 0.802  0.749 1.006  0.701 0.926  0.233 0.432  0.574 0.632  0.597 0.570 

Ca
++ 

cmolkg
-1 

1.138 2.657  0.103 1.978  - 1.539  2.008 1.994  0.351 0.056  - 0.054 

Mg
++

 cmolkg
-1 

0.487 0.785  0.032 0.546  - 0.209  0.705 0.701  - 0.001  - - 

K
+ 

cmolkg
-1 

1.856 3.420  0.155 0.517  0.066 0.221  1.928 2.152  0.113 0.178  0.012 0.078 

Na
+ 

cmolkg
-1 

1.369 -  0.027 0.018  0.011 0.012  - 1.018  0.026 0.027  0.006 0.018 

CEC cmolkg
-1 

1.247 2.825  7.682 6.628  6.120 7.087  2.993 3.514  5.734 8.959  7.655 4.018 
 

CC: Continuous cropping system; AF15: 15 years old A. senegal plantation; AF16: 16 years old A. senegal plantation; AF18: 18 years old A. senegal plantation. 

 
 
 
matter (SOM) varied between 8.530 and 15.770 
mgkg

-1
 with higher values in topsoil of fallowed 

plots. In continuous cropping soils, SOM was 
situated around 8 mgkg

-1
 while in A. senegal 

fallow, these values reached 15 mgkg
-1

 showing a 
positive effect of A. senegal tree on SOM  content. 

The total nitrogen (N tot) which ranged between 
0.570 and 1.006 mgkg

-1
 follows similar trend as 

SOM. In subsoil, there were no significant 
differences. A significant and steady increase in 
SOM and N during Acacia species tree fallow 
were  widely   published   (Deans   et    al.,   1999; 

Kasongo et al., 2009; El Tahir et al., 2009; 
Mubarak et al., 2011; Berhe and Retta, 2015). 
The higher content in nitrogen could be linked to a 
direct N input from tree to soil as a consequence 
of leaf litter mineralization (Palm, 1995; Gaafar, 
2005;  Ibrahima   et   al.,   2008;   Fadl,  2010).  A. 



 
 
 
 
senegal is well known as a deciduous tree which shed 
their leaves during dry season (Gaafar, 2005; Harmand 
et al., 2012; Abib et al., 2013). The decomposition of leaf 
litter supplies N and organic carbon in soil inducing an 
increase of their levels within the soils (Gaafar, 2005; 
Kasongo et al., 2009; Mubarak et al., 2011; Fadl, 2010; 
Omar and Muhammad, 2015). Partey et al. (2011) 
emphasized that an addition of plant residues component 
to the soil plays an important role by improving soil 
structure, microbial activities, and nutrient status by 
recycling of plant nutrients. Its regulation plays an 
important role in poor soil in savannah from Northern 
Cameroon (Ibrahima et al., 2008). As all others 
leguminous species, A. senegal is recognized as a N2-
fixing tree and its ability to fix atmospheric nitrogen 
through their root system symbiosis with rhizobium was 
well documented (Isaac et al., 2011; El Atta et al., 2013; 
Githae et al., 2013). Furthermore, N fixed by Acacia is 
released into the soil through litter fall and root decay (El 
Atta et al., 2013). As expected, CEC was globally low in 
studied soils (less than 9 cmolkg

-1
). This overall low CEC 

is in agreement with the sandy texture grade and the 
mineralogy dominated by kaolinite. Exchangeable bases 
were low and mainly dominated by Ca

++
. The highest 

values of Ca
++

 (2.657 cmolkg
-1

) and Mg
++

 (0.785 cmolkg
-

1
) were observed at the A. senegal topsoil while the 

lowest obtained in continuous cropping. In subsoil from 
these continuous cropped lands, Ca

++
 and Mg

++
 values 

were not detectable. The high values of Ca
++

 and Mg
++

 in 
topsoil might be due to the decomposition of fallen leaves 
which supply exchangeable bases in soil (Palm, 1995; 
Kasongo et al., 2009; Hadgu et al., 2009; Partey et al., 
2011). 
 
 
Yield and yield components 
 
Sorghum height at 15, 35 and 75 days after lift (DAL) 
according to treatments are as shown in Figure 2. The 
higher values were recorded in AsCb while the lesser 
were obtained in CC (control). At 15 days after lift, 
sorghum height was not too different between AsEc and 
AsCb although it was relatively higher in AsCb (Figure 2).   

Measured cowpea growth parameters are shown in 
Table 4. The higher growth data were observed on A. 
senegal fallowed plots. In these plots, AsEc treatment 
recorded the highest cowpea performance growth. This 
finding means that the partial clear-felling represents the 
best conversion form of old plantation than the total clear-
felling.    

Sorghum grain and cowpea yields in hectare according 
to the plantation age and the conversion form are 
presented in Figure 3.  The continuous cropping system 
without tree (control) recorded the less crops yields which 
are globally less than 1 tha

-1
 and 1.5 tha

-1
, respectively 

for sorghum and cowpea. The age of the plantation and 
the conversion  form  were  highly  influencing   the  crops  
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yield. In fact, the old plantation (19 years) recorded the 
higher yields while the young (15 years) recorded the 
less. A. senegal fixes nitrogen in the soil and 
accumulates it during the fallowing period as well as 
organic carbon, improving soil fertility and leading to 
higher yields (Mallet et al., 2002; Isaac et al., 2011). The 
partial tree clear-felling seemed to be a better form of 
conversion because it recorded the higher sorghum (3.59 
tha

-1
) and cowpea (2.4 tha

-1
) yields (Figure 3). 

Commonly, intercropping annual crops with tree species 
reduces crops yields because of the competition between 
trees and associated crops caused by tree density and 
size (Rao et al., 1998; Muthuri et al., 2005; Gaafar et al., 
2006; Hadgu et al., 2009; Fadl, 2010). Furthermore, trees 
use the water in the topsoil where annual crops are 
grown rather than the water below (Raddad and 
Luukkanen, 2007). Obtained findings implied that no 
competition existed between sorghum and cowpea with 
A. senegal tree for water, light and nutrients leading to 
yield reduction. Furthermore, it shows that A. senegal 
trees in intercropping with sorghum or cowpea enhance 
their productivity. Several studies reported that the yields 
of intercrops in combination with pruned trees were not 
significantly different with their yields when grown alone 
(Ong et al., 2000; Droppelmann et al., 2000; Hadgu et al., 
2009). This was made possible because A. senegal 
leaves area are low. This is in agreement with Dawson 
(1996) which stated that water use by trees is positively 
correlated to their leaf area. Also, the decomposition of 
fallen leaves and nutrient release rates of different 
agroforestry species are related to the quality of leaf 
material (Ibrahima et al., 2008; Partey et al., 2011). 
Muthuri et al. (2005) remarked that tree leafing phenology 
was also an important parameter promoting annual crops 
growth and yield in intercropping agroforestry system in 
Kenya. The high difference in yields observed between 
crops in fallowed plots (AsEc and AsCb) and in 
continuous cropped (CC) could be due in one hand to soil 
fertility improvement through trees litter fall and on the 
other hand to the microclimate created which were 
favorable to crops growth. In fact, A. senegal remaining 
tree (in the density of 5×10 m or 4×8 m according to 
studied sites) created a microclimate condition limiting 
water evaporation loss and fertility decline through 
erosion. Former studies obtained similar results (Raddad 
and Luukkanen, 2007). Research results concerning 
benefits effect of intercropping annual crops with A. 
senegal abound in literature (Nasreldin, 2004; Raddad 
and Luukkanen, 2007; Kissi, 2011). Further, N-deficient 
soils have high potential response to tree fallow (Palm, 
1995; Kasongo et al., 2009; El Tahir et al., 2009). The 
differences observed about yields of sorghum and 
cowpea between AsCb and AsEc may be related to the 
fact that the remaining A. senegal trees continue to 
supply nutrients within the soil through litter fall without 
competing with associated crops. In addition, conversion 
of  old  plantations  is  associated  with  nutrients  content  
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Figure 2. Average height of sorghum according treatments. 
 
 
 

   
 

 

Figure 3. Sorghum grain (a) and cowpea (b) yields according to plantation age. 
 
 
 

decrease (El Tahir et al., 2009). These findings were 
benefit to farmers because intercropping sorghum with A. 
senegal enhances gum arabic production (Gaafar et al., 
2006). 

Comparing differences between yields of sorghum and 
cowpea from fallowed lands to continuous cropped 
systems, it was remarked that the difference was not 
higher with cowpea. This suggests that cowpea was not 
significantly affected by N-soil deficiency and less 
sensitive to soil poverty. Cowpea is also a leguminous 
capable like A. senegal to fix and recycle atmospheric N 
into the soil via their active root noodles. This is why no 
fertilizers were provided to this crop by farmers in North 
Cameroon.  
 
 

Farmer’s perception of the conversion approaches 
and soil restoration 
 

In Northern Cameroon savannas, farmers easily 
distinguish  fertile   soils   from   degraded    one   through 

indigenous knowledge (Ibrahima et al., 2007). The Massa 
people (dominant ethnic group of the studied area) 
globally refer to physical and biological indicators 
(Kossoumna Liba’a, 2007). During field visits, they easily 
identified the difference between crops growth between 
fallowed and continuous cropping plots. Another aspect 
that retained the attention of the visitors was the soil 
colors in surface horizons. For instance, the relative dark 
color of fallowed lands as compared to continuous 
cropping was interpreted by farmers as a sign of fertility 
recovery and abundance of organic matter. The soil black 
color and the presence of earthworms were considered 
as best indicators of soil fertility (Kossoumna Liba’a, 
2007; Ibrahima et al., 2007). The farmers nourished an 
intention to adopt the partial clear-felling process during 
plantation conversion in cropping fields. Furthermore, 
they considered wood collected after cutting down or 
pruned trees as another benefits in this part of the 
country where A. senegal plantations were important 
sources of firewood. The  fruits  and  leaves  constitute  a  
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Table 4. Effect of the A. senegal plantation conversion form on cowpea growth parameters (means + standard deviation) at flowering (FS) and harvest (HS) stages. 
 

Treatment 
Leaves number 

at FS 
Leaves 

number at HS 
Plants height at 

FS (cm) 
Plants height at HS 

(cm) 
Collar diameter 

at FS (cm) 
Collar diameter 

at HS (cm) 
Plants ramification 

number at HS 
Number of pods 

by plant 

CC 28.155±9.555 14.077±4.777 32.575±13.245 30.77±5.570 6.83±1.505 7.22±1.225 3.04±1.370 10.07±3.845 

AsEc 31.080±12.935 27.525±12.650 39.745±13.580 37.36±8.095 7.85±1.610 7.66±1.665 3.93±1.395 10.40±4.810 

AsCb 29.545±11.840 26.840±12.085 36.645±13.065 35.65±6.055 7.51±1.380 6.81±1.570 3.06±1.250 10.24±4.735 
 
 
 

fodder appreciated by animals. However, the 
problem of less gum production and the lack of a 
formal market were considered as major 
constraints to promote new plantations. The lack 
of appropriate equipment for gum collection and 
tree management (pruning) was another constraint 
to be considered. Similar results were observed in 
Central and West Africa (Palou Madi et al., 2010; 
Mujawamariya et al., 2013). The application of 
ethephon in semi-arid North Cameroon when 
tapping trees is a way for enhancing gum 
production (Abib et al., 2013). It was also reported 
that the time of tapping as well as it intensity and 
tapping methods strongly influence gum yield by 
plant (Adam et al., 2009; Harmand et al., 2012; 
Abib et al., 2013). The needs of farmer’s training 
about this new technology and the organization of 
the sector were real in order to sustain existed 
plantations and promote the new 
implementations. In North Cameroon, tapping is 
generally manual and traditional while gum 
collection is made mainly by women and children 
(Palou Madi et al., 2010; Abib et al., 2013). The 
rural development agencies have to redefine the 
speech when vulgarizing A. senegal plantations. 
 
 

Conclusion 
 

This study was focused on the conversion of old 
A. senegal plantation in order to determine their 
suitability, to restore degraded sandy soils and 
sustain crop productivity. Obtained results can  be 

summarized as: 
 

(1) A. senegal planting fallow restores sandy soil 
fertility and sustain crop productivity; 
(2) The higher is the fallowing period, the more 
soil fertility is improved and the higher is the crops 
yields; 
(3) The best form of old plantation conversion is 
the partial clear-felling of trees because it 
recorded higher sorghum and cowpea yields; 
(4) The total clear felling process has to be 
forbidden, but the partial clear-felling is 
recommended. 
 

The global findings indicated that fallowing with A. 
senegal can restore sandy degraded soils and 
therefore constitutes a suitable agroforestry 
system that may sustain annual crops. Further 
studies have to be done in order to determine the 
real tree density to be left when converting and 
intercropping with annual crops. 
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Competition interferes with the growth and development of plants, whether of the same species or not. 
The aim of this work is to evaluate the intra-specific interference of slender amaranth plants 
(Amaranthus viridis) at different densities and distances, and in an inter-specific interaction with red 
pepper (Capsicum baccatum var. pendulum). The experiment was conducted in four replications and in 
a randomized complete block design using a factorial scheme of 2x4 + 2 controls, which represent two 
distances (5 and 10 cm) between the weeds and pepper (transplanted in the center of the box) and 4 
densities of slender amaranth (3, 6, 9, and 12 plants m

-2
). Cement-asbestos boxes with a capacity of 90 

L were filled with clayey soils (Red Dark Latosol). The pepper seedlings were transferred to the boxes 
after having three fully expanded leaves, whereas the slender amaranth seedlings were transplanted 
when they were 5 cm in height. Growth and yield characteristics of the crop and weeds were evaluated. 
As a result, it was observed that as the density increased, both species suffered more damage; the red 
pepper showed etiolation and reduced production, and the weeds showed a reduction in growth 
parameters. The distance between the plants did not interfere with their intra- and inter-specific 
coexistence. 
 
Key words: Capsicum baccatum, Amaranthus viridis, density, competition, weed. 

 
 
INTRODUCTION 
 
Red pepper (Capsicum baccatum L.), belonging to the 
family Solanaceae, is a shrubby plant, and cultivated as 
an annual plant (Filgueira, 2008); it has indeterminate 
growth, continuous flowering and fruiting, and bears fruits 

at different stages of maturation (Pereira et al., 2014). It 
is produced mainly in family farms, where value can be 
added to the product, and in integration systems between 
the farmer and the industry (Rufino and Penteado, 2006). 
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The presence of weeds is one of the main factors that 
reduce the yield and quality of pepper fruits (Eure and 
Culpepperhtps, 2017). Among the plants found in the 
areas cultivated with vegetables, species of the genus 
Amaranthus, popularly known in Brazil as “caruru” 
(amaranth), stand out. Belonging to the family 
Amaranthaceae, this genus has about 60 plant species, 
some being cultivated and others growing as weeds: A. 
viridis (slender amaranth), A. spinosus (spiny amaranth), 
A. retroflexus (giant amaranth), and A. hybridus (purple 
amaranth) (Lorenzi, 2000). These plants can produce up 
to 235000 seeds (Lorenzi, 2000). This shows the 
importance of the management of these plants in 
agricultural areas to avoid competition with crops and to 
minimize the effects on the seed bank, especially 
considering the difficulty of their control (Robinson et al., 
2008). 

Amaranthus is one of the major genera of weeds 
infesting peppers in Mexico and Canada (Amador-
Ramirez, 2002; Robinson et al., 2008). It is also one of 
the most important weeds for various bean cropping 
areas (Barroso et al., 2012) and vegetable cultivation 
sites (Marcolini et al., 2010). Barroso et al. (2012), in 
studies of inter-specific competition between beans and 
A. viridis, reported that the presence of weed decreased 
yield by 26%, negatively affecting the crop. 

Knowledge of weed interference on crops is important 
in management decision making. The degree of weed 
interference on crops can be influenced by factors related 
to the weed community and the crop itself, such as the 
species present, the distribution, and the density (Barroso 
et al., 2012; Marcolini et al., 2010). 

Competition is the main interference of one plant over 
another (Pitelli, 2014), and occurs when one or more of 
the essential resources for the growth and development 
of a plant becomes limited to meet the number of 
individuals present at the site (Rigoli et al., 2008). In this 
context, the density (number of individuals) and the 
spatial arrangement (plant spacing) of plants are factors 
that directly interfere with the relationship between plants 
(Bezerra et al., 2014). According to Carvalho and 
Christoffoleti (2008), high density is a more important 
factor for competition than the intrinsic competitive ability 
of the species. Thus, it is important that plants can 
remain under adequate conditions and in environments 
with available resources, so that competition is not 
established. 

Most studies on the competition between plants are 
focused on comparisons between weeds and cultivated 
plants (inter-specific competition), seeking to quantify the 
effect on yield (Christoffoleti and Victoria Filho, 1996). 
Notwithstanding, intra-specific competition, that is, 
between plants of the same species, is also of great 
importance, since the plants have the same vegetative 
habit and the same needs of  resources.  Crops  such  as  

 
 
 
 
sunflower (Bezerra et al., 2014) and beans (Carvalho and 
Christoffoleti, 2008; Barroso et al., 2012) showed a 
decrease in yield when under intra-specific competition. 
However, it should be borne in mind that species 
agronomically considered as weeds may also suffer from 
intra-specific competition under conditions where 
resources are limited. 

The hypothesis of this work is that amaranth can 
interfere with pepper and this interference is dependent 
on the density and distance of the weed crop, which may 
also undergo density-dependent intra-specific 
interference. Thus, the aim of this study is to evaluate the 
intra-specific interference of slender amaranth 
(Amaranthus viridis) plants at different densities and 
distances, and in an inter-specific interaction with red 
pepper (C. baccatum). 
 
 
MATERIALS AND METHODS 
 

Two experiments were carried out. The first consisted of the 
coexistence of A. viridis (slender amaranth) and C. baccatum; in the 
second, A. viridis plants remained in intra-specific competition. 
The seedlings of A. viridis and C. baccatum were produced in 128-
cell trays filled with commercial substrate. The plants for both 
experiments were transplanted to the experimental unit on the 
same day, on August 3, 2015, according to each treatment. The 
pepper showed three fully expanded leaves, and the weeds were 
approximately 5 cm high. The transplantation was done in cement 
boxes with a capacity of 90.0 L, and dimensions of 60x60x25 cm, 
filled with clayey soil (Dark Red Latosol). Fertilizations were 
performed according to the results of the soil analysis (Table 1), 
based on Bulletin 100 (Van Raij et al., 1997);h the first fertilization 
was done 10 days before the transplant of the plants, and the cover 
fertilization 30 days after transplantation (DAT). Irrigation was done 
daily, and the insecticide Deltamethrin (concentration of 25 g L-1), 
with commercial product Decis (BAYER) was applied as 
recommended by the manufacturer and when necessary for crop 
protection. 

The inter-specific experiment was performed in a randomized 
complete block design, with a factorial scheme of 2x4 + 2 controls, 
representing the two distances (5 and 10 cm) between the weeds 
and the pepper (transplanted in the center of the box), and the four 
densities of slender amaranth (1, 2, 3, and 4 plants box-1, 
representing 3, 6, 9, and 12 plants m-2, respectively).  A pepper 
control was maintained without the presence of weeds, and a 
slender amaranth control without any crop. 

For the intra-specific experiment, only the factorial scheme was 
modified to 2x3 + control, representing the two distances from the 
center of the box (5 and 10 cm) and the three densities (2, 3, and 4 
plants box-1, corresponding to 6, 9 and 12 plants m-2, respectively). 
For the control treatment, there was only one plant per box (3 
plants m-2). 

The measurements of height (from the base to the beginning of 
the branch) and diameter at the stem base of the plants were made 
at 15, 30, 45, 60, and 75 DAT for A. viridis plants (leaves and 
inflorescence at the beginning of senescence), and at 15, 30, 45, 
60, 75, 90, and 105 DAT for pepper (final ripening period). At the 
end of each experimental period, the following were evaluated: leaf 
area (LICOR LI3000), dry mass of leaves, and dry mass of stems 
(after drying in a greenhouse with forced air circulation at 65°C for 
three days). For  the  crop,  the  number  of  fruits was also counted,  
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Table 1. Result of the chemical analysis of a soil sample used as substrate. 
 

Crop 
pH 

(CaCl2) 

O.M. 

(g dm
-3

) 

P resin 
(mg dm

-3
) 

K Ca Mg H+Al SB CEC 
V (%) 

Mmolc dm
-3

 

Pepper 5.8 26 140 2.0 48 11 19 60.5 79.0 77 

Amaranth 6.2 31 111 1.8 58 13 12 72.6 84.5 86 
 

Source: Laboratory Athenas Consultoria Agrícola - Jaboticabal/SP. 

 
 
 
and, after harvest, the fresh and dry mass of fruits and the dry mass 
of seeds were evaluated. 

The data were submitted to analysis of variance (ANOVA) and 
the means were analyzed by the Tukey test (p> 0.05). 

 

 
RESULTS AND DISCUSSION 

 
Inter-specific interference between pepper and A. 
viridis 

 
Regarding the coexistence of pepper with A. viridis, a 
significant difference was observed in plant height from 
60 days after transplantation (DAT) in relation to weed 
distance (Table 2). This effect was more accentuated by 
the distance the plants occupy, as it can be observed that 
the pepper showed a higher height at 5 cm from the 
weeds, mainly at the highest density, of 12 plants m

-2
. 

Notwithstanding, this result does not imply that the plant 
had an effective growth; the crop may have undergone 
light competition with weeds, which has caused etiolation. 

Etiolation is a response of plants to low ambient light 
(Franco and Dillenburgl, 2007), in which the plant starts 
to invest more energy to increase stem growth (increase 
in length) in search of light (Dousseaun et al., 2007). 
However, this growth does not provide an increase in the 
dry mass of the plant, that is, this energy expenditure is 
not being well used and this may cause changes in plant 
metabolism (Constantin et al., 2008; Pitelli, 2014) and 
losses in yield. Moreover, the plant is more fragile and 
susceptible to breakage and to the attack of pests and 
diseases, which further hinders its development and 
cultivation (Silva et al., 2016). 

This non-effective growth of the pepper plants is also 
observed in the other characteristics evaluated. There is 
a significant relation between the factors and the control 
for the stem diameter of pepper, and the presence of A. 
viridis negatively interfered with this characteristic from 
45 DAT, decreasing it by 40% at 105 DAT with the 
density of 12 plants m

-2
 (Table 3). According to Lima et 

al. (2008), etiolated plants do not accumulate mass and, 
therefore, their stem is much thinner when compared to a 
healthy plant without interference. 

For the dry mass of stems and leaves and leaf area 
(Table 4), a significant  difference  was  observed  for  the 

control in relation to the factors, and the presence of 
weeds, regardless of density and distance, caused a 
reduction in these characteristics. The reductions reached 
74, 71, and 25% for the dry mass of stems and leaves 
and leaf area at the density of 12 plants m

-2
, respectively. 

The plants with higher height did not present higher 
values of diameter and dry mass of stems and leaves, 
increasing the chances that the growth occurred as a 
function of the shading caused by weeds, that is, the 
pepper plants had etiolation. However, the leaf area was 
higher with 12 m

-2
 plants than in the other densities. 

Under low luminosity, plants tend to expand leaf size to 
compensate for or better use low light (Lima et al., 2008). 
However, this change in morphology implies other 
changes in the leaf, such as a decrease in leaf thickness 
(Benincasa, 2003), which explains the reduction of dry 
mass of leaves in the pepper plants, a phenomenon that 
Lima et al. (2008) found in Caesalpinia ferrea seedlings. 

The interception of solar radiation by weeds, preventing 
the passage of light into the crop, depends on the 
composition, density, and distribution of these plants 
(Pitelli, 2014). Marcolini et al. (2010) verified that the beet 
crop was very sensitive to the interference imposed by A. 
viridis plants, showing a significant reduction in leaf area, 
number of leaves, dry mass of leaves, mean root 
diameter, and fresh mass of roots even at low densities 
of weed populations. 

Based on the analysis of dry mass of leaves (Table 5), 
there was interaction between the factors distance and 
density of plants m

-2
. Comparing the densities of slender 

amaranth plants for each distance, it was observed that 
at the distance of 5 cm, there was no significant 
difference between the treatments. For the distance of 10 
cm, it was observed a difference between the treatments 
with 3 and 12 plants m

-2
, where the first treatment 

resulted in a higher dry matter production, probably due 
to the competition for resources being lower. 

For the number of fruits (Table 6), there was a 
significant difference for the control in relation to the 
factors. The presence of A. viridis caused a mean 
reduction of 68% at the densities of 3 and 6 plants m

-2 

(Table 6), and 81.5% at the other densities. It was 
observed that the distance of 5 cm provided higher 
losses for the number of fruits (Table 7) as density 
increased, reaching a reduction of 56%. 
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Table 2. Mean values of height (cm) of red pepper subjected to increasing periods of coexistence with Amaranthus viridis at two 
distances and at increasing densities. 
 

Treatments 15 days 30 days 45 days 60 days 75 days 90 days 105 days 

Distance (cm)  

5 6.82 15.16 25.28 26.53 a 27.44 a 27.72 a 27.90 a 

10 7.51 15.00 23.09 23.97 b 24.56 b 24.88 b 25.03 b 
 

Densities of A. viridis (plants m
-2

) 

3 7.23 15.50 23.00 23.56 24.38 24.56 24.69 

6 6.68 16.06 25.38 25.94 26.88 27.19 27.19 

9 7.20 14.44 23.56 25.25 25.88 26.50 26.63 

12 7.56 14.31 24.81 26.25 26.88 26.94 27.38 

Control 7.83 16.00 22.25 22.38 23.25 23.25 24.25 

F Dist 3.16 ns 0.06 ns 3.70 ns 4.43 * 5.83 * 5.74 * 6.08* 

F Dens 0.90 ns 1.85 ns 0.93 ns 0.97 ns 0.98 ns 1.01 ns 1.11 ns 

F DistxDens 0.18 ns 2.84 ns 2.43 ns 2.04 ns 1.89 ns 2.04 ns 1.78 ns 

F Test x Fac 1.31 ns 0.98 ns 1.29 ns 2.48 ns 2.37 ns 2.93 ns 1.61 ns 

CV% 15.02 11.57 13.41 13.82 13.11 12.93 12.58 
 

Means followed by the same letter in the column do not differ from each other by the Tukey test at 5%, *: significant at 5% by the F-
test, ns: non-significant. 

 
 
 

Table 3. Mean values of stem diameter (cm) of red pepper subjected to competition with A. viridis at two distances and at increasing 
densities. 
 

Treatments 15 days 30 days 45 days 60 days 75 days 90 days 105 days 

Distance (cm)  

5 2.03 b 3.46 5.45 7.43 8.43 9.42 11.49 

10 2.32 a 3.26 5.49 7.33 8.91 10.12 11.60 
  

Densities of A. viridis (plants m
-2

)  

3 2.04 3.54 6.35 a 8.52 ab 10.43 a 11.91 a 13.68 a 

6 2.22 3.67 6.08 ab 8.83 a 9.41 a 10.04 ab 11.98 ab 

9 2.23 3.12 4.91 bc 6.31 bc 7.65 b 8.78 b 10.19 b 

12 2.21 3.12 4.54 c 5.86 c 7.18 b 8.37 b 10.35 b 

Control 2.27 4.31 7.39 9.32 12.53 14.98 16.98 

F Dist 8.33** 0.47 ns 0.01 ns 0.03 ns 1.14 ns 1.32 ns 0.03 ns 

F Dens 0.80 ns 0.89 ns 5.79** 7.04** 11.53** 6.94** 6.73** 

F DistxDens 1.66 ns 1.53 ns 0.42 ns 2.67 ns 0.52 ns 0.94 ns 0.95 ns 

F test x factorial 2.34 ns 4.34* 12.15** 5.13* 33.40** 33.00** 33.19** 

CV% 12.90 24.69 18.26 21.23 13.86 16.50 14.64 
 

Means followed by the same letter in the column do not differ from each other by the Tukey test at 5%, *: significant at 5% by the F-test, **: 
significant at 1% by the F-test; ns, non-significant. 

 
 
 

Regarding the fresh mass of fruits (Table 7), the control 
significantly differed from the factors; at the distance of 5 
cm, the density interfered with fruit production. The 
treatment with 3 plants m

-2
 was similar only to that with 6 

plants m
-2

. 
Regarding the dry mass of fruits, the factors also 

differed from the control (Table 6). It is observed  that  the 

density had greater influence, since the greater the 
number of A. viridis plants, the smaller the dry mass of 
fruits. This effect is clearly observed in the unfolding of 
the treatments, where the reductions reach 60% at the 
distance of 5 cm in the second crop (Table 7). 

For the dry mass of seeds (Table 6), the treatments 
differed  from  the  control,  and  it  was  verified   that  the  



 
 

Orzari et al.          2167 
 
 
 

Table 4. Mean values for dry mass of stems and leaves and leaf area of red 
pepper subjected to coexistence with Amaranthus viridis at two distances and 
at increasing densities. 
 

Treatments 
DM Stem DM Leaves Leaf Area 

(g plant
-1

) (cm
2
 plant

-1
) 

Distance (cm) 

5 41.14 12.46 699.06 

10 40.00 12.33 668.64 

 

Density (plants m
-2

) 

3 54.49 a 15.52 a 676.76 

6 46.58 ab 14.23 ab 694.31 

9 28.66 c 9.70 b 644.75 

12 32.54 bc 10.13 ab 719.57 

Control 124.63 35.55 955.18 

F Dist 0.10 ns 0.01 ns 0.29 ns 

F Dens 11.17** 4.05* 0.31 ns 

F DistxDens 0.65 ns 0.37 ns 0.26 ns 

F Test x Fac 241.35** 113.35** 10.16** 

CV% 20.44 27.40 22.48 
 

Means followed by the same letter in the column do not differ from each other by 
the Tukey test at 5%, *: significant at 5% by the F-test, **: significant at 1% by the 
F-test; ns, non-significant. 

 
 
 

Table 5. Unfolding of the interaction between the effects of density and 
distance of Amaranthus viridis on the dry mass of leaves of red pepper. 
 

Density (plants m
-2

) 

Dry mass of leaves (g) 

Distance (cm)  

5 10 F 

3 6.58 Ab 11.83 Aa 10.04** 

6 9.35 Aa 9.31 ABa 0.00 ns 

9 6.36 Aa 8.83 ABa 2.23 ns 

12 10.07 Aa 6.08 Bb 5.80* 

F 2.62 ns 4.04  
 

Means followed by the same letter in the column do not differ from each other by 
the Tukey test at 5%, *: significant at 5% by the F-test, **: significant at 1% by the 
F-test; ns, non-significant. 

 
 
 
density had a greater influence than the distance. 

When plants are competing both for space and for 
resources in the environment, those with faster growth 
and greater uptake of solar radiation occupy the space 
faster, hindering the growth and development of the 
others (Pitelli, 2014). In agricultural areas, weeds are 
considered more competitive, since they occur at a 
higher density, distribution, and with greater adaptive and 
reproductive capacity, causing greater damage to the 
cultivated plant (Pitelli, 2014; Bianchi et al., 2006). 

Studying the periods of interference of weeds in pepper 
(C. annuum, cv. 'Mirasol') during three years in Mexico, 
with A. palmeri as one of the main weeds, Amador-
Ramirez (2002) obtained that the period previous to 
interference (PPI) was 2.1 weeks after transplantation, 
tolerating a 5% loss in total production, or 0.9 weeks 
considering marketable production, with total period of 
weed interference (TPWI) of 12.2 and 12.3 weeks, 
respectively. Consequently, critical periods of weed 
interference  (CPWI)  were  2.1  to  12.2  and  0.9  to 12.3  
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Table 6. Mean values for fresh and dry mass of fruits, number of fruits, and dry mass 
of seeds of red pepper subjected to coexistence with Amaranthus viridis at two 
distances and at increasing densities. 
 

Treatments 
Number of fruits FM fruits DM fruits DM seeds 

(N°. plant
-1

) (g plant
-1

) 

Distance (cm) 

5 33.06 394.31 44.92 7.90 

10 32.38 380.60 40.92 6.84 
 

Density (plants m
-2

) 

3 42.38 a 526.59 a 57.53 a 9.89 

6 39.75 a 469.93 ab 48.98 ab 7.25 

9 26.25 ab 299.21 bc 36.42 b 6.72 

12 22.50 b 254.08 c 28.75 b 5.62 

Control 129.00 1613.01 190.36 32.77 

F Dist 0.03 ns 0.09 ns 0.57 ns 0.61 ns 

F Dens 5.59** 8.49** 5.85** 1.80 ns 

F DistxDens 4.01* 5.14** 6.56** 2.14 ns 

F Test x Fac 239.12** 328.77** 343.43** 157.37** 

CV% 27.04 24.34 25.30 37.46 
 

Means followed by the same letter in the column do not differ from each other by the 
Tukey test at 5%, *: significant at 5% by the F-test, **: significant at 1% by the F-test; ns, 
non-significant. 

 
 
 

Table 7. Unfolding of the interaction between the effects of density and distance of Amaranthus viridis on the dry mass of fruits and 
seeds of red pepper. 
 

Density  

(plants m
-2

) 

Number of fruits Fresh mass of fruits Dry mass of fruits 

Distance (cm)  Distance (cm)  Distance (cm)  

5 10 F 5 10 F 5 10 F 

3 53.75 Aa 31.00 Ab 7.51* 671.81 Aa 381.37ABb 10.39** 77.19 Aa 37.88 Ab 13.73** 

6 36.25ABa 43.25 Aa 0.71 ns 438.14ABa 501.73 Aa 0.50 ns 48.23ABa 49.73 Aa 0.02 ns 

9 18.25 Ba 34.25 Aa 3.71 ns 264.35 Bb 395.48ABa 4.56* 23.10 Bb 49.73 Aa 6.30* 

12 24.00 Ba 21.00 Aa 0.13 ns 202.94 Ba 243.81 Ba 0.05 ns 31.14 Ba 26.36 Aa 0.20 ns 

F 7.15** 2.45 ns  10.87** 2.76 ns  10.18** 2.23 ns  
 

Means followed by the same letter in the column do not differ from each other by the Tukey test at 5%, *: significant at 5% by the F-test, **: 
significant at 1% by the F-test; ns, non-significant. 

 
 
 
weeks, that is these would be the periods in which the 
crop would have to be kept free of the presence of weeds 
to obtain at least 95% of the estimated total and 
marketable fruit production, respectively. In the present 
study, red pepper coexisted with slender amaranth plants 
for 105 days after transplantation, that is, 15 weeks, and 
this period exceeds the critical period obtained by 
Amador-Ramirez (2002), thus confirming the sensitivity of 
the crop to weed interference. In the case of this work, it 
was observed that red pepper suffered with the presence 
of A. viridis, since fruit production was impaired. The 
higher  energy  expenditure  that  pepper   plants   had  to 

correct cell growth processes and recover the loss of 
resources (Paulus et al., 2015), especially light, may 
have led to a decrease in the photosynthetic rate and a 
lower translocation of energy and sugars for fruit 
formation. 

Another important factor that may have caused the low 
fruit production is the fact that A. viridis has a C4 carbon 
fixation pathway (Carvalho and Christofoleti, 2008), and 
this photosynthetic mechanism confers several 
advantageous characteristics in relation to C3 plants, 
mainly in hot and humid environments (Paul and Elmore, 
1984), which contributes to the presence  of  Amaranthus  
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Table 8. Mean values of stem height (cm) of Amaranthus viridis coexisting at two distances and at 
increasing densities with red pepper. 
 

Treatments 15 days 30 days 45 days 60 days 75 days 

Distance (cm) 

5 3.44 12.86 40.61 66.95 76.33 

10 3.61 13.31 40.14 66.05 77.14 
 

Density (plants m
-2

) 

3 3.31 12.31 43.25 76.63 a 91.25 a 

6 3.59 12.34 40.19 67.75 a 75.75 b 

9 3.26 13.83 39.06 65.79 ab 73.88 b 

12 3.95 13.85 39.00 55.83 b 66.06 b 

Control 4.50 12.83 48.63 85.13 91.75 

F Dist 0.21 ns 0.13 ns 0.03 ns 0.10 ns 0.07 ns 

F Dens 0.71 ns 0.48 ns 0.57 ns 8.68** 11.12** 

F DistxDens 0.46 ns 1.20 ns 1.09 ns 1.36 ns 0.44 ns 

F test x Fac 2.96 ns 0.02 ns 4.34* 18.38** 10.01** 

CV% 29.27 27.33 18.08 11.95 11.41 
 

Means followed by the same letter in the column do not differ from each other by the Tukey test at 5%, *: 
significant at 5% by the F-test, **: significant at 1% by the F-test; ns, non-significant. 

 
 
 
species in areas of production of oil plants such as 
pepper. 

Omazine and Silva (2016) verified that with increasing 
density of A. lividus plants, there was a significant 
reduction in the cumulative dry mass of C. annuum. 
There was a reduction of 80.8% in the dry mass of 
pepper when cultivated with only one A. lividus plant, and 
a reduction of 97.7% when the treatment consisted of 
four A. lividus plants, showing that the crop growth was 
hampered due to the conviviality among the species, 
even at a low density. In addition, the authors point out 
that although the greatest damage occurs at high weed 
densities, the species A. lividus is more aggressive on 
pepper when it is in a smaller number of individuals than 
at a high population rate, since the competition among 
plants harms their own development. 
 
 
Intra- and inter-specific interference of A. viridis 
 
When analyzing the height of A viridis plants coexisting 
with pepper (Table 8), it is observed that the control (a 
single slender amaranth plant in the experimental unit, 
without pepper) differed from the other treatments from 
45 DAT. It was also verified that from 60 DAT, the density 
caused a decrease in weed height, which reached up to 
28% at 12 plants m

-2
. 

The same behavior was observed in relation to the 
stem diameter (Table 9), in which significant differences 
were observed from 45 DAT between the treatments and 
the control. It can be verified that with the increase  of the 

density of plants in coexistence with the pepper crop, 
there was a decrease in the diameter, but the distance 
between the plants did not show differences. 

Regarding the dry mass of stems and leaves (Table 
10), it was observed that the distance did not cause 
interference in plant growth, while the density gradually 
reduced the dry matter production. With 12 plants m

-2
, the 

reduction in dry mass was 70 and 75% for stem and 
leaves, respectively, for the distances of 5 and 10 cm. 
The same behavior was obtained for the leaf area of the 
plants, with a 35% decrease in the treatment and highest 
density in relation to the control. 

When analyzing the interaction between C. annuum 
and A. lividus plants, Omezine and Silva (2016) verified 
that the dry matter accumulation of A. lividus was 
modified according to the density and the coexisting 
species. The authors observed that the highest dry 
matter accumulation of A. lividus occurred in the 
treatment with four A. lividus plants associated with a 
single C. annuum plant (52.33 g/pot), while the lowest 
accumulation occurred in the treatment with one A. 
lividus plant growing in the presence of one C. annuum 
plant (35.77 g/pot). 

When A. viridis was cultivated alone, that is, only under 
intra-specific interference, the plants showed a significant 
difference in plant height as a function of distance only at 
30 DAT (Table 11), but density was the factor that mostly 
interfered with this parameter of plant growth. 
Notwithstanding, at 75 DAT, only the treatment with the 
highest number of plants differed from the control, with a 
21%   reduction  in  height.  In  the  unfolding  at  30  DAT  
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Table 9. Mean values of stem diameter (mm) of Amaranthus viridis coexisting at two distances and at 
increasing densities with red pepper. 
 

Treatments 15 days 30 days 45 days 60 days 75 days 

Distance (cm) 

5 2.26 5.82 9.32 10.49 14.22 

10 2.37 5.88 9.17 10.47 14.22 
 

Density (plants m
-2

) 

3 2.34 5.97 10.69 a 11.60 a 18.07 a 

6 2.29 5.95 9.13 ab 10.54 ab 14.49 ab 

9 2.31 5.84 8.95 ab 10.11 ab 12.58 b 

12 2.32 5.60 8.22 b 9.65 b 12.05 b 

Control 2.36 6.53 11.61 12.56 17.96 

F Dist 1.96 ns 0.01 ns 0.09 ns 0.00 ns 0.00 ns 

F Dens 0.06 ns 0.20 ns 4.14* 2.92 ns 5.94** 

F DistxDens 0.72 ns 1.19 ns 1.21 ns 1.55 ns 0.40 ns 

F test x Fac 0.13 ns 1.43 ns 9.58** 8.06** 5.00* 

CV% 10.06 18.48 15.17 12.91 21.57 
 

Means followed by the same letter in the column do not differ from each other by the Tukey test at 5%, *: 
significant at 5% by the F-test, **: significant at 1% by the F-test; ns, non-significant. 

 
 
 

Table 10. Mean values for dry mass of stem and leaves and leaf area of Amaranthus viridis coexisting at two distances and at 
increasing densities with red pepper. 
 

Treatments DM stem (g plant
-1

) DM leaves (cm
2 

plant
-1

) Leaf area (cm
2 

plant
-1

) 

Distance (cm) 

5 81.99 27.71 343.99 

10 85.48 27.81 320.65 
 

Density (plants m
-2

) 

3 149.87 a 49.40 a 401.61 a 

6 77.78 b 27.98 b 353.58 ab 

9 59.83 b 18.90 c 311.11 ab 

12 47.47 b 14.76 c 262.97 b 

Control 159.18 59.81 406.82 

F Dist 0.17 ns 0.00 ns 0.79 ns 

F Dens 29.10** 62.77** 5.08** 

F DistxDens 0.87 ns 0.51 ns 0.28 ns 

F Test x Fac 35.08** 120.04** 3.57 ns 

CV% 26.07 17.61 21.82 
 

Means followed by the same letter in the column do not differ from each other by the Tukey test at 5%, *: significant at 5% by the F-
test, **: significant at 1% by the F-test; ns, non-significant. 

 
 
 

(Table 12), it is observed that when the density is 12 
plants m

-2
, the distance does not interfere with the plant 

response; instead, the number of competing individuals 
plays a key role. An important factor in the competition 
between plants is the availability of resources in the 
environment, in which the absence of a resource can 
cause  reduction   in   biomass   accumulation   and  yield 

(Pitelli, 2014). 
As for the diameter under these conditions (Table 13), 

plant density interferes with plants at 45 DAT; at 75 DAT, 
the reductions reached up to 27.5% in the treatments 
with 6 and 9 plants m

-2
, and 45% in the treatment with 12 

m
-2

 plants. 
Regarding  the  dry  mass of stems and leaves and leaf  
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Table 11. Mean values of height (cm) of Amaranthus viridis coexisting at two distances and at 
increasing densities. 
 

Treatments 15 days 30 days 45 days 60 days 75 days 

Distance (cm) 

5 3.52 17.51 a 43.24 64.74 71.68 

10 3.48 14.06 b 39.58 59.19 66.95 
 

Density (plants m
-2

) 

6 3.13 b 15.15 44.70 a 69.97 a 78.41 a 

9 3.51 ab 16.91 42.49 ab 62.25 ab 72.29 a 

12 3.87 a 15.29 37.05 b 53.67 b 57.25 b 

Control 3.93 15.75 44.38 69.13 72.75 

F Dist 0.04 ns 5.19* 4.25 ns 1.35 ns 1.02 ns 

F Dens 3.65* 0.55 ns 6.54** 3.88* 7.24** 

F DistxDens 0.46 ns 0.20 ns 9.09** 0.51 ns 0.33 ns 

F test x Fac 2.07 ns 0.00 ns 1.59 ns 1.28 ns 0.31 ns 

CV% 15.25 23.55 10.41 18.60 16.40 
 

Means followed by the same letter in the column do not differ from each other by the Tukey test at 5%, *: 
significant at 5% by the F-test, **: significant at 1% by the F-test; ns, non-significant. 

 
 
 
area (Table 14), it was verified that the factors differed 
significantly from the control, and that the greatest 
influence in the coexistence of plants is due to density: 
the higher the plant density, the smaller the results 
obtained for the three parameters. When analyzing the 
lowest and the highest density (6 and 12 plants m

-2
, 

respectively), the reductions were 53 and 78% for dry 
mass of stems; 47 and 71% for dry mass of leaves; and 
21 and 45% for leaf area, respectively. 

According to Omezine and Silva (2016), for the species 
A. lividus, intra-specific competition may be more 
important than inter-specific competition, since they 
verified that the accumulated dry matter of this species 
decreased when there was an increase in its density, in 
the same way as the total plot dry matter (C. annuum + 
A. lividus) decreased with increasing density of A. lividus. 
Magro et al. (2011), in turn, found that Cyperus difformis 
biotypes are more sensitive to coexistence with rice 
plants (Oryza sativa) than with plants of the same 
species, that is, inter-specific competition is more 
important. In contrast, for the rice crop, intra-specific 
competition was more important. 

The results indicate that the factor density caused 
greater damage to the growth and development of both 
pepper and A. viridis plants, due to morphological 
changes in the plants of both species and a decrease in 
the production of pepper. The distance between plants 
did not prove to be a significant factor in the coexistence 
of plants. The increase in the density of A. viridis, mainly 
with 12 plants m

-2
, caused a reduction in stem diameter, 

leaf area, and in the number and mass of pepper fruits, 
besides causing plant etiolation; it also led to a  reduction 

in height, stem diameter, leaf area, and dry mass of 
leaves of A. viridis. 
 
 
CONFLICT OF INTERESTS 
 
The authors declare that they have no conflict of interest. 
 
 
REFERENCES 
 
Amador-Ramirez MD (2002). Critical period of weed control in 

transplanted chilli pepper. Weed Research 42(3):20-209.  
Barroso AAM, Yamauti MS, Nepomuceno MP, Alves PLCA (2012). 

Efeito da densidade e da distância de caruru-de-mancha e 
amendoim-bravo na cultura do feijoeiro. Planta Daninha 30:47-53.  

Bezerra FT, Dutra AS, Bezerra MAF, Oliveira Filho AF, Barros GL 
(2014). Comportamento vegetativo e produtividade de girassol em 
função do arranjo espacial das plantas. Revista Ciência Agronômica 
45:335-343. 

Bianchi MA, Fleck NG, Lamego FP (2006). Proporção entre plantas de 
soja e plantas competidoras e as relações de interferência mútua. 
Ciência Rural 36(5):1380-1387.  

Carvalho SJP, Christoffoleti PJ (2008). Competition of Amaranthus 
species with dry bean plants. Scientia Agricola 65(3):239-245.  

Christoffoleti PJ, Victoria Filho R (1996). Efeitos da densidade e 
proporção de plantas de milho (Zea mays L.) e caruru (Amaranthus 
retroflexus L.) em competição. Planta Daninha 14:42-47. 

Constantin J, Machado MH, Cavalieri SD, Oliveira Jr RS, Rios FA, Roso 
AC (2008). Influência do glyphosate na dessecação de capim-
braquiária e sobre o desenvolvimento inicial da cultura do milho. 
Planta Daninha 26(3):627-636.  

Dousseaun S, Alvarenga AA, Santos MO, Arantes LO (2007). Influência 
de diferentes condições de sombreamento sobre o crescimento de 
Tapirira guianensis Alb. Revista Brasileira de Biociências 5(2):477-
479. 

Eure PM, Culpepperhttps AS (2017). Bell pepper and weed response to 
dimethyl  disulfide  plus  chloropicrin   and  herbicide  systems.  Weed  



 
 
2172        Afr. J. Agric. Res. 
 
 
 

Technology 31(5):694-700.  
Franco MAS, Dillenburgl LR (2007). Ajustes morfológicos e fisiológicos 

em plantas jovens de Araucaria angustifolia (Bertol.) em resposta ao 
sombreamento. Hoehnea 34:135-144. 

Filgueira FAR (2008). Novo manual de olericultura: agrotecnologia 
moderna na produção e comercialização de hortaliças. Viçosa: 
Editora da UFV. 421 p. 

Lima JD, Silva BMS, Moraes WS, Dantas VAV, Almeida CC (2008). 
Efeitos da luminosidade no crescimento de mudas de Caesalpinia 
ferrea Mart. ex Tul. (Leguminosae, Caesalpinoideae). Acta 
Amazônica 38(1):5-10.  

Lorenzi H (2000). Plantas Daninhas do Brasil: Terrestres, aquáticas, 
parasitas e tóxicas. Nova Odessa: Instituto Plantarum 608p. 

Magro TD, Shaedler CE, Fontana LC, Agostinetto D, Vargas L (2011). 
Habilidade competitiva entre biótipos de Cyperus difformis L. 
resistente ou suscetível a herbicidas inibidores de ALS e destes com 
arroz irrigado. Bragantia 70(2):294-301.  

Marcolini LW, Carvalho LB, Cruz MB, Alves PLCA, Cecílio Filho AB 
(2010). Interferência de caruru-de-mancha sobre características de 
crescimento e produção da beterraba. Planta Daninha 28(1):41-46.  

Omezine A, Silva JAT (2016). Competitive ability of Capsicum annuum 
L. relative to the weed Amaranthus lividus L. Journal of Horticultural 
Research 24(1):79-91.  

Paul R, Elmore CD (1984). Weeds and the C4 syndrome. Weeds Today 
15:3-4. 

Paulus D, Valmorbida R, Santin A, Toffoli E, Paulus E (2015). 
Crescimento, produção e qualidade de frutos de pimenta (Capsicum 
annuum) em diferentes espaçamentos. Horticultura Brasileira 
33(1):91-100.  

Pereira FECB, Torres SB, Silva ML, Grangeiros LC, Benedito CP 
(2014). Qualidade fisiológica de sementes de pimenta em função da 
idade e do tempo de repouso pós-colheita dos frutos. Revista 
Ciência Agronômica 45:737-744. 

Pitelli RA (2014). Competição entre Plantas Daninhas e Plantas 
Cultivadas. In: Aspectos da Biologia e Manejo de Plantas Daninhas 
(ed. by Monquero PA). Rima, São Carlos pp. 61-82. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
Rigoli RP, Agostinetto D, Schaedler CE, Dal Magro T, Tironi S (2008). 

Habilidade competitiva relativa do trigo (Triticum aestivum) em 
convivência com azevém (Lolium multiflorum) ou nabo (Raphanus 
raphanistrum). Planta Daninha 26(1):93-100.  

Robinson DE, McNaughton K, Soltani N (2008). Weed management in 
transplanted bell pepper (Capsicum annuum) with pre-transplant tank 
mixes of sulfentrazone, s-metolachlor, and dimethenamid-p. 
Hortscience 43(5):1492-1494. 

Rufino JLS, Penteado DCS (2006). Importância econômica, perspectiva 
e potencialidades no mercado para pimenta. Informe Agropecuário 
27:7-15. 

Silva FJ, Hisatugo EY, Souza JP (2016). Efeito da luz na germinação e 
desenvolvimento de plântulas de pinhão-manso (Jatropha curcas L.) 
de distintas procedências. Hoehnea 43(2):195-202.  

Van Raij B, Cantarella H, Quaggio JA, Furlani AMC (1997). Boletim 
Técnico 100 – Recomendações de adubação e calagem para o 
Estado de São Paulo. Campinas: Instituto Agronômico/Fundação 
IAC. 258 p. 

 
 
 
 
 
 
 
 
 



 

 

 

Vol. 13(40), pp. 2173-2182, 4 October, 2018 

DOI: 10.5897/AJAR2018.13252 

Article  Number: 56D073758729 

ISSN: 1991-637X 

Copyright ©2018 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJAR 

 

 
African Journal of Agricultural  

Research 

 
 
 
 

Full Length Research Paper 

 

Pasture quality of Panicum maximum cv. Tanzania 
subjected to different rest periods for milk production 

 

Alberto Chambela Neto1, José Fernando Coelho da Silva2, Bruno Borges Deminicis3*, Ismail 
Ramalho Haddade1, Gustavo Haddad Souza Vieira1, Leonardo Barros Dobbss4  

and Thiago Lopes Rosado1 

 
1
Federal Institute of Education, Science and Technology of Espírito Santo, Santa Teresa-ES, Brazil. 

2
Laboratory of Animal Science and Animal Nutrition, State University of Northern Fluminense, Campos dos Goytacazes-

RJ, Brazil. 
3
Center of Agroforestry Technologies, Federal University of Southern Bahia, Ilhéus-BA, Brazil 

4
Institute of Agrarian Sciences, Federal University of Jequitinhonha and Mucuri Valleys, Unaí-MG, Brazil. 

 
Received 17 May, 2018; Accepted 21 August, 2018 

 

The objective of this study was to evaluate the effect of two defoliation intervals on the morphological 
characteristics of the experimental group. Chemical composition characteristics of a Tanzania grass 
pasture (Panicum maximum) and the performance of crossbred cows on intermittent grazing were 
examined. The digestibility of the dry matter, the digestibility of the organic matter fibrous, the 
voluntary dry matter intake and the voluntary intake of the organic matter fibrous were also determined. 
Milk production of cows was obtained in two daily milks. The levels of fat, protein, lactose, liquid energy 
and total milk solids were also quantified. The treatments consisted of evaluations of two pasture 
management strategies: 95% interception of photosynthetically active radiation and pasture managed 
with 30 days of defoliation interval. The study thus revealed that management causes differences in the 
chemical composition of Tanzania grass, but does not allow individual productive increases. 
Management based on IL 95% leads to higher milk production per unit area. 
 
Key words: Cattle dung, environmental sustainability, overcoming dormancy, rumen. 

 
 
INTRODUCTION 

 
A balanced, good quality diet is a basic condition for the 
success of dairy farming. Traditionally, national 
production focused on the use of pasture-based 
production systems, with little planning and application of 
technologies, which results in low productivity and higher 
costs. 

Thus, the nutritive value of forages is considered one of 
the most important factors in the evaluation of pastures, 
since it is the first determinant of nutrients necessary to 
meet maintenance requirements, besides having a high 
correlation with animal production; this productive 
response is  related  to  the consumption, digestibility and 
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metabolism of dietary nutrients. From these factors, 
consumption and digestibility should be of importance, 
since 60 to 90% of the variation observed in the intake of 
digestible energy between animals and diets related to 
their differences. 

However, the recommendations of the rotational 
management of pastures are misleading because in 
rotational stocking management, the duration of the 
interval of successive defoliation is the variable that 
determines the recovery of the leaf area index and, 
consequently, maximizes the forage mass production. 

Forage production is a continuous process both in the 
plant (tissue flow) and in the population (considering the 
population density of tillers in the area); however, 
extremely dependent on factors limiting photosynthesis 
(eg temperature, luminosity, light quality), so that in 
intervals of time (although short) there would be 
accumulation of forage (Da Silva et al., 2015). 

Usually, the defoliation interval is determined according 
to chronological criteria such as number of days. 
However, due to variations in plant growth rates and the 
seasonality of forage production, this criterion is not the 
best recommendation. This is probably due to the fact 
that during the lowering period of pastures managed 
under intermittent stocking there is accumulation of 
forage and it is linear and inversely associated with the 
proportion of the leaf area removed (Diavão et al., 2017). 

It is believed that management proposals that respect 
the phenology and physiology of each cultivar could 
promote improvements in productivity indexes and 
perennial pasture. Moreover, defoliation can reduce leaf 
elongation due to damage caused in part of meristems. In 
this sense, the magnitude and rates of removal of these 
structures were determined by the management criteria, 
by the defoliation severity and the stocking density 
(Gastal and Lemaire, 2015). 

Thus, this study aims to evaluate forage quality and 
milk yield and composition of crossbred Holstein x Zebu 
cows in pastures of Panicum maximum cv. Tanzania, 
using two treatments of defoliation with fixed post-grazing 
residue. 
 
 
MATERIALS AND METHODS 

 
Geographic location 

 
The project was conducted at EMBRAPA Gado de Leite, in the 
Experimental field of Coronel Pacheco (CECP), municipality of Coronel 
Pacheco, in the Zona da Mata of the State of Minas Gerais, Brazil. The 
CECP is located at 21° 32` 38`` South latitude and at 43° 15` 10`` West 
longitude and the altitude is 451 m. The climate of the region, according 
to Köppen classification, is mesothermal (Cw), defined as being 
temperate rainy in the summer and with a dry winter between June and 
September. 

The experimental area consisted of four hectares, having 11 pickets 
of approximately 909 m

2
 each. The pasture was fertilized with 220 

kg.ha
-1
.year

-1
 of N and K2O and 55 kg.ha

-1
.year

-1 
of P2O5. The 

distribution of fertilization was made when the animals changed  pickets  

 
 
 
 
during the grazing cycles, so that nutrients were supplied at all pickets 
when the pasture presented the same physiological age (one day after 
grazing or post-weighed according to the smallest cycles under IL95% 
treatment). Thus, about 3.7 kg.picket

-1
.cycle

-1
 of N and K2O and 0.9 

kg.picket
-1
.cycle

-1
 of P2O5 were supplied in the commercial formula 

20:05:20. 
Ten freshly bred cows (Holstein x Zebu) were used per treatment, 

which were composed of one pasture with three years of grazing and 
another three months before the beginning of the experiment. 

The distribution of the cows per repetition occurred according to milk 
production, number of lactations, live weight and genetic group, so that 
the groups were homogeneous. Cows were supplemented with 2 
kg.day

-1
 of corn meal during the experimental period and a supply of 

minerals was given ad libitum. The nutritional value of the corn meal 
was 86.08% of dry matter (DM), 6.63% of crude protein (CP) and 9.77% 
of neutral detergent fiber (NDF). The cows milked daily, at 06:30 am 
and at 02:30 pm, without the presence of calves in mechanical milking, 
and the picket exchange, when scheduled, was performed after the 
milking of the morning. 

The treatments consisted of evaluations of two management 
strategies in pastures of P. maximum cv. Tanzania: (1) IL95 entry of the 
animals in the pickets when pasture reached 95% light interception (IL) 
with three days of picket occupation and (2) FIXED pasture managed 
with 30 days of defoliation interval (ID) and three days occupancy of the 
picket. In the IL95 treatment, there were three extra pickets, aiming to 
adjust the IL in the different grazing cycles, since the ID could be 
shorter or longer than 30 days, depending on the IL. 

However, depending on the climatic conditions, the ID observed in 
IL95 was always less than or equal to 30 days. The pastures, in the two 
treatments, before the beginning of data collection, managed picket 
picking to establish the heights of the post-grazing residue of 30 cm. 
This management consisted of mechanical roughing with costal 
trimmer, which allowed forming an age gradient of the plants in each 
picket. Thereafter, picket management in the IL95 treatment followed 
this criterion, while the FIXED treatment pickets were managed with 30 
days of ID and three days of picket occupation, regardless of the 95% 
IL, of the forage mass and of the height of the residue, throughout the 
experimental period. 

The interception of light by forage canopy was monitored in the pre-
grazing condition and during the period from January to May every 
seven days; when the IL was near to the 95% target, the monitoring 
frequency changed totwo days. A variation of ± 2% was considered as 
criterion of entry of the animals in the pickets due to the little variation 
observed in the forage mass of the picket. For IL evaluations, a canopy 
analyzer was used - AccuPAR Linear PAR / LAI ceptometer, Model 
PAR-80 (Decagon Devices), with which readings were taken at 10 
points of the picket Carnevalli et al. (2006). 

The total forage biomass under pre-grazing condition was estimated 
using a metallic frame with an area equal to 1 m

2
 at five points 

representing the average canopy height in each picket. The material 
contained in each square was cut at ground level (5 cm) and weighed. 

The height of the canopy was determined in the pre and post-grazing 
periods, using a ruler graduated in centimeters, being measured 20 
random points per picket. 

To obtain representative samples of the diet (extrusa), two animals 
were used. They were fistulated in the esophagus, according to the 
technique described by Bishop et al. (1970). Extrusa samples were 
collected in all grazing cycles and submitted to pre-drying; the dry 
matter (DM), mineral matter (MM), crude fat (CF) and crude protein 
(CP) were quantified according to AOAC (1990); neutral detergent 
insoluble protein (NDIP), acid detergent insoluble protein (ADIP), lignin 
(LIG), and fibrous organic matter (FOM) were quantified according to 
Detmann (2012). Carbohydrates were divided into fractions: non-fibrous 
carbohydrates (NFC) and fibrous carbohydrates (FC), and were 
determined according to Sniffen et al. (1992). 

For estimation of the voluntary intake and digestibility, the 20 Holstein 
x Zebu cows from the experiment were used. The fecal production was 
estimated using chromic oxide (Cr2O3) as an external indicator. Five 
grams of Cr2O3 were given orally in pellet form, to each animal, twice a 
day  at   intervals  of   approximately  12 h,  during   12 days.  From   the  
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Table 1. Average yield of biomass (T of DM.ha-1) and mean height (m) of Tanzania grass in pre-grazing condition. 
 

Treatment Cycle 1 Cycle 2 Cycle 3 Cycle 4 p-value (Cycle) 

Average yield of biomass 

IL95 2.04
b
 3.27

ab
 4.99

a
 2.84

ab
 0.008 

FIXED 3.02
b
 4.55

ab
 5.65

a
 2.81

ab
 0.006 

P-value (Treatment) 0.328 0.214 0.506 0.975 CV%= 23.42 

      

Mean Height 

IL95 0.97
aA

 1.01
aA

 1.02
aB

 0.95
aB

 0.075 

FIXED 1.01
bA

 0.99
abA

 1.08
aA

 1.01
bA

 0.006 

P-value (Treatment) 0.116 0.394 0.025 0.045 CV% = 0.05 
 

*Means followed by the same lowercase letter in the row, within each treatment, and the same capital letter in the column, within 
each cycle, do not differ statistically from each other for α = 0.05. 

 
 
 
seventh day of application, period necessary for stabilization of Cr2O3 in 
the digest, fecal samples were collected manually in the rectal at the 
times of Cr2O3 delivery by the twelfth day. 
At the end of the collection period, composite samples were collected 
from each animal over a period of six days. The composite samples 
were dried and processed for the subsequent laboratory determination 
of the fecal chromium concentration contained by atomic absorption 
spectrophotometry, according to the methodology described by Kimura 
and Miller (1957). 

The effective degradability of the extrusa and the fiber mass present 
in the rumen were evaluated using the gas production technique 
described by Theodorou et al. (1994) and by the interpretation of the 
generated profiles, with chrome as an indicator, performed according to 
Vieira et al. (2008). 

Samples of milk were collected and sent to the Milk Analysis 
Laboratory at EMBRAPA “Gado de Leite”, every 14 days, for 
determinations of protein, fat, lactose and total dry extract. 

The production of milk per area (kg of milk.ha
-1
) were corrected for all 

periods, due to the variation of the area used in the treatments 
according to the management adopted. 

The variables measured in the present study were analyzed by 
means of a mixed model. The parameters were estimated using the 
MIXED procedure of SAS (1999), where the selection of the best model 
was based on the Akaike's information criterion (Akaike, 1974). The 
variance and covariance structures tested were as follows: components 
of variance, composite symmetry, first order auto-regressive 
correlations, Toeplitz structure, as well as unrestricted structure (Littell 
et al., 2006). 
 
 

RESULTS AND DISCUSSION 
 
After calculating the individual probability for each model, 
the results indicated that they were equivalent. Then, the 
model with the lowest Akaike information criterion 
(Akaike, 1974) was prioritized, except for the observed 
values for gross fat - where the best fit was the composite 
symmetry; for all other parameters evaluated, the profile 
that best fit the model used was that of the component of 
variance. 

It is important to report that, depending on the 
treatments adopted, the duration of the cycles between 
grazing varied in the IL95 treatment, being 24, 24, 27 and 
30 days while for the FIXO treatment the cycles lasted 30 
days. 

The biomass production and the height of the pasture 
(Table 1) in the pre-grazing condition had a significant 
effect among the grazing cycles, which shows that under 
these conditions, according to the results observed by 
Carvalho et al. (2001), the different defoliation intervals 
observed along the cycles provided higher biomass 
yields in the treatments. 

The lower production of pasture biomass in Cycle 1 in 
relation to Cycle 3 in both treatments may be due to the 
grazing gradient carried out in the previous month, since 
in this month the areas were mechanically grazed in 
order to standardize a gradient to the beginning of the 
evaluation period. Thus, this period was the only one in 
which it was possible to obtain a post-grazing residue of 
30 cm, and, thus, Cycle 1 was the only one where 
biomass residue did not occur prior to its beginning, 
which may have contributed to these minor values 
observed. In Cycles 2 and 4, no significant difference was 
observed in relation to the other cycles. 

There was no difference in biomass production 
between treatments. The heights of the forage plants in 
the FIXED treatment cycles, in a certain way, followed 
the production of biomass, since in Cycle 3 the highest 
average of heights was verified, being higher than Cycles 
1 and 4 and not differing from Cycle 2. The Cycles 1, 2 
and 4 did not differ from each other. 

Both the biomass production and the height of the 
canopy in the pre-grazing may have been influenced by 
the grazing efficiency of the previous cycle, since, in 
Cycle 2, a higher post-grazing residue and a higher 
pasture height were observed, which gave Cycle 3 
greater amount of dead material that integrated the 
manual samples collected in this cycle. 

Among the treatments, it was observed that in Cycles 1 
and 2 there was no difference in height; however, those 
of Cycles 3 and 4 of the FIXED treatment were higher 
than those observed in IL95. 

Although the intervals of leaves were shorter, they were 
not  sufficient  to  control  the  height  of  the  canopy  that  
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ranged from 0.95 to 1.05 m between grazing cycles. 
Similar responses were observed by Difante et al. (2009) 
and Canto et al. (2013). Thus, grass height may 
compromise forage quality, due to the higher lignin 
content observed in these grazing cycles, and may also 
affect dry matter intake, since, with a higher supply of 
forage, animals can better harvest the crop due to a 
broader grazing horizon (2013). Difante et al. (2009) also 
failed to maintain the forage canopy residue in Tanzania 
grass under intermittent grazing at 30 cm, observing a 
relatively long defoliation interval. That allowed an almost 
complete interception of light, as a result of the selective 
grazing practiced by steers and of its low grazing 
efficiency in a horizon inferior to that defined by the 
height of the stems. 

The average observed in the treatments between 
grazing cycles (50 cm) is almost twice as high as that 
currently considered ideal for Tanzania grass (30 cm), 
and in more extreme periods the residual height was 
close to 60 cm. 

The same effect could have occurred with the Tanzania 
grass in this experiment, since the stocking with five 
cows.ha

-1
 may not have been ideal. In addition, with a low 

grazing pressure exerted on the pasture the animals 
would then have better chance of selecting the food, 
which makes the losses larger and consequently 
increases the residual height of the pasture. 

The dry matter (DM) content of Tanzania grass (mean 
of 150.2 g.kg

-1
 in natural matter) were observed in 

treatments (p = 0.324) and in grazing cycles (p = 0.889). 
Gonzaga Neto et al. (2015) observed higher values for 
DM (mean of 249.2 g.kg

-1
). 

Although the observed levels may be considered low, 
possibly because the samples were extruded, "addition" 
of saliva to the sample could have occurred and 
influenced on the moisture of the material. Similar results 
were observed in the literature (Porto et al., 2009). 

The mineral matter content (MM) is relatively 
unimportant in forage evaluation when fertilization is 
used, since this condition becomes very variable. 
Therefore, since the treatments were the same in both 
situations, no significant difference was observed 
between treatments (p = 0.134) and between grazing 
cycles (p = 0.291), with mean values of 133.2 g.kg

- 1
 in 

the dry matter. Gonzaga Neto et al. (2015) observed 
lower values for MM (mean of 79.7 g.kg

-1
). 

The crude fat fraction (CF) represents the most 
energetic fraction of the food (lipid portion); however, 
because forages generally present very low levels (NRC, 
2001) this component becomes of little relevance for the 
evaluation of the (p = 0.119) and between grazing cycles 
(p = 0.675), with mean values of 24.4 g.kg

-1
 in the dry 

matter. 
The essentiality of the protein for the metabolism of 

maintenance and animal production brings considerable 
importance to  the  analysis  of  crude  protein  content  of  

 
 
 
 
foods. According to Van Soest (1994), 70 g/kg of CP (in 
DM) was needed to guarantee the fermentation of 
structural carbohydrates in the rumen. 

A significant difference was observed in the CP content 
of Tanzania grass, among treatments, in all grazing 
cycles. In Cycles 1, 3 and 4, the IL95 treatment 
presented higher CP values, possibly because this 
treatment presented a greater amount of leaves in 
relation to the treatment with FIXO defoliation interval. In 
Cycle 2 the interpretation of p-value shows that there was 
little evidence of effect (p = 0.042), since the value is 
close to the limit (p = 0.05). 

In the management where the criterion of IL95 was 
adopted, the “extrusa” collected in Cycle 1 presented CP 
content higher than in the other cycles; in Cycle 2, it 
presented a lower CP content than in Cycle 3 and this did 
not differ from Cycle 4. 

In the management where FIXO defoliation interval was 
adopted, the “extrusa” collected in Cycle 1 presented PB 
content higher than in the other cycles. Cycles 2 and 3 
did not differ from each other and both had CP levels 
higher than in Cycle 4. 

These differences were expected since the 
environmental variables have an effect on the physiology 
of the grass. Thus, as one moves from a rainy season to 
a dry season, the decrease in temperature and the 
reduction in nutrient availability, which normally occurs 
under water limitation conditions, may be responsible for 
the decrease in the observed CP content. 

The CP levels of tropical grasses available in the 
literature are variable, since they are influenced by 
factors such as plant age, fertilization, season, soil and 
climate conditions, and defoliation interval. The CP levels 
for Tanzania grass observed by Porto et al. (2009) and 
Fukumoto et al. (2010) are similar to those observed in 
this study. 

Neutral detergent insoluble protein (NDIP) contents are 
important in determining the potentially digestible protein 
(PDP), which is characterized by slow degradation in the 
rumen, as it is associated with the cell wall. This 
potentially digestible fraction (Table 2) was obtained by 
subtracting the ADIP content from the NDIP content. 

There is a small proportion of CP that is insoluble, as it 
is associated with cell wall lignin, tannins and Maillard 
compounds, which are highly resistant to microbial and 
enzymatic degradation, making it little available in the 
digestive process of ruminants. 

In the determination of the protein fractions proposed 
by Sniffen et al. (1992), acid detergent insoluble protein 
(ADIP) corresponds to fraction C, which is insoluble in the 
rumen and indigestible in the gastrointestinal tract. 

The IL95 treatment presented a higher content of PDP 
in Cycle 2, which may have provided a greater supply of 
dietary protein for the animals under this treatment. 
Among grazing cycles, Cycle 4 presented lower levels of 
PDP  than  the  other  cycles,  possibly   due   to   climatic  
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Table 2. Mean crude protein content (g.kg-1 DM) and the potentially digestible protein content (g.kg-1 DM) in Tanzania grass. 
 

Treatment Cycle 1 Cycle 2 Cycle 3 Cycle 4 p-value (Cycle) 

Crude Protein      

IL95 117.6
aA

 97.5
cB

 105.2
bA

 100.0
bcA

 <0.001 

FIXED 111.2
aB

 101.1
bA

 99.7
bB

 89.6
cB

 <0.001 

P-value (Treatment) 0.002 0.042 0.006 <0.001 CV%= 1.43 

 

Potentially Digestible Protein 

IL95 25.3
aA

 26.4
aA

 25.8
aA

 15.4
bA

 0.006 

FIXED 23.1
aA

 20.2
aB

 23.8
aA

 14.1
bA

 <0.001 

P-value (Treatment) 0.331 0.027 0.395 0.549 CV% = 2.08 
 

*Means followed by the same lowercase letter in the row, within each treatment, and the same capital letter in the column, within each cycle, do 
not differ statistically from each other for α = 0.05. 

 
 
 
Table 3. Average content of fibrous organic matter (g.kg-1 MS) and lignin content (g.kg-1 DM) in Tanzania grass. 
 

Treatment Cycle 1 Cycle 2 Cycle 3 Cycle 4 p-value (Cycle) 

Fibrous Organic Matter 

IL95 746.7
aA

 690.6
bA

 717.0
abA

 687.4
bA

 <0.001 

FIXED 718.9
aB

 700.9
aA

 701.3
aA

 704.6
aA

 0.383 

P-values (Treatment) 0.028 0.383 0.191 0.154 CV%= 1.62 

      

Lignin 

IL95 57.1
aA

 66.7
aA

 66.1
aA

 69.3
aB

 0.362 

FIXED 59.9
bA

 79.4
abA

 66.0
abA

 86.7
aA

 0.033 

P-value (Treatment) 0.691 0.172 0.983 0.045 CV% = 6.16 
 

*Means followed by the same lowercase letter in the row, within each treatment, and the same capital letter in the column, within each cycle, do not 
differ statistically from each other for α = 0.05. 

 
 
 

factors - mainly the lower rainfall - and vegetative ones, 
since in this cycle it occurred at the beginning of the 
inflorescence of the pasture and consequent mobilization 
of nutrients for the reproductive process. 

The higher lignin content (Table 3) observed in Cycle 4 
may also have contributed to this lower PDP content. The 
quantification of NDF contents is important because of 
their inverse relation with the voluntary ingestion of 
forage dry matter, because of the ruminal repletion effect, 
as reported by Mertens (1992), and with the net energy 
content of the feed material (Van Soest, 1994).  
The fiber content (fibrous organic matter - FOM) between 
treatments (Table 3) varied only in Cycle 1, although this 
effect was just 3.72% higher in IL95 treatment in relation 
to FIXO treatment, and did not influence the consumption 
of dry matter and fiber. No difference was observed 
between grazing cycles in treatment with FIXO defoliation 
interval. 

In the IL95 treatment, the fiber content varied between 
grazing cycles, with Cycle 1 being about 8% higher than 
Cycles 2 and 4, while the other cycles did not  differ  from  

each other. 
The observed fiber contents can be considered high for 

tropical grasses and are similar to those observed by 
Patês et al. (2008), Porto et al. (2009) and Gonzaga Neto 
et al. (2015), and higher than those observed by 
Fukumoto et al. (2010). 

The lignin content in the IL95 treatment was higher in 
Cycle 4 than in the FIXED treatment, which shows that 
the management adopted did not affect the forage 
lignification process when there was no water stress. 
However, for both treatments, there were occasional 
increases in lignin contents throughout grazing cycles 
(Table 3). 

This is an expected behavior for lignin deposition, since 
the reduction of water content in the environment induces 
the formation of phenolic compounds: p-coumaric and 
ferulic acid that represents the fraction called lignin 
(Nussio et al., 2011). 

The content of lignin in fodder is very variable and as 
its physiological maturation progresses, its lignin content 
increases.   Thus,   similar   contents   were   reported   in  
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Table 4. Mean of total carbohydrate (g.kg-1 DM) and non- fibrous carbohydrate (g.kg-1 DM) in Tanzania grass. 
 

Treatment Cycle 1 Cycle 2 Cycle 3 Cycle 4 p-value (Cycle) 

Total Carbohydrate 

IL95 726.9
A
 772.3

A
 745.9

A
 754.9

A
 0.061 

FIXED 730.9
A
 742.6

A
 690.9

B
 750.7

A
 0.062 

P-value (Treatment) 0.704 0.083 0.019 0.741 CV%= 1.21 

 

Non-Fibrous Carbohydrate 

IL95 137.0
bA

 237.3
aA

 164.8
abA

 174.6
abA

 0.019 

FIXED 161.9
aA

 149.5
aB

 98.1
aB

 88.3
aB

 0.05 

P-value (Treatment) 0.394 0.007 0.033 0.008 CV% = 18.8 
 

*Means followed by the same lowercase letter in the row, within each treatment, and the same capital letter in the column, within each cycle, 
do not differ statistically from each other for α = 0.05. 

 
 
 
management with defoliation interval between 24 and 30 
days (Patês et al., 2008) and higher values were reported 
by Gonzaga Neto et al. (2015). 

Tropical forages, as a rule, present 60 - 80% of their 
carbohydrates as cell wall components (Van Soest, 
1994). The mean contents of total carbohydrates and 
non-fibrous carbohydrates are shown in Table 4. 

It was expected that the carbohydrate content would 
decrease within the months, due to the physiological 
changes that occur in the drought period; however, there 
was no difference in the grazing cycles, even with the 
different biomass productions observed in pre-grazing 
(Table 1). 

Among the treatments, in the IL95 management there 
was a higher total carbohydrate content. It was only in 
Cycle 3, despite the levels of fibrous organic matter and 
lignin (Table 3) observed between the cycles, that they 
did not differ between treatments. 

Higher results were reported by Valente et al. (2010) 
and Gonzaga Neto et al. (2015) for Tanzania grass, in 
the condition of interception of photosynthetically active 
radiation equal to 95%. 
The classification of carbohydrates in structural and non-
structural refers solely to their function performed in 
plants. The structural carbohydrates found in the cell wall 
of plants and are composed of pectin, cellulose and 
hemicellulose. In addition, the structural components also 
include lignin, phenolic complexes and proteins (Mertens, 
1992). 

There was no difference between the treatments 
(p=0.133) and grazing cycles (p=0.225) for the fibrous 
carbohydrate content of Tanzania grass, where mean 
values of 589.3 g.kg

-1
 were observed in the treatments’ 

dry matter. 
Probably, this response is similar to the observed 

behavior of the fibrous organic matter and lignin (Table 
3), due to the reduced range of defoliation applied to 
Tanzania grass in the experimental treatments. This 

indicates that these defoliation intervals do not allow the 
physiological maturation of the fodder, which, 
consequently, was not sufficient to cause thickening of 
the secondary cell wall. The levels reported here are 
lower than those reported by Valente et al. (2010). 

Non-fibrous carbohydrates are located in cell contents 
and are found in higher concentrations in seeds, leaves 
and stems and represent energy reserves used for 
reproduction, growth and survival during periods of stress 
(Mertens, 1992) being degraded faster than fibrous 
carbohydrates, which are constituted of pectin, starch 
and sugars. Gonzaga Neto et al. (2015) reported lower 
values than the IL95 treatment; however, they are 
syllogical to the FIXED treatment. 

Thus, in the analysis of non-fibrous carbohydrates, 
higher levels were observed in the IL95 treatment in 
comparison to the FIXED treatment in grazing Cycles 2, 3 
and 4 (Table 4), for the months of March, April and May. 
Although lower than those recommended by the NRC 
(2001), they are higher than those observed by Valente 
et al. (2010). 

In the individual observations of the treatments, in 
relation to the grazing cycles, no differences in FIXED 
treatment could be observed. However, in the IL95 
treatment, similar behavior to lignin was observed (Table 
3). In other words, where higher lignin levels were 
observed, due to longer maturation periods, the response 
of the cells to low amounts of cell contents were 
observed. 

Factors such as digestibility, vegetation structure and 
stage of development of the plant directly and negatively 
alter forage quality due to changes in its chemical 
composition and consequent increase in the contents of 
structural compounds. Moreover, with a decrease in the 
content, this causes a reduction in voluntary dry matter 
intake due to ruminal repletion effects (Reis and Da Silva 
2011). 

In order to evaluate the dry matter intake (DMI) and  
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Table 5. Mean of voluntary dry matter intake (g DM.kg-1 of live weight) and effective fiber degradability (g.kg-1 DM.h-1) of Tanzania grass. 
 

Treatment Cycle 1 Cycle 2 Cycle 3 Cycle 4 P-value (Cycle) 

Voluntary Dry Matter Intake 

IL95 21.5
a
 23.9

a
 23.7

a
 21.1

a
 0.175 

FIXED 21.0
bc

 24.0
a
 22.0

ab
 18.8

c
 0.019 

P-value (Treatment) 0.989 0.553 0.233 0.139 CV%= 4.38 
 

Effective Fiber Degradability 

IL95 227.3
b
 287.0

a
 288.9

a
 243.2

ab
 0.031 

FIXED 226.9
b
 285.7

a
 291.2

a
 242.6

ab
 0.022 

P-value (Treatment) 0.809 0.953 0.833 0.939 CV% = 13.36 
 

*Means followed by the same lowercase letter in the row, within each treatment, did not differ statistically from each other for α = 0.05. 

 
 
 

fiber intake (FVI), it was initially verified that the average 
live weight of the cows had no effect on the evaluated 
parameters. 

Fiber represents the carbohydrate fraction of food, slow 
or even indigestible (Nussio et al., 2011) and its 
importance comes from its ability to exert a limitation on 
dry matter and energy consumption. 

The DMI (Table 5) did not differ among the treatments 
studied; however, there is a difference between the 
grazing cycles in the treatment with FIXED defoliation 
interval. In Cycle 2, the highest DMI was observed in 
relation to Cycles 1 and 4, but did not differ from Cycle 3. 

These responses probably occurred as a consequence 
of the average production of Tanzania grass biomass in 
pre-grazing, reported in Table 1, since in the cycles 
where there is greater forage availability, the highest DMI 
was also observed. 

Thus, as discussed previously, the grazing efficiency 
that occurred in the previous cycle may have influenced 
the biomass production and the height of the forage 
canopy and, as consequence had an effect on DMI. 

The DMI correlates with dry matter digestibility (DMD), 
because the higher the DMD, the higher the DMI, until 
energy demand is reached. Allison (1985) states that the 
passage of food by the rumen-reticulum increases with 
increasing digestibility, up to a maximum point. Thus, the 
lower the DMD, the longer the retention time of the 
“digesta”, and the consumption limitation due to the 
repletion effect. 

However, despite the DMI evaluation denotes the 
existence effect of grazing cycles, there is no difference 
in the DMD between treatments (p=0.819) and between 
grazing cycles (p=0.588), with an average digestibility of 
495.6 g.kg

-1
 in the dry matter. 

Thus, it could be inferred that, despite the variation in 
the DMI, somehow, there was a compensation by the 
animals in the digestion of the food. Above all, due to the 
mean mass of fiber present in the rumen (4.6 kg), the 
equilibrium condition was similar between treatments (p = 
0,808) and grazing cycles (p = 0.052). 

There was no difference between fiber voluntary intake 
and fiber digestibility between treatments and grazing 
cycles evaluated. 

For fiber voluntary intake, a mean of 12.8 g of FOM.kg
-1

 
of live weight was observed, with p=0.614 for treatments 
and p=0.115 for grazing cycles, while for fiber digestibility 
a mean of 563.2 g.kg 

-1
 of NDF, with p=0.292 for 

treatments and p=0.17 for grazing cycles was observed. 
It is possible that the grazing pressure applied to the 

Tanzania grass modulus was low, which may have 
allowed animals to select their diets composition, favoring 
the selection of more palatable and nutritious parts 
(Oliveira et al., 2007); thus, allowing the diets of the cows 
in both treatments to be similar in their chemical 
composition. 

Thus, no differences were noticed in these variables 
even though differences were observed between forage 
biomass in the pre-grazing condition (Table 1). 

Lignin is the indigestible fraction of fodder and, 
although in animal nutrition there is a high negative 
correlation with the digestibility of the fibrous portion of 
the plants, the levels observed in Table 3 did not 
influence fiber voluntary intake and digestibility. 

No difference was observed in the effective 
degradability of the fiber between the treatments; 
however, variation occurred throughout the grazing 
cycles (Table 5). 

In contrast to that observed by Prado et al. (2004), the 
higher level of cellular content in forage (non-fibrous 
carbohydrates) did not determine the lowest effective 
degradability of same. Probably, where there were lower 
lignin contents, greater effective fiber degradability 
occurred. 

Dias-Salman et al. (2000) and Velásquez et al. (2009) 
reported higher values for effective fiber degradability 
than those observed in this study. 

These answers affirmed that the dynamics and the 
quality of the forage did not change due to the adopted 
management, nor during the grazing cycles, since the 
individual production of the cows was not different from  
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Table 6. Monthly average of milk production (kg milk.ha-1), mean values of protein in milk (g.kg-1 of milk) and lactose in milk (g.kg-1 of milk) 
during experimental period. 
 

Treatment Cycle 1 Cycle 2 Cycle 3 Cycle 4 P-value (Cycle) 

Milk Production      

IL95 2745.0
aA

 2755.2
aA

 1979.2
bA

 1467.1
bA

 < 0.001 

FIXED 2017.8
aB

 1885.8
aB

 1721.8
abA

 1245.4
bA

 0.006 

P-value (Treatment) 0.002 0.001 0.109 0.156 CV% = 23.42 

 

Protein in Milk 

IL95 29.4
b
 28.6

b
 29.6

b
 31.7

a
 0.012 

FIXED 30.5
b
 30.3

b
 28.8

b
 33.4

a
 0.036 

P-value (Treatment) 0.124 0.406 0.457 0.224 CV% = 1.27 

 

Lactose in Milk 

IL95 42.9
a
 43.4

a
 43.9

a
 40.9

b
 0.006 

FIXED 42.4
a
 44.9

a
 43.0

a
 39.1

a
 0.013 

P-value (Treatment) 0.231 0.244 0.198 0.208 CV% = 2.47 
 

*Means followed by the same lowercase letter in the row, within each treatment, did not differ statistically from each other for α = 0.05. 
 
 
 
each other. 

In the literature, it is reported that cows with access to 
water only at milking time have their milk production 
influenced negatively (Rocha, 1993) and that cows kept 
in an environment with temperatures above 25°C present 
reduced milk production (NRC, 2001). Such factors may 
have limited the productions observed in the present 
work. 

Due to variation in the defoliation interval for the IL95 
treatment because of the interception of 
photosynthetically active radiation equal to 95%, it was 
necessary to adjust the milk production observed in this 
treatment to 1 ha in order to match the productivity by 
area. 

Thus, there was difference in mean milk yield (Table 6) 
between treatments and between grazing cycles. Milk 
production in Cycles 1 and 2 for IL95 treatment was 26.5 
and 31.5% higher than for FIXED treatment. This 
difference is probably due to the interval of defoliation 
adopted in FIXED treatment (not indicated for this period 
of the year), since similar individual production was 
obtained in IL95 treatment, but in a reduced area. 

Among the grazing cycles, a similar behavior was 
perceived in both treatments, with decreasing productivity 
along the cycles due to the advancement of the lactation 
period of the cows and with the lower availability and 
lower quality of the forage in the driest periods. 

The production observed in the literature for Tanzania 
grass systems is very variable, although, in general, they 
are punctually smaller (Fukumoto et al., 2010; Santo et 
al., 2005) than those described in this paper. 

There was no difference in any of the components of 
the  milk   evaluated  for  the  experimental  management; 

although, for some variables, grazing cycles were 
delayed. 

The component of the milk that suffers most variation is 
the fat content, since the diet, the productive volume and 
the fiber content in the diet can influence the fat content. 
Fats from bovine milk are characterized as mixed 
triglycerides, with a large proportion of short chain fatty 
acids (C4 - C16), derived from glycerol-3-phosphate, 
derived from the glycolytic pathway or triglyceride 
lipolysis during the uptake of fatty acids by the mammary 
gland. Thus, there was no difference in fat content 
between treatments (p=0.601) and grazing cycles 
(p=0.727) over the experimental period, with mean values 
being 38.5 g.kg

-1
 of milk , similar to those observed by 

Fukumoto et al. (2010) and Porto et al. (2009). 
The term "dry stratum" or "total solids" encompasses all 

components of milk, except water. The total solids 
content did not differ between the treatments (p=0.657) 
and the grazing cycles (p=0.52), with the average levels 
being 120.2 g.kg

-1
 of milk, similar to those observed by 

Fukumoto et al. (2010) and Porto et al. (2009). 
Milk proteins synthesized in the mammary gland from 

amino acids absorbed into the blood, with the casein 
class being the major part of bovine milk proteins. 

There was no difference in the milk protein content 
(Table 6) among the treatments studied; however, there 
was difference throughout the grazing cycles. In Cycle 4, 
higher protein content was recorded in milk in relation to 
the other cycles. These responses are associated with 
the crude protein content of the pasture, since changes in 
the protein intake have a discrete effect on the milk 
composition (Park et al., 2017).  In this way, crude protein 
consumption may have occurred in Cycle 4. 



 

 

 
 
 
 
The levels observed in the literature (Kumoto et al., 2010; 
Porto et al., 2009) corroborate with the levels reported in 
this study. 

There was no effect of the average lactose content 
(Table 6) on cows' milk in the management, but in Cycle 
4, there were lower levels in comparison to the other 
grazing cycles. This trend was observed in the non-
fibrous carbohydrate content (Table 4), which may have 
provided higher amounts of glucose, the only precursor of 
lactose in the mammary glands. 
 
 

Conclusions 
 
The management causes certain differences in the 
chemical composition of Tanzania grass and these do not 
mean individual increases in productivity. Management 
based on the interception of photosynthetically active 
radiation equal to 95% implies greater efficiency in the 
use of the area, that is, higher milk production per unit 
area. 
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Farmers have a detailed local knowledge about different tree species which are either retained or 
planted on their farms. Thus, it is possible to learn from farmers’ observations to enhance 
understanding of local agro-ecological knowledge. This study aimed to investigate coffee growers’ 
local knowledge on shade tree species. The study was conducted at Adola Rede District, in Guji Zone, 
Southern Ethiopia. To address the objectives of this study, necessary data were collected through key 
informant interview and questionnaire survey. A total of 30 key informants and 90 households 
participated in the household interview. The study results revealed that coffee growers preferred shade 
grown coffee plants for better coffee yields, to protect coffee plants from unsuitable environmental 
stress, for soil fertility improvement and for longer life span of coffee plants. Coffee growers also 
encountered wilting and stunted growth of coffee plants, coffee yield reduction, poor soil fertility, less 
coffee stems and branches, besides coffee plants need more management when grown open. In the 
study district, eleven commonly used coffee shade tree species were identified. Based on their criteria 
of suitability identification, coffee growers preferred compatible shade tree species such as Ficus sur, 
Millettia ferruginea, Cordia africana, Albizia gummifera, Croton macrostachyus and Vernonia 
amygdalina, in this order. In the study area, the scale of shade tree species preferences for coffee 
growers varies. However, their main preferences of shade tree characteristics were mainly based on 
shade tree height, crown shape and evergreen or deciduous quality of the shade tree species. Coffee 
growers of the study area managed their owned shade tree species through pruning, thinning, 
pollarding and coppicing tending operations. They practiced various shade tree managements such as 
to cud dead or over grown branches, to collect wood used for various uses and to reduce of the shade 
for coffee plants. Therefore, based on the finding of this study, if the knowledge of local farmers is 
recorded and effectively used with scientific findings, it can provide valuable information that can give 
feedback synergistically to channel the direction of conventional science to meet the needs of local 
people. 
 

Key words: Adola Rede District, coffee growers, local knowledge, coffee shade tree species. 
 
 

INTRODUCTION  
 

Ethiopia is the home and cradle of biodiversity of Arabica 
coffee  seeds   and   more  genetically  diverse  strains  of 

Coffee arabica exist in Ethiopia than anywhere else in the 
world (Bayetta,  2001).  Moreover,  Ethiopia  is the largest 
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producer of coffee in sub-Saharan Africa, fifth largest 
coffee producer in the world, contributing about 7 to 10% 
of total world coffee production (Abu and Tedy, 2013). 
Coffee has economical, environmental as well as social 
significance to the country and 25% of the total 
population of the country depends on coffee production 
(MARD, 2008; FAO, 2012).  

Coffee is the most important source of foreign currency 
for many developing countries and 70% of the world 
coffee is contributed by smallholder farmers who grow 
coffee mostly on farms of less than 5 ha (Mohan and 
Love, 2004). In Ethiopia, estimated numbers of coffee 
growers are 1.3 million and coffee is growing on 662,000 
ha, of which 496,000 ha are estimated to be productive, 
yielding an average of 350,000 tons of coffee beans per 
annum (Agrisystems, 2001; Muleta et al., 2007).  

The major coffee production systems of Ethiopia 
include: forest coffee, semi-forest coffee, garden coffee 
and plantation coffee, which respectively cover 5, 35, 50 
and 10% of the productive coffee area (Aga et al., 2003; 
Mekuria et al., 2004). The forest ecosystem of Ethiopia 
includes forest and semi-forest coffee production that 
occupies nearly 33% of land used for coffee production 
and contributes 25% of the national coffee production 
(Taye, 2009). Accordingly, Ethiopian coffee plants grow 
understory of evergreen natural forest and under 
managed agroforestry systems above 500,000 ha (Aga et 
al., 2003). 

Based on their acquired inherited local knowledge, 
coffee growers had been cultivating coffee plants as an 
important cash crop under the canopy of shade tree 
species (Gole, 2003). They have detailed local 
knowledge about different tree species growing in their 
farm lands. They recognize physical, biological and 
phonological attributes and interactions between tree 
species cover and components of the farm; and this is as 
a result of their experience, acquired and inherited local 
knowledge (Munoz et al., 2001). That is, the longer time 
farmers had worked with trees on their farms or in the 
landscape, the more detailed local knowledge they 
accumulated through experimentation and experience 
(Ruth, 2010).  

Their local knowledge is a part and parcel of 
communities‟ identity that is unique to a culture and 
society. It is embedded in the communities‟ practices, 
institutions, relationships, customs, ethical principles, 
religious beliefs and rituals (WWF, 2013). Local 
knowledge provides a powerful basis from which 
alternative ways of managing resources can be 
developed. Rural communities in a number of developing 
countries use their traditional knowledge to generate 
income, food and health care materials, like traditional 
medicine. Therefore, local knowledge systems also serve 
as a reference when designing any management plan 
(Twarog and Kapoor, 2004).  

The study result of Close and Hall (2005), carried in 
Turkey indicated that, despite heavy reliance on scientific 
knowledge  as   the   primary  source   of   information   in  

 
 
 
 
resource management, many resources are in decline. 
To combat this trend, researchers have been drowning 
upon the knowledge of local resource users as an 
important supplement to scientific knowledge in designing 
and implementing management strategies. Therefore, to 
establish research priorities on promising coffee shade 
tree species in the study district, study of coffee growers‟ 
local knowledge is fundamental as they have considerable 
knowledge about coffee shade tree species which has 
not been documented and utilized. In this regard, 
recording coffee growers‟ local knowledge is vital to 
design systematic plan for sustainable coffee production 
in the study district through combining their inherited local 
knowledge with scientific findings. Therefore, this study 
was conducted (i) to identify coffee growers‟ local 
knowledge on management of coffee shade tree species, 
(ii) to identify coffee growers‟ local knowledge on 
suitability identification of shade trees for coffee plants, 
and (iii) to identify coffee growers‟ local knowledge on 
benefits of shade trees for coffee plants. 
 
 

MATERIALS AND METHODS 
 

Description of the study area 
 
Location 
 
Adola Rede district is located in Guji zone, Oromia Regional State, 
in Southern part of Ethiopia. The absolute location of the district is 
between 5°44'10” - 6°12'38” North latitude and 38°45'10” - 
39°12'37” East longitude (Figure 1). The total area of Adola Rede 
district is 1401 km2 and it is located at 475 km south of Addis Ababa 
(Yazachew and Kasahun, 2011). 
 
 

Soil and topography 
 
The major soil of Adola Rede district is nitosols (red basaltic soils) 
and orthcacrosols. The soil of the study district is dominantly brown. 
The forest area is characterized by a rolling topography and it is 
highly dissected by two main rivers of Genale and Dawa. Moreover, 
it has an elevation ranging from 1500 m above sea level in the 
southern part of the district. Whereas, in the north-western part of 
the district, it has an elevation greater than 2000 m above sea level 
(Yazachew and Kasahun, 2011). 
 
 
Climate 
 
Adola Rede district is characterized by three agro-climatic zones. 
The percentage of coverage of each agro-climatic zone of the 
district is high land 33%, mid-land 47% and low lands 20% 
(Yazachew and Kasahun, 2011). According to the climatic data 
from meteorological station of Adola Rede district, the mean annual 
maximum and minimum temperature of the study district is 23 and 
16°C, respectively. The study district has bimodal rainy seasons, 
summer from June to November and spring from March to May.   
 
 

Vegetation 
 
Adola Rede district is enriched with both high natural forest 
resources and plantation forests. The natural vegetation of the 
Adola  Rede district is over 50,000 ha. In the study district, Wadera,

http://en.wikipedia.org/w/index.php?title=Wadara_Forest&action=edit&redlink=1
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Figure 1. A map showing the study site (Yazachew and Kasahun 2011). 
 
 
 
Zenbaba and Anferara forests are identified as the dominant forest 
coverage of the study district (Yazachew and Kasahun, 2011). 
 
 
Socioeconomic characteristics 
 
The total population of Adola Rede district is 583,816. From the 
total area of Adola Rede district, 33% is cultivation land, 30% is 
pasture land, 20% is forest land, and 17% is swampy or degraded 
land (CSA, 2008). The livelihood of majority of the inhabitants in the 
study area is mixed farming, coffee production and semi-nomadic 
economic activities (CSA, 2008). 
 
 
Data collection methods 
 
The various data collection tools employed were key informant 
interview to collect mainly qualitative information. The household 
survey was used to collect mainly detailed quantitative data about 
coffee growers‟ local knowledge on benefits, suitability identification 
and management of coffee shade tree species from the sampled 
households. 
 
 
Selection of sample households 
 
In this study, a household is defined as a basic unit of production 
and consumption, made up of the persons who have common fields 
and live under one central decision-maker. There are several 
approaches used to determine the sample size of households. 
These include using a census for small populations, imitating a 
sample size of similar studies, using published tables and applying 
formulas to calculate a sample size (Israel, 2012). This study 
applied the simplified formula developed by Yamane (1967) and 
reviewed by Israel (2012). 
 

 
 
where „n‟ is the sample size, „N‟ is the population size and „e‟  is  the 

level of precision.  
For this study, to determine the required sample size at 90% 

confidence interval, a ±10% precision level was used and a total of 
90 respondents were randomly selected for the questionnaire 
interview from the two study kebeles.  
 
 
Site selection for the study 
  
Primarily, the study district was selected purposively based on the 
availability of coffee shade tree species and based on probability of 
coffee production. There are 10 kebeles in the study district known 
for major shaded coffee production and two were randomly 
selected for the study. 
 
 
Selection of key informants 
 
Key informants in this study are persons who are knowledgeable 
about coffee shade trees, experienced in growing coffee plants 
under storey of different shade trees and who have always lived in 
the village and for a long time. The selection of key informants was 
done using the snowball method. During key informants‟ selection, 
in each village at least five farmers were asked to identify and give 
names of six key informants. Then the identified key informants 
were ranked and the most frequently appeared top five persons 
were assigned as key informants. Finally, a total of 30 key 
informants were selected and used for the study. 

 
 
Data analysis 

 
The collected data from the questionnaires of household interview 
responses were coded and entered into Microsoft Office Excel 
sheet. Data were grouped and summed by response category on 
the data sheet. After organizing the data on Microsoft Office Excel, 
the analysis was performed using Statistical Package for Social 
Science version 20 for windows (IBM SPSS Inc, USA) software. 
Descriptive statistics was used to show farmers‟ local knowledge on 
benefits of shade trees for coffee plants, farmers‟ local knowledge 
on suitability  identification  of  shade  trees  for  coffee  plants,  and  

http://en.wikipedia.org/wiki/Forestry_in_Ethiopia
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farmers‟ local knowledge on management of coffee shade trees 
either retained or planted on their landscape.  

 
 
RESULTS AND DISCUSSION 
 
Coffee growers’ local knowledge on management of 
coffee shade tree species 
 
Coffee growers’ source of shade tree planting 
material 
 
In addition to naturally grown shade tree species, planting 
of different shade tree species is widely practiced in the 
study district. Coffee growers‟ in the study site mentioned 
several source of shade tree planting material. Of all the 
respondents, 34.44 and 17.77% of the respondents use 
self established planting material and from neighbor 
farmers, respectively. For about 27.7 and 20% of the 
respondents, source of shade tree planting materials 
were from natural forest of the area and government 
nursery respectively (Table 5). Both key informants and 
sampled households confirmed that, farmers‟ have the 
trend of collecting naturally regenerated shade tree 
species from natural forest and transplanted on their 
coffee farms. Commonly, they collect seedling of Cordia 
africana, Millettia ferruginea, Ficus sur, Croton 
macrostachyus and Albizia gummifera shade tree 
species from natural forest and transplant to their coffee 
farms. 
 
 
Tending of shade tree for coffee plants 
 
Coffee growers‟ at the study site have good experience 
on management of shade tree species through different 
tending operations. However, the scale of shade tree 
species managements of coffee growers‟ of the study 
district varies. For example, about 83% of the 
respondents have their own experience on tending of 
shade tree for coffee plants that consider thinning, 
pruning, pollarding and coppicing tending operations. 
However, the remaining 7% of the respondent 
households did not apply different tending operations for 
their owned shade tree species. 

At the study district, 21.6% of the respondents use 
thinning operation for densely grown naturally 
regenerated shade tree species. It is well recognized that 
shade trees in the natural forest are characterized by 
high density, closed canopy cover and cast heavy shade 
on coffee plants. To reduce heavy shade cover on coffee 
plants, to minimize competition between shade tree and 
coffee plants and to create good conducive environment 
for coffee plants, farmers employed thinning operation 
(Table 6). Consistent with this study findings is Mesele 
(2007) who indicated in his study that farmers‟ in Gedio 
zone, Southern Ethiopia practiced thinning operation, 
when   crowns  of  different  more  adjacent  tree  species  

 
 
 
 
started to close and create heavy shade on under storey 
crops. Moreover, Regina et al. (2012), on their study 
finding indicated that, in southern Bahia, Brazil, to 
minimize negative effect of shade tree species on 
understory cacao trees, cacao growers‟ deliberately 
reduced densely grown over storey of cacao trees 
through thinning management practice.  

In the study site, majority (50.7%) of the respondents 
apply pruning of shade trees when their canopy cover 
closed and cast heavy shade on coffee plants and collect 
wood used for various purposes. Moreover, when they 
need shade trees for timber production, they usually 
practice pruning to reduce shade tree branches for a 
better growth (Table 6). The finding of this study is 
supported with previous findings of Motuma (2006) and 
Getahun et al. (2014). According to their study findings, 
farmers‟ in Arsi Negelle district, East Arsi zone and Ginbo 
district, South West Ethiopia practiced pruning of 
indigenous woody species and coffee shade trees to 
reduce the effect of shade on understory crops, to get 
other additional benefits and to improve production of 
under storey crops. About 15.7 and 12% of the 
respondents employed coppicing and pollarding 
operation for their owned different shade tree species, 
respectively (Table 6). According to the respondents, 
they are employing coppicing operation during harvesting 
time of shade trees for various purposes for instance for 
timber and construction value. In the study site, farmers 
commonly use pollarding at summer time to reduce effect 
of shade on understory crops mainly growing with shade 
trees. This idea is also supported by key informants. 
 
 
Coffee growers’ local knowledge on suitability 
identification of shade tree species 
 

Coffee growers’ selection criteria of compatible 
shade trees with coffee plants 
 

In the study district, 11 shade tree species commonly 
used to shade coffee plants were identified. However, the 
frequency occurrence of shade tree species were quite 
different among respondents coffee farms/fields and 
some shade tree species were more frequently retained 
than others (Figure 2). Among shade tree species 
commonly used to shade coffee plants in the study 
district, M. ferruginea, C. africana and C. macrostachyus 
were the top ranking three shade tree species recorded 
on coffee farms/fields of 75% of the respondents (Figure 
2). 

As shown in Table 3, at the study site, coffee growers‟ 
select compatible shade tree species with coffee plants 
using different criteria. Accordingly, about 37.8% of the 
respondents use better coffee yields under a shade tree 
as a criteria and 24.4% of the respondents use fast 
growing ability of coffee plants under a shade tree  as a 
selection criteria. Moreover, about 19% of the 
respondents  use  fast  decomposition  rate  of shade tree  
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Figure 2. Frequency of the shade tree species commonly used for shading coffee plants in farmers‟ fields of the 
study district.  

 
 
 

litter fall and the other 19% of the respondents use fast 
growing ability of a shade trees as a selection criteria. 
This is in agreement with opinion of key informants.  

Therefore, farmers at the study site have profound 
knowledge on preferences of compatible shade tree 
species with coffee plants. From commonly used shade 
tree species in the study district, F. sur, M. ferruginea, C. 
africana, A. gummifera, C. macrostachyus and Vernonia 
amygdalina were among listed preferred compatible 
shade tree species with coffee plants. The finding of this 
study is relatively similar with the study result of Ashenafi 
et al. (2014). Their study findings indicated that, in South 
Ethiopia, farmers preferred compatible shade tree 
species such as M. ferruginea, C. africana, E. abyssinica, 
F. sur and G. robustar, respectively. Contrary, the finding 
of this study is different from Ashenafi et al. (2014) on 
farmers‟ selection criteria of compatible shade tree 
species, except similarity on fast growing ability of shade 
tree species. From their observation, Ashenafi et al. 
(2014) indicated that coffee growing farmers‟ means of 
compatible shade tree species selection criteria was 
based on fast growth rate of shade tree, less 
competitiveness of shade tree with coffee plants, good 
light interception and adaptive nature of shade tree 
species.   
 
 
Coffee growers’ preferences of coffee shade tree 
species characteristics 
 
At the study site, the scale of shade tree species 
preferences of respondents varied. For example, about 
89% of the respondents have their own preferences of 
shade tree characteristics that consider shade tree 
height, crown  shape, evergreen  or deciduous  quality  of 

the shade tree species. 
In terms of height, majority (71.3%) of the respondents 

prefer longer shade tree species on their coffee farms 
(Table 4). Longer shade trees are preferred for timber 
production and construction value, since they provide 
adequate sun light to coffee plants and for bee keeping. 
Similar to this study finding, Albertin and Nair (2004) and 
Soto-Pinto et al. (2007), on their study findings indicated 
that coffee farmers‟ at the northern Tzeltal zone of the 
state of Chiapas, Mexico and in Nicoya Peninsula, Costa 
Rica, prefer longer shade tree species on their coffee 
farms. However, their findings did not indicate the reason 
for coffee growing farmers‟ prefer longer shade tree.  

On the other hand, about 16.2% of the respondents 
prefer shorter shade tree species. Shorter shade trees 
are suitable for different management and damage to 
coffee plants from different tending operation is less. The 
finding of this study is supported with a study of Albertin 
and Nair (2004) and Samuel (2012). On their study, 
findings showed that, in Nicoya Peninsula, Costa Rica 
and in Ghana, Ejisu-Juaben district, farmers‟ main reason 
for preferences of shorter shade trees consisted of 
droplets from shorter shade trees which causes less 
erosion than taller shade trees and management is easier 
for shorter shade tree. Whereas, 12.5% of the 
respondents prefer combination of both shorter and 
longer shade tree species (Table 4). They indicated that, 
when longer mature shade trees are harvested to give 
various uses, the remaining shorter shade tree species 
provide shade for coffee plants.  

In terms of coffee shade trees crown shape, majority 
(78.8%) of the respondents believe that spreading crown 
coffee shade trees are more suitable than narrow crown 
shade tree. The main reasons of their preferences 
include when shade  trees  are  sparsely retained on their 
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Table 1. Respondent households (n=90) and their opinion on the benefits of shade trees for under canopy coffee plants. 
 

Benefits of shade trees to coffee plants 
Study kebeles and number of respondents 

Anferara Dande Frequency (f) Percentage 

Protect coffee plants from adverse environmental stress 11 18 29 32.2 

Soil fertility status under coffee plants improved 11 8 19 21.1 

Better coffee yields 13 9 22 24.4 

Longer life span of coffee plants 9 11 20 22.3 
 

Source: From Survey Result (2014/2015). 
 
 
 

coffee farms, spreading crown provides adequate shade 
to coffee plants and is easier to manage as well as 
suitable for bee keeping (Table 4). The finding of this 
study is strengthened with studies of Albertin (2002) and 
Albertin and Nair (2004). They indicated in their study, 
coffee growers in Peninsula of Nicoya, Costa Rica prefer 
spreading crown shade trees since they provide better 
shade to coffee plants and for good management 
practice of the shade tree. On the other hand, about 
21.2% of the respondents prefer shade tree species with 
narrow crown, since they need to have more diverse 
shade tree species on their small size of coffee farms. 

As shown in Table 4, 50% of the respondents‟ 
preferred evergreen shade tree species on their coffee 
farms. Evergreen shade trees are preferred to provide 
animal fodder during long dry season and crucial to 
protect coffee plants from extreme sun light throughout 
the year. In line with this finding, Albertin and Nair (2004), 
Diriba et al. (2011) and Samuel (2012) on their study 
results indicated that, farmers in Costa Rica, South 
Western Ethiopia, and in Ghana, Ejisu-Juaben district, 
respectively preferred evergreen shade trees above 
deciduous ones because the shade is obligatory for 
coffee plants in the dry season. 

Of all the respondents, 23.8% of households preferred 
deciduous shade tree species mainly for nutrient cycling 
through litter fall. Consistent with this study, Beer (1987) 
and Ashenafi et al. (2014) on their study findings 
indicated that coffee farmers only consider deciduous 
quality of shade tree species and do not consider 
evergreen nature of the shade trees to be a critical 
preference. In general, about 26.2% of the respondents 
preferred both deciduous and evergreen shade tree 
species (Table 4). According to both key informants and 
sampled households, during deciduous shade tree 
species shedding their litter fall, the remaining evergreen 
shade tree species could protect coffee plants from 
inappropriate environmental stress. 
 
 
Coffee growers’ local knowledge on benefits of 
shade trees for coffee plants 
 
At study district the benefits of coffee shade trees are 
well  recognized   by   respondents.  As  a  result,  all  the 

respondents considered shade trees as a prerequisite for 
coffee production. About 32.2% of the respondents 
suggested that shade trees are so important to protect 
coffee plants from adverse environmental stress such as 
extreme sun light, frost, hail and surplus wind speed 
(Table 1). According to respondents, shade trees are vital 
to protect the new planted coffee seedlings from 
undesirable environmental stress that make them wilted 
and growth stunted. Moreover, shade trees protect coffee 
plants from adverse climate conditions during their 
flowering and fruiting stage. This idea is also supported 
by key informants. The finding of this study is 
strengthened with previous studies of Albertin and Nair 
(2004), Claudia (2010), Santos et al. (2012) and Adugna 
and Paul (2014). Their study findings note that, shade 
trees improve the climate for coffee plants by buffering 
temperature extremes in the air and soil and by reducing 
wind velocity in coffee plantations. 

As shown in Table 1, benefits of shade tree include 
better coffee yields (24.4% HHs) and enhancing soil 
fertility under their canopy by 21.1% of the respondents. 
According to both key informants and respondent 
households, better coffee yields obtained from shade 
grown coffee plants due to leaf litter and pruning of shade 
tree decomposing and maintain soil fertility under coffee 
plants. Moreover, shade grown coffee plants are 
protected from adverse environmental stress. As a result, 
coffee plants grow healthy, flower in time and produce 
better coffee yields. Similar to this study finding, Soto-
Pinto (2000), Diriba et al. (2011), Robert (2011) and 
Ashenafi et al. (2014) found out that shade trees have a 
positive effect on coffee plants and better coffee yields 
are obtained from under shade grown coffee plants than 
that grown under full sun. However, contrary to this study 
finding, Adugna et al. (2014) showed that beans 
developed under shaded condition were heavier, larger in 
size and had better liquor taste. However, greater coffee 
yields are obtained from sun grown coffee plants. Haggar 
et al. (2011) also indicated that shade trees compete with 
coffee for resources and in a very wet year, shade can 
promote the growth of moisture-loving fungi, which may 
reduce the yield of shade-grown coffee plants.  

Based on the findings of this study, about 22.3% of the 
respondents indicated that, shade grown coffee plants 
have   longer  life  span  than  that  grown  under  full sun. 



Emire and Asfaw          2189 
 
 
 
Table 2. Respondents households (n=90) and their opinion on problem of growing coffee plants without shade tree species.  
 

Problem of open grown coffee  plants  
Study kebeles and Number of respondents 

Anferara Dande Frequency (f) Percentage 

Wilting and stunted growth of coffee plants 14 10 24 26.7 

Poor soil fertility under coffee plants 11 9 20 22.2 

Reduction of coffee yield 10 9 19 21.1 

Less coffee stems and branches   6 8 14 15.6 

Coffee plants need more managements 9 4 13 14.4 
 

Source: From Survey Result (2014/2015). 

 
 
 
Table 3. The sampled households response (n=90) on selection criteria of compatible coffee shade tree species.  
 

Farmers’ criteria to select compatible shade tree spoecies 
Study kebeles and Number of respondents 

Anferara Dande Frequency(f) Percentage  

Better coffee yield under a shade tree 21 13 34 37.8 

Enabling fast growth of  a coffee plants under a shade 13 9 22 24.4 

Fast growing ability of a shade tree 11 6 17 19 

Decomposition rate of shade tree litter fall 8 9 17 19 
 

Source: From Survey Result (2014/2015). 

 
 
 

Shade tree protected coffee plants from extreme sun 
light, from other unsuitable environmental stress and 
regulates climatic conditions for coffee plants. Open 
grown coffee plants often suffer a premature death and 
they need to be replaced much more frequently than 
shade grown coffee plants. This study finding is in 
agreement with the observations of Denis (2003), Albertin 
and Nair (2004), Damatta (2004) and Claudia (2010). 
From their study findings, shade grown coffee plants 
have a longer life expectancy than sun grown coffee 
plants and shade trees have a benefit to reduce coffee 
plants exhaustion. Moreover, by modifying microclimatic 
conditions, shade trees stabilize the yields throughout the 
seasons, making planning and harvesting more efficient 
for the farmer and prolong the life span of coffee plants. 

Based on their accumulated experience and inherited 
local knowledge, coffee growers in the study district 
easily recognized problems associated with sun grown 
coffee plants. Accordingly, 26.7% of the respondents 
indicated that wilting and stunted growth of coffee plants 
are a serious problem of open grown coffee plants (Table 
2). Moreover, about 21.1 and 22.2% of the respondents 
reported low coffee yield and poor soil fertility under 
coffee plants are a major problem (Table 2). Open grown 
coffee plants are characterized by 15.6% of the 
respondents as having less number of coffee stems and 
branches  and  14.4% of the respondents confirmed that 
sun grown coffee plants need more managements as 
compared to shade grown coffee plants (Table 2). Both 
key informants and sampled households indicated that, 
sun grown coffee plants exposed to adverse 
environmental stress and soil fertility under  coffee  plants 

are poor. In addition, sun grown coffee plants easily get 
damaged with domestic and wild animals; due to this 
coffee plants could be demanding more management 
and having less number of coffee stems and branches. 

 
 

Conclusion 
 
Coffee growers in the study district have been cultivating 
coffee plants under the shade of natural forest canopy 
and under plantation shade tree covers for a long time. 
They enhanced the trend of growing shaded coffee plants 
through their inherited knowledge and experiences 
acquired from various sources. Overall, farmers showed 
a good understanding on the benefits of shade tree for 
coffee plants. Shade tree reduces undesirable environ-
mental stress on coffee plants by ameliorating adverse 
climatic conditions. Moreover, yield of shade grown 
coffee plants increased due to soil fertility enhancements 
and shade grown coffee plants have longer life span than 
that grown under full sun. Coffee growers‟ also 
encountered wilting and stunted growth of coffee plants 
which have negative impact on coffee yields when grown 
open. Moreover, open grown coffee plants have less 
coffee stems and branches and more management is 
required for coffee plants.  

Coffee growers have profound knowledge about 
management practice of various shade tree species they 
owned. The trends of planting different coffee shade 
trees are commonly known in the study site and farmers 
have various source of planting material. Their source of 
shade  tree   planting   material  is  self-established,  from 
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Table 4. Respondent households (n=80) and their opinion on preferences of shade tree height, crown shape and evergreen or 
deciduous characteristics of shade tree species.  
 

Shade tree  characteristics Farmers' preference 
Study kebeles and Number of respondents 

Anferara Dande Frequency (f) Percentage 

Tree height  

  

Longer shade tree 29 28 57 71.3 

Shorter shade tree 6 7 13 16.2 

Combination of  both 7 3 10 12.5 
      

Crown shape 
Spreading crown 34 29 63 78.8 

Narrow crown 8 9 17 21.2 
      

Evergreen or deciduous 
Evergreen 14 26 40 50 

Deciduous 13 6 19 23.8 

 
Combination of  both 18 3 21 26.2 

 

Source: From Survey Result (2014/2015). 

 
 
 
Table 5. The sampled households response (n=90) on source of coffee shade tree planting material. 
 

Farmers’ source of  shade tree planting material 
Number of respondents and Study kebeles 

Percentage 
Anferara Dande Frequency (f) 

Self-established 20 11 31 34.44 

From natural forest 13 12 25 27.77 

From government nursery 11 7 18 20 

From neighbor farmers 8 8 16 17.77 
 

Source: From Survey Result (2014/2015). 
 
 
 

Table 6. Different shade tree management practices undertaken by the coffee growers‟ at Adola Rede District. 
 

Commonly used tending operation  
Study kebeles and Number of respondents 

Anferara Dande Frequency (f) Percentage  

Thinning 10 8 18 21.6 

Pruning 25 17 42 50.7 

Coppicing 7 6 13 15.7 

Pollarding 2 8 10 12 
 

Source: From Survey Result (2014/2015). 
 
 
 

neighbor farmers, government nursery and natural forest. 
Coffee growers‟ in the study site regularly manage their 
owned coffee shade trees through employing thinning, 
pruning, coppicing and pollarding tending operation. 
Farmers commonly practiced various tending operation 
for their owned shade tree species; to cud dead or over 
grown branches, to collect wood used for various 
purposes and to reduce the shade of coffee plants and 
for a better production of understory crops.  

Coffee growing farmers have an extensive knowledge 
on preferences of coffee shade tree characteristics. 
However, the scale of shade tree preferences of farmers 
was variable and mainly considers shade tree height, 
crown shape, evergreen or deciduous characteristicsof 
shade tree species. Therefore,  based  on  the  finding  of 

this study if knowledge of local farmers is recorded and 
effectively used with scientific findings, it can provide 
valuable information that can give feedback synergistically 
to channel the direction of conventional science to meet 
the needs of local people. 
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