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Abstract: Yam farmers in Ghana have, over the years, used herbicides for weed control, particularly
glyphosate. Although this has been helpful to them, there are complaints and concerns, among the
yam farmers and a section of the public, that the yam tuber rots easily under the use of herbicides.
This study, therefore, was set up at the field level to investigate the possibility of herbicides use
causing yam rot. Two yam varieties, “laribako” and “olodo”, were grown under the conditions
of chemical weed control (use of glyphosate) and manual weed control in three replicate sites in
Waulensi in the Nanumba traditional area of northern Ghana. The study revealed that there was no
difference in rots between herbicide treated yams and manually weeded yams, but that there was a
difference in rots between “laribako” and “olodo” yam varieties. The results also showed that there
was no difference in yield between herbicide treated yams and manually weeded yams. Based on the
findings, it can be concluded that, there was no difference in yam rot and yield between herbicides
treated and manually weeded yams, but “laribako” was more susceptible to rot than “olodo”.
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1. Introduction

Yam (Dioscorea spp.), belonging to the genus Dioscorea, the order Liliflorae, and the family
Dioscoreacae, is mainly grown in the tropical and sub-tropical countries of the world, including West
Africa, the Caribbean, north and central parts of East Asia, and South and Central America [1-4]. It is
an important food and income security crop for people in the tropical and subtropical regions [5,6]. It is
reported to be an important source of minerals, such as calcium, phosphorus, iron, and carbohydrates
and vitamins such as riboflavin, thiamin, vitamin B, and vitamin C [1,7]. Yam has been used in
traditional medicine in Africa and among the Chinese and other Asiatic people to treat diseases like
diabetes, to increase coronary circulation, and to prevent hypercholesterolemia [1,4,8]. In many yam
growing communities in West Africa, yams play an important socio-cultural role, featuring in many
traditional festivals. In some cases, a day is even set aside to celebrate the harvest of the new yams [3].
In the Nanumba traditional area of Ghana, and particularly in Wulensi, when it is time for harvesting
new yams (the milking stage), most family heads from the royal families do not eat the yam until the
formal ceremony, called “Nyuya Dibu” which welcomes the new yam, is organized. The “Nyuya
Dibu” ceremony is normally organized on a Friday that coincides with the market day of the town,
called “Aluzumma Kofei”.

Despite the importance of the yam, the production of the crop faces serious challenges, such as
pests and disease rots, both of which lead to yield losses. Weeds are the most economically important
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pest, with regards to limitations of crop yield [9,10]. Crop losses of yams, both in the field and during
storage, remain a critical challenge to farmers and traders. Studies have shown that the biggest losses
are caused by rot causing pathogens of fungi, nematodes, and bacteria and the incidence and severity
of damage caused by these organisms varies among yam species, varieties, and localities [2—4,11-13].
Conservative estimates put postharvest losses of yams caused by microbial rots between 15% and
40% [2,11]. The “laribako” variety, for instance, though very tasty and the most preferred yam by
Ghanaians and Africans both at home and in the diaspora, is prone to soil pathogens and has a very
short shelf life, thus compelling farmers to sell their stock as early as possible, even at periods when
prices are not good for them [14].

Over the years, yam farmers in Ghana seemed to have found a solution to the weed problem
on their farms by using chemical herbicides with glyphosate as the dominant product, but in this
solution there lies another problem of tuber rots. Some farmers and yam traders strongly believe that
the use of chemical herbicides has aggravated the yam rot problem. Studies on yam rots have clearly
established the main causes of the rots, both in the field and in storage, but studies on herbicides/disease
interactions have reported mixed results. There are cases of increasing disease incidence and severity,
as well as cases of decreasing disease incidence and severity, depending on the crop type, crop variety,
soil, and environmental conditions [9,15-19].

This study was, therefore, designed to address the following hypothesis: (1) There is no difference
in yam tuber rots between yams cultivated using herbicides and yams cultivated by manual weeding,
(2) there is no difference in tuber rots between the “laribako” and the “olodo” yam varieties, and (3)
there is no difference in yield between yams produced using herbicides and yams produced by manual
weeding. Thus, the main objective of the study was to determine if the use of herbicides contributes to
yam tuber rots. The study also sought to determine the influence of herbicides use on the yam yield.

In addition to the abstract, which gives a brief summary of the whole manuscript, this manuscript
is made up of 5 sections. Section 1 is the introduction to the manuscript, which provides a brief
background literature on yams as a tropical tuber crop, their socioeconomic importance, production
challenges, how farmers are dealing with the challenges, and the research hypothesis and objectives.
Section 2 is the materials and methods, which describes in detail where the research was conducted
and the methodological approach adopted, including the survey, field trial (experimental design,
agronomic practices), data collection, and data analysis. Section 3 talks about the results of the study,
providing details on the socio-demographic characteristics of the famers, the system of yam farming in
the research area, yam storage practices by the famers in the area, answers to the research hypothesis,
and the yield and level of yam tuber rots as recorded in the trial. Section 4 is a discussion of the results.
It discusses the results of the study in detail, giving insights into why the results appear so. It also
discusses the results in relation to other studies, how similar or different it is with the others, and why
and what the implications are for future research. Section 5 as the last section of the manuscript and
gives the conclusions of the research, bringing out the novelty of the research and the utility of the
research findings.

2. Materials and Methods

The research adopted a mixed method approach. It included a survey and a field trial. The purpose
of the survey was to elicit farmers’ opinion on the causes of yam rots and their yam cultivation practices
to set the tone for the field trial. The purpose of the field trial, based on the survey outcome, was to
investigate the effect of herbicides (glyphosate) on yam rots.

2.1. Survey

The survey was conducted in two predominant yam growing districts in the northern region of
Ghana, i.e., the Nanumba South (8°39’ N-0°01" W) and Nanumba North (8°05” N-0°04" W districts.
The communities covered were Lepusi, Dimong, Kpabi, and Bimbilla in the Nanumba North district
and Kukuo, Nakpayili, Wulensi, and Lungni in the Nanumba South district. The survey was
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executed in three steps, including a structured questionnaire administration, focus group discussions,
and community/field visits. The survey was conducted between 12-16 March 2015, shortly before
the spraying season of April-May. In total, 100 yam farmers were interviewed and three focus group
discussions were organized across the 8 communities in the two districts (Figure 1). The sample
size (100) was determined from the total population (235,048) of Nanumba traditional [20], using the
ﬁ%, by Charan & Biswas [21], where N is the total population in the area and
e is the margin of error (10%). The questionnaire was designed in a manner to extract information
about the socio-demographic characteristics of famers, farmers’ yam growing practices, and famers’
experience and opinions regarding causes of yam rots. The majority of the questions were close
ended, with only a few of them being open ended. The questions were pretested with 10 farmers and
emerging issues and shortcomings in the questionnaire were addressed before the actual interviews
started. The research districts and communities were selected because major yam producers of the
country are located in the region. Appendix A presents details of the specific questions posed during
the interviews.
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Figure 1. Map of study area.
2.2. Field Trial

The field experiment was conducted in Wulensi in the Nanumba South district in the northern
region of Ghana. The study area experiences unimodal rainfall of 1268 mm per annum with most of
the rain falling within 6 months, i.e., between May and October with a peak in August and September.
Temperatures are usually high, ranging between 29 and 40 °C. Two yam varieties, “laribako”, an early
maturing variety, and “olodo”, a late maturing variety, were used in the experimental set up. These yam
varieties are widely grown by farmers of the area, but “laribako” is most preferred. Four treatments
in three replicates were evaluated in tandem using the replicated control design. They were grown
following good agricultural practices, such as correct site selection, good land preparation, early
planting, and good spacing and staking. Three sites, “Bihigubaani” in Wulensi East, “Nayilikurugu”
in Wulensi North, and “Sabdaboya” in Wulensi West were purposefully selected for the experiment.
At each of the three sites, two treatments (plots treated with herbicides) and two controls (plots
manually weeded) were evaluated, thus giving a total of six treatments and six controls. At each of
the sites, the design was arranged in such a way that the treatment plots were placed on the down
slope of the land while the control plots were placed on the upper slope of the land. This, in essence,
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was to avoid pesticide contamination of the control plots during runoff. The treatments and controls
(experimental design) are presented in Figure 2.

BBN NKG SDB

LC [ OC LC | OC LC | OC

LS [ LS LS | OS LS | OS

Figure 2. Experimental design. BBN = “Bihigubaani” replicate, NKG = “Nayilikurugu” replicate, SDB
= “Sabdaboya” replicate, LS = Laribako sprayed, LC = Laribako control, OS = Olodo sprayed, and OC
= Olodo control.

2.2.1. Land Preparation

Ploughing was done twice before mounds were raised. The first ploughing was done in the last
week of September 2015, after which standing grasses were cleared by the use of a hoe and a cutlass.
A period of four weeks was allowed for the soil to get conditioned before the second ploughing was
done. Immediately after the second ploughing the raising of yam mounds was done.

2.2.2. Planting

Planting (Figure 3) was done in the month of March 2016, before the start of the rains, at a
recommended depth of 10 cm below the soil surface and a spacing of 1.2 X 1.2 m within plots and 2.4 m
between plots [14]. Planting was done within a period of three days, taking the weather conditions
into consideration to ensure a homogenous planting condition for the three trial sites. There was a day
interval between the planting of the first replicate site and the next one. It started from “Bihigubaani”,
followed by “Nayilikurugu”, and ended with “Sabdaboya”. Planting was accompanied by capping of
the mound with a bundle of grass or leaves as a form of mulch to protect the yam seed from excessive
heat of the sun and desiccation.

Figure 3. Planting of seed yam at the “Bihigubaani” (BBN) trial site.

2.2.3. Weeding

One month after planting and before germination, the first weeding was carried out. A total of
three weeding operations were done between April and August. The first weeding operation took
place in April after the first rains. The second weeding was done in June and the third weeding was
done in August. For the first weeding, the treatment plots on all the replicate sites were sprayed with
glyphosate at a recommended rate of 2 kg/ha [22], while the control plots were manually weeded.
In the subsequent weeding operations, both the treatment plots and the control plots were manually
weeded in conformity with the common practice of the farmers, where the majority of them spray only



Agriculture 2019, 9, 95 50f 15

once, i.e., during the first weeding. Spraying of the herbicide was done in the early hours of the day,
when the temperatures were still low, with sufficient moisture in the soil. The timing of the spraying
was done in such a way that it did not coincide with any rain event, either immediately before or
after treatment.

2.2.4. Staking

Staking, which is proven to have enhancing effects on yam yields, especially seed yam [23,24],
was sparingly done due to the palpable difficulties in accessing stakes in the area, like other yam
growing areas, as a result of the ongoing massive deforestation [25].

2.2.5. Harvesting and Storage

The ware yam was harvested towards the end of January and stored in traditional storage barn
until the end of May. The harvesting was done with the use of a hoe and a cutlass and care was taken
not to cause unnecessary bruises to the yam tubers, as this could enhance rots during storage [26].
The number of rotten tubers per plot, the number of market quality tubers per plot, and the total weight
of market quality tubers per plot were counted as quality assessment parameters. The quality of a
tuber was thereafter judged by its size and wholesomeness, i.e., no symptoms of rots, deep cuts, gals,
and termite holes. In the storage facility, the yam tubers were placed according to the treatments and
controls, with the appropriate labels attached to them (Figure 4). During storage, monthly inspections
were done to check the level of rots. During these inspections, rotten tubers in each treatment were
removed and counted. At the end of the storage period, counting and weighing were done again to
determine the number of rotten tubers and the loss of weight after storage, respectively.

BN LAABAKO NOT SPRAYERD

Figure 4. Yam tubers in storage with their labels.

2.3. Data Collection

The following data were taken: The number of rotten tubers at harvesting, the number of market
quality tubers at harvesting, the weight of market quality tubers at harvesting, the number of tubers
two months into storage, the number of tubers at the end of four month storage period, the percentage
of rotten tubers after two months in storage, and the percentage of rotten tubers at the end of four
months storage period.

2.4. Data Analysis

The data were analyzed using SPSS version 23 (IBM, Armonk, NY, USA) and MS Excel 2016
(Microsoft Corp., Redmond, WA, USA). A statistical test of a one sample ¢-test was conducted to
determine whether there were any significant differences in yam tuber rots between the glyphosate
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treated plots and the control plots tubers, whether there was any difference in tuber rots between the
“laribako” and the “olodo” varieties, and whether there was any difference in yield between glyphosate
treated plots and manually weeded plots.

3. Results

3.1. Socio-Demographic Characteristics of Respondents

The socio-demographic characteristics of the farmers is presented in Table 1. The majority of
the farmers (99%) were male. In terms of age, the majority of them were within the active age group,
between 31 and 50 years. All the farmers grow yams as their major crop and about 50% of them grow
maize as a secondary crop, with an overwhelming majority (58%) of them lacking formal education.
With regards to land holding, the majority of the farmers cultivate between 0.5 ha and 4 ha.

Table 1. Socio-Demographic Characteristics of Respondents.

Category Variable n %
Male 99
Gender Female 1
21-30 years 15
31-40 years 34
Age category 41-50 years 31
51-60 years 11
Above 60 years 9
Primary 7
JHS 7
Middle School 6
Level of Education SHS 8
Tertiary 14
Non formal 3
No education 55
Major Crop Yam 100
0.5-1.6 ha 33
1.7-2.8 ha 47
Total acreage 29-4.0ha 10
4.1-5.2 ha 7
5.3-6.4 ha 1
Above 10 ha 2
Cassava 42 21.8
Maize 96 49.7
Guinea Corn 10 5.2
Millet 15 7.8
Soybean 12 6.2
Other Crops Groundnuts 3 1.6
Rice 8 4.1
Okro 1 0.5
Cashew 1 0.5
Cowpea 4 2.1
Water melon 1 0.5

3.2. System of Yam Farming

Table 2 presents the system by which yam farming is done in the study area. The majority (89%) of
the farmers indicated that they grow yam in a mixed cropping system, while 55% of them indicated they
practice crop rotation with the type of rotation being as follows: Yam-maize (53%), yam-groundnuts
(1%), and yam-millet (1%). The majority (93%) of the farmers said they observe bush fallowing in yam
production with the length of fallowing for the majority (83%) of them varying between 1 and 4 years.
All the farmers indicated that the common pesticides they apply on their farms are herbicides, with the
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majority (89%) of them applying herbicides on their farms only once in a year. It was revealed that
those farmers who apply herbicides only once in a year use only glyphosate, while those who apply
herbicides two times use glyphosate for the first application and atrazine for the second application.

Table 2. System of yam farming.

Category Variable n

Do you grow yam in mono cropping or mixed cropping system? 1\1\//[[5(23 Cci‘giillfé éé
D . .. . Yes 55

0 you practice crop rotation in your yam farmmg? No 45
Yam-maize 53

. . Yam-groundnuts 1

What t f rotat d tice?

at type of rotation do you practice Yam-millet 1

Not applicable 45

D .. . Yes 93

0 you observe following in your yam farming? No 7

1-2 years 34

34 years 49

If yes, how long is the length of fallowing? 5 years 7

Above 5 years 3

Not applicable 7

If no, why don’t you observe fallowing? lell\tIiil :;Siscsatbolelzand 973

How many times do you apply pesticides on your yam farm in a year Once 89
Twice 11
What type of pesticide do you usually apply? Herbicides 100

3.3. Yam Storage by Farmers

The majority (63%) of the yam farmers store their yams in a traditional yam barn after harvesting,
while 29% store yam under trees and cover them with grass, and 8% bury the yams in the soil after
harvest (Table 3). With regards to treatment of yams for storage, the majority (97%) of the farmers said
they do not offer any treatment. For the few farmers who said they treat yam for storage, they indicated
that they use insecticides (1%), powdered pepper (1%), and baits (1%) against rodents.

Table 3. Method of yam storage by farmers.

Category Variable n %
Burying 8 8
How do you store yam after harvesting? In a barn 67 63
Under a tree covered with grass 31 29

. Yes 3

D £ ?
0 you treat yam before or during storage No 97
Use of baits against rodents 1
Use of powdered pepper against rodents 1
H treat for st ?
ow you treat yarn for storage Use of insecticides 1
Not applicable 97

3.4. Yam Rots and Farmers Opinion on the Causes

The majority (92%) of them produce a harvest between 100 and 10,000 tubers of yam in the farming
season, while 3% of them produce a harvest between 10,000 and 25,000 tubers (Table 4). Out of the
previous year’s harvests, the majority (62%) of the farmers recorded between 1% and 8% tuber loss
due to rotting, while 27% of them record between 10% and 40% tuber loss, with only 11% of them
recording 0% tuber loss due to rotting. With regards to the causes of the rotting, the majority (28.3%)
of the farmers respectively mentioned pesticides and excessive heat as the causes. The other causes
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of importance, as mentioned by the farmers, were poor handling at harvesting (18.4%), bad storage
(11%), poor soils (10%), long storage time (7%), and damage by rodents (5%). This result represents the
generally held view, by a section of the public, that the use of herbicides makes the yam tuber rot easily.

Table 4. Yam rots and farmers opinion on the causes.

Category Variable n %
100-1000 29
1001-5000 63
How many tubers of yam did you harvest last season? 5001-10,000 5
10,001-15,000 1
15,001-20,000 1
20,001-25,000 1
0% 11
1% 3
2% 39
3% 1
How percentage of your last season harvest got rotten? éz © Z
8% 7
10% 20
20% 6
40% 1
Use of herbicides 43 28.3
Excessive heat 43 28.3
Poor handling at harvesting 28 18.4
Early harvesting 2 1.3
What is the cause of the rampant yam rotting? Long storage 7 4.6
Rodent damage 5 3.3
Don’t know 3 2.0
Poor soils 10 6.6
Bad storage 11 7.2

3.5. Hypothesis Tests

A statistical analysis using a one sample f-test was conducted to test the difference in rotting
between herbicides treated and manually weeded yams, the differences in rotting between the
“laribako” and the “olodo” yam varieties, the difference in yield between herbicides treated and

manually weeded yams, and the difference in yield between the “laribako” and the “olodo” yam
varieties (Table 5).

Table 5. Hypothesis tests.

Degrees of

Test Observed Freedom

p Value Decision

There is no difference in rots L.
between herbicides treated -1.387 5 0.224 AccePt Hy: Herbicides do not have
influences yam tuber rots
manually weeded yam
There is no difference in rots . .
between “Laribako” and “Olodo” -3.371 5 0.02 . Rﬁ]ect HO' Yam variety has .
. significant influence rots/shelf life
yam varieties
There is no difference in yield . -
between herbicides treated yam and -1.732 5 0.144 Acgept Ho: Herb1c1d?s do not have
influence on the yield of yam
manually weeded yam

3.6. Yield and Levels of Tuber Loss Due to Rots

Table 6 presents information on yield across the trial fields and the levels of tuber rots in the field
and during storage. With regards to yield, the “laribako” field treated with glyphosate recorded a
higher yield than “laribako” field not treated at all the trial sites, while “olodo” field treated with
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glyphosate recorded a lower yield than “olodo” field not treated at two of the trial sites (BBN and NKG)
and a higher yield than the untreated at SDB. In terms of tuber rots in the field, “laribako” treated
recorded fewer rots than “laribako” not treated at BBN and SDB, but recorded more rots than the
untreated at NKG. Similarly, treated “olodo” recorded fewer rots in the field than “olodo” not treated
at BBN and SDB, but more rots than the untreated at NKG. With regards to tuber rots during storage,
the results show that, at the end of the four-month storage period, treated “laribako” recorded lesser
tuber rots than “laribako” not treated at BBN and NKG and more rots than the nontreated at SDB.
On the other hand, treated “olodo” and “olodo” not treated recorded the same level of rots at BBN,
but with lesser rots for the treated at SDB and higher rots at NKG. Indeed, “olodo” not treated with
glyphosate at the NKG site recorded zero rotting throughout the storage period.

Table 6. Levels of rotting and yield.

No of Rotten No of Weight No of Tuber/ha No of % Tuber Loss at % Tuber Loss at
Treatment Tubers at Tubers/ha at (kg/ha) at 2 Months in Tubers/ha at 4 2 Months in 4 Months of
Harvest Harvest Harvest Storage of Storage Storage Storage
BBN LS 525 2275 8278 2100 1995 8 12
BBN LNS 1120 1820 6885 1540 1400 15 23
BBN OS 15 840 3241 770 735 8 13
BBN ONS 105 1120 3913 1015 980 9 13
SDB LS 70 2275 7476 1925 1295 15 43
SDB LNS 805 1575 5716 1400 1190 11 24
SDB OS 175 2625 10,724 2555 2450 3 7
SDB ONS 210 1050 3238 1015 910 3 13
NKG LS 385 3080 14,046 2555 2380 17 23
NKG LNS 175 2975 12,793 2345 1610 21 46
NKG OS 175 1295 4452 1225 1155 5 11
NKG ONS 35 1890 7707 1890 1890 0 0

BBN: Bihigubaani; SDB: Sabdaboya; NKG: Nayilikurugu; L: Laribako; O: Olodo; S: Sprayed; NS: Not spray; LS:
Laribako sprayed; LNS: Laribako not sprayed; OS: Olodo sprayed; ONS: Olodo not sprayed.

4. Discussion

The present study investigated the effect of herbicide (glyphosate) use on the yield and shelf
life of yams. It started with a survey of farmers to understand their yam farming practices and to
elicit their opinions and understanding about yam rot and the causes. From the survey, a field trial
was conducted. Generally, information on herbicide effects on disease rots of roots and tuber crops is
limited. Therefore, findings of this study are important to contribute to knowledge in this field. Similar
to other studies [27,28], the majority of the yam farmers in this study were males. This is a reflection
of the fact that yam farming, which is a highly labour intensive occupation, is dominated by men.
The majority of the farmers as reported are illiterates. The lack of formal education and low level of
education of the farmers naturally will have some implications for their adoption of good agricultural
practices, such as the proper handling and use of pesticides, among others [29,30]. The majority of the
yam farmers have land holdings of between 0.5 ha and 4 ha, an indication that yam farming is still
done on a wider scale by small holder farmers, as earlier observed [28].

As can be seen in Table 2, the yam farmers cultivate yam in a mixed cropping system. They also
rotate yam with other crops and observe generally short fallow periods. It is reported that yam grown
under a sole cropping system does better in terms of productivity than under a mixed cropping system,
but farmers prefer the mixed cropping due to the insurance it gives them against heavy loss of capital
and labour input on the farm in case of failure of the yam crop [31]. For the few farmers who did not
observe fallowing, they said it was because of their limited access to land. It is observed that fallowing,
as currently practiced by the farmers, is shortened. The farmers themselves indicated that in the past
the shortest fallowing period was 10 years. To compensate for the depletion in soil nutrients as a
result of the shortened fallow periods, yam-legume rotation is recommended [32,33]. These shortened
fallow periods could possibly explain why the farmers generally complain of poor soils and weed
invasion on their farms. Yam, as a heavy feeder, prefers rich and loose-textured soils, hence fallowing
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is normally observed to allow enough time for the soil to recover the lost nutrients and to restore its
fertility. The longer the fallowing the richer the soil becomes, with less weed problems [32].

Farmers in the Nanumba traditionally store yam in the traditional way, as reported in Table 3.
The farmers indicated that each of the methods is a good method for storing yam, but the efficiency of
each method depends on how it is done. For instance, if you are to bury yam at the time you still expect
some rains, it is better not to bury it on the downslope of the farm. If you bury it on the downslope the
pit will receive too much water during run off and this will cause rotting due to moisture condensation
and mold growth as result of poor ventilation and high temperatures [34,35]. The yam farmers, at the
moment, generally do not offer preharvest or postharvest chemical treatment to yam for the purpose
of preserving, although this is done in other jurisdictions, such as Nigeria, and is reported to have
suppressing effects on fungal rots in yam [36,37].

On the incidents of yam rot, the farmers reported rot percentages up to 40% and they attributed
the rot to factors including the use of pesticides, excessive heat, poor handling, bad storage, poor
soils, and damage by rodents. This result conforms with previous studies [2,11], in which tuber loss
of between 15% and 40% as a result of microbial rots was reported. Most of the assertions of the
farmers are not farfetched, as studies have linked poor handling during harvesting and post harvesting,
poor conditions in storage, high temperature, and pest damage to yam rots [34,35,38].

On the effect of herbicide use on yam rots, the result is in sharp contrast with the generally held
view by farmers and the public that the use of herbicides causes yam tuber rots, since there was no
significant difference (p < 0.05) in yam tuber rots between herbicide treated yams and manually weeded
yams (Table 5). The results agree with the hypothesis that there is no difference in tuber rots between
herbicide treated yams and manually weeded yams. As already elaborated, in this study, there were
instances when the use of the herbicide (glyphosate) seemed to have a suppressing effect on tuber
rots and, in a few instances, it seemed to have an enhancing effect on tuber rots. The result conforms
with previous studies on pesticide-disease interactions, in which mixed results of both enhancing and
suppressing effects were recorded [9,39]. Since it is established in this study that the herbicides cannot
be responsible for the yam tuber rots, both in the field and during storage, the rots could be attributed
to rot causing pathogens, enhanced by physical/mechanical factors, as have been widely published in
literature [2—4,11,12], in which yam samples with rots were collected from a yam barn and from selected
markets in Accra (Ghana). A total 10 spoilage micro-organisms, including 9 fungal species (Aspergillus
flavus, Aspergillus niger, Botryodiplodia theobromae, Fusarium culmorum, Fusarium oxysporium, Fusarium
sp., Penicillium brevi-compactum, Penicillium sp., Rhizopus stolonifera) and one bacterium species (Erwinia
carotovora) were identified. In another study (Kwoseh et al. [40]), two nematode species (Scutellonema
bradys and Meloidogyne incognita) were identified to be associated with dry rots and galling of yams,
respectively, in Ghana.

Previously, Cornelius [41] had also identified Aspergillus flavus, A. niger, A. oryzae, Botryodiplodia
theobromae, Fusarium culmorum, F. moniliforme, F. oxysporum, Penicillium brevi-compactum, Penicillium sp.,
Rhizopus stolonifer, and Erwinia sp. as the causes of spoilage rots in white yam (Dioscorea rotundata
Poir) in Ghana. In a study in Nigeria [3], fungal species were identified to be the cause of storage rots
of yams. Indeed, the damage caused by these micro-organisms can be enhanced by mechanical factors,
such as bruising and crushing, insect infestation by boring and chewing at the tubers, and rodent/bird
attacks [35]. As can be seen in Table 5, the only factor in this study that had effect on yam tuber rots
was the type of yam variety, since there was a significant difference (p < 0.05) in rots between the
two yam varieties. The “olodo” variety recorded a fewer number of rotten tubers than the “laribako”
variety, in terms of the level of rots, hence the hypothesis that there is no difference in yam tuber rots
between the two yam varieties was rejected. This result conforms with Demuyakor et al. [38] and
Kusi et al. [14], in which the laribako variety was observed to be a short storage variety compared to
the “olodo” variety.

With regards to the effect of herbicide use on yield, the results (Table 5) showed that there was
no significant difference (p > 0.05) in the yield across the fields, hence the hypothesis, that there
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is no difference in yield between yam plots treated with glyphosate and plots manually weeded,
was accepted. This means that, contrary to the farmers thinking that the use of herbicides on their farms
leads to increases in yield, the herbicides by themselves do not influence the yield. Instead, how clean
the farm is kept, irrespective of the method used, is what influences the yield. Indeed, weeds are one
of the most important factors causing economic losses in crop production and that is why, over the
years, the sales of herbicides are globally outstripping those of insecticides and fungicides [10,18,40].
The result also conforms with the study of Unamma & Melifonwu [42], in which the pre-emergence
application of fluometuron, chloramben, diuron/paraquat, simazine, and atrazine/metolachlor at the
rates of 1.4,2.7,1.6, 5.7, and 3.8 kg/ha, respectively, effectively controlled weeds and gave tuber yields
that compared favorably with the recommended practice of three hand weedings at 3, 8, and 12 weeks
after planting.

In terms of percentage tuber loss due to rots, the results from the field trial showed tuber loss
up to 46% at the end of the four-month storage period and up to 21% at two months during storage.
This conforms with the farmers assertion, during the interviews, that long periods of storage also
contribute to the tuber rots. Farmers are usually not comfortable with selling very early, unless they
are compelled, because the longer they keep their yams into the lean season the better the prices they
will attract [14]. The levels of rots recorded are similar to what has been reported in the survey and in
previous studies [13,14].

Despite the significant benefits that accrue with the use of pesticides, the noncompliance with
safety rules by farmers is a source of concern throughout the world [43,44]. Famers in developing
countries, in particular, usually have inadequate knowledge on the proper handling of pesticides and,
therefore, do not normally handle the products according to agricultural best practices, leading to
their exposure to the products [45-47]. With regards to the yam farmers handling of the herbicide
(glyphosate) on their farms and their exposure to it, Wumbei et al. [48] found that the yam farmers do
not handle the products according to safety rules and are, therefore, exposed to high levels of glyphosate,
above the acceptable operator exposure limit (AOEL). Apart from occupational exposure to pesticides,
another source of human exposure to pesticides is through food consumption. When pesticides are
used correctly, they clearly produce tangible benefits to increase in crop yields and incomes [49].
However, their misuse can possibly lead to the presence of residues in food products, which could
trigger negative effects on human health [50,51]. On the food safety impacts of pesticide use in yam
production, studies have shown that the yam tuber is contaminated with multiple pesticides residues,
including glyphosate, at levels below the EU MRL (maximum residue limit) of the pesticides and
generally with no food safety risk [52,53].

As a case study, this study has its weaknesses as well as strengths. In general, cases studies have
been criticized by some authors for their lack of scientific rigor and the fact that they do not address
generalizability [54]. Although the study was a one-year study and, therefore, definitive conclusions
could not be made, the study, through its multiple sources of evidence gathering, presents a holistic
view of herbicide use in yam production and yam tuber rots, which reflects the strength of the study.

5. Conclusions

Yam farming is the main economic activity for the people of the Nanumba traditional area. As a
known yam producing area in the country, yam production in the area faces a number of challenges,
including weed pressure, inadequate labour, and yam rots. In their quest to address the weed pressures
on their farms, coupled with the inadequacy of manual labour, farmers have resorted to the use of
herbicides. The use of the herbicides is perceived by the farmers to be associated with an increase
in yam tuber rots. Although the concern of herbicide use causing an increase in yam tuber rots has
persisted for some time in the area, and other yam growing areas in Ghana, no study has reported on
the effect of herbicides on yam rots. Therefore, this study was the first to investigate the possibility of
herbicide (glyphosate) use leading to an increase in yam rots, the findings of which will contribute to
knowledge production in this field.
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The study revealed that yam farming in the Nanumba traditional region of Ghana is done in
mixed cropping, crop rotation, and bush fallowing systems, even though the length of fallowing has
been reduced drastically over the years. The farmers use herbicides (glyphosate) as a substitute for
manual labour.

Although storage rots of yam are a serious problem for the yam farmers in the area, it was found
that there was no difference in tuber rots between yam plots treated with glyphosate and yam plots
manually weeded. However, there was significant difference in tuber rots between the “laribako” and
the “olodo” yam varieties with the “laribako” variety recording more rots than the “olodo” variety.
Since the study was just a one-year trial, it can be concluded that the findings are indicative that the
increase in yam tuber rots cannot be attributed to the use of herbicides in yam production. Hence,
while recommending further research to firm up this conclusion, research efforts should be directed at
other causes of yam rots in order to find a lasting and sustainable solution for the yam rot problem.

Weeds are an important factor affecting the production and, for that matter, the yield of yam.
For this reason, yam farmers are searching for every possible means they can adopt to keep their
farms free of weeds, with special preference for herbicides with the thinking that herbicides have yield
enhancing effects. This study found that there was no difference in yield between herbicide treated
plots and manually weeded plots. This is indicative of the fact that farmers will always be sure to obtain
optimum yields if their farms are kept free of weeds at the critical periods in the production cycle.
Therefore, if possible, farmers should be encouraged to use manual weeding in order to safeguard
human health and the environment from the negative pressures of herbicides.
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Appendix A.

Specific interview questions

Questions

Socio-Demographic Characteristics

What is your gender?

What is your age?

What is your level of education?

What is the major crop you cultivate?

What the total acreage you cultivate?

What other crops do you cultivate?

What type of pesticides do you apply on your yam farm?

How many times do you apply herbicides on your yam farm in a year?
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Yam Production

Do you grow yam as a mono crop or as a mixed crop?
Do you practice crop rotation in your yam production?

What type of crop rotation do you practice?

Do you observe fallowing in your yam production?

What is the length of fallowing?

Why do you not practice fallowing?

How many times do you apply herbicides on your yam farm in a year?

How do you store your yam?

Do you treat yam before storage?

How do you treat yam before storage?

How much yam did you harvest the previous season?

How much of your yam got rotten during storage?

What in your opinion is the cause of the rampant rotting of yam?

References

1.

10.

11.

12.

13.

14.

15.

16.

Tjato, J.; Tedela, P. Phytotoxic Potentials of Cold and Hot Aqueous Extracts of Chromolaena odorata against
Fungal Deteriorating Agents of Yam Tubers (Dioscorea rotundata, Poir) after Harvest. Am. ]. Exp. Agric. 2015,
5,262-266. [CrossRef]

Okigbo, R.N.; Ikediugwu, EE.O. Studies on biological control of postharvest rot in yams (Dioscorea spp.)
using Trichoderma viride. ]. Phytopathol. 2000, 148, 351-355. [CrossRef]

Aboagye-Nuamah, E; Offei, S.K.; Cornelius, E.W.; Bancroft, R.D. Severity of spoilage storage rots of white
yam (Dioscorea rotundata Poir.). Ann. Appl. Biol. 2005, 147, 183-190. [CrossRef]

Okigbo, R.N.; Nmeka, I. Control of yam tuber rot with leaf extracts of Xylopia aethiopica and Zingiber officinale.
Afr. ]. Biotechnol. 2005, 4, 804-807.

Verter, N.; Be¢vafova, V. An Analysis of Yam Production in Nigeria. Acta Univ. Agric. Silv. Mendel. Brun.
2015, 63, 659-665. [CrossRef]

Asiedu, R.; Sart, A. Crops that feed the World: Yams for income and food security. Food Secur. Springer. 2010,
2,305-315. [CrossRef]

Obilo, O.; Oguamanam, K.; Ogbedeh, K.; Onyia, V.; Ofor, M. The use of plant extracts in the control of
Aspergillus niger in the rot of yam (Dioscorea spp.) during storage. Int. J. Agric. Rural Dev. 2017, 6, 74-80.
[CrossRef]

McKoy, M.L.; Thomas, P.G.; Asemota, H.; Omoruyi, F.; Simon, O. Effects of Jamaican Bitter Yam (Dioscorea
polygonoides) and Diosgenin on Blood and Fecal Cholesterol in Rats. ]J. Med. Food 2014, 17, 1183-1188.
[CrossRef]

Lévesque, C.A.; Rahe, J.E. Herbicide interactions with fungal root pathogens, with special reference to
glyphosate. Annu. Rev. Phytopathol. 1992, 30, 579—-602. [CrossRef]

Hoagland, R.E. Microbes and Microbial Products as Herbicides an Overview; American Chemical Society:
Washington, WA, USA, 1990.

Sowley, ENN.K.; Osei, N.J.; Katsekpor, C. Evaluation of neem as a surface protectant of yam (Dioscorea
rotundata Poir) tubers. Acta Hortic. 2013, 1007, 179-186. [CrossRef]

Ogaraku, A.; Usman, H.O. Storage rot of some yam (Dioscorea spp.) in Keffi and Environs, Nasarawa State,
Nigeria. Patnsuk J. 2008, 4, 22-27.

Okigbo, R.N. Biological control of postharvest fungal rot of yam (Dioscorea spp.) with Bacillus subitilis.
Mycopathologia 2005, 159, 307-314. [CrossRef] [PubMed]

Kusi, F; Asante, S.K.; Adjebeng-Danquah, J.; Nutsugah, S.K.; Buah, S.S.J.; Owusu, RK.; Wiredu, A.N.;
Sugri, I.; Zakaria, M. Participatory integrated pest management strategy for improving shelf-life of yam
(Dioscorea spp.). Int. |. Adv. Agric. Res. 2013, 1, 124-132.

Bradley, C.A.; Hartman, G.L.; Wax, L.M.; Pedersen, W.L. Influence of herbicides on Rhizoctonia root and
hypocotyl rot of soybean. Crop Prot. 2002, 21, 679-687. [CrossRef]

Altman, J.; Rovira, A.D. Herbicide-pathogen interactions in soil-borne root diseases. Can. . Plant Pathol.
2017, 11, 166-172. [CrossRef]


http://dx.doi.org/10.9734/AJEA/2015/12139
http://dx.doi.org/10.1111/j.1439-0434.2000.tb04786.x
http://dx.doi.org/10.1111/j.1744-7348.2005.00028.x
http://dx.doi.org/10.11118/actaun201563020659
http://dx.doi.org/10.1007/s12571-010-0085-0
http://dx.doi.org/10.4314/ijard.v6i1.2591
http://dx.doi.org/10.1089/jmf.2013.0140
http://dx.doi.org/10.1146/annurev.py.30.090192.003051
http://dx.doi.org/10.17660/ActaHortic.2013.1007.17
http://dx.doi.org/10.1007/s11046-004-2454-8
http://www.ncbi.nlm.nih.gov/pubmed/15770458
http://dx.doi.org/10.1016/S0261-2194(02)00021-2
http://dx.doi.org/10.1080/07060668909501133

Agriculture 2019, 9, 95 14 of 15

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

Jack, A ; Stephen, N.; Rovira, A.D. Herbicide—Pathogen Interactions and Mycoherbicides as Alternative Strategies
for Weed Control; American Chemical Society: Washington, WA, USA, 1990; Volume 439.

Marks, G.; Becker, S. Influence of Propazine and Chlorthal Dimethyl on Mycorrhizal Development in Pinus
radiata Seedlings. Aust. J. Bot. 2017, 38, 341-349. [CrossRef]

Rodriguez-Kabana, R.; Curl, E.A. Nontarget Effects of Pesticides on Soilborne Pathogens and Disease.
Ann. Rev. Phytopathol. 1980, 18, 311-332. [CrossRef]

Ghana Statistical Service. National Analytical Report: 2010 Population and Housing Census. 2015. Available
online: https://www.researchgate.net/publication/274696661_National_Analytical_Report_2010_Population_
and_Housing_Census (accessed on 27 April 2019).

Charan, J.; Biswas, T. How to calculate sample size for different study designs in medical research? Indian J.
Psychol. Med. 2013, 35, 121-126. [CrossRef]

Matthews, G. The Pesticide Manual; British Crop Production Council: Hampshire, UK, 2012; Volume 613.
Ennin, S.A.; Otoo, E.; Tetteh, EM. Ridging, a mechanized alternative to mounding for yam and cassava
production. West Afr. |. Appl. Ecol. 2009, 15. [CrossRef]

Ogah, E.O. Evaluating the Effects of Staking and Planting Dates on the Yields of African Yam Bean, Sphenostylis
stenocarpa in Nigeria. Am. |. Exp. Agric. 2013, 9, 196-200. [CrossRef]

Danquah, E.O.; Ennin, S.A.; Lamptey, J.; Particia, N.L. Staking Options for Sustainable Yam Production in
Ghana. Sustain. Agric. Res. 2015, 4. [CrossRef]

Cornelius, E.W. Causes and Control of Tuber Rots of White Yam (Dioscorea rotundata Poir Varieties Araba,
Asana and Puna). University of Ghana. 1998. Available online: http://ugspace.ug.edu.gh (accessed on
9 January 2018).

Okorji, E.C. Productivity of Yam Under Alternative Cropping Systems Adopted by Small-holder Farmers of
Southeastern Nigeria. Agric. Syst. 1986, 22, 231-241. [CrossRef]

Food and Agriculture Organization (FAO). Shortened Bush-Fallow Rotations and Sustainable Rural
Livelihoods. Available online: http://teca.fao.org/read/4578 (accessed on 18 January 2018).

Dev, UK.; Hossain, M. Effect of Education on Technology Adoption and Aggregate Crop Output in
Bangladesh. Bangladesh ]. Agric. Econ. XIX 1996, 1, 1-15.

Houbraken, M.; Bauweraerts, I.; Fevery, D.; Van Labeke, M.-C.; Spanoghe, P. Pesticide knowledge and
practice among horticultural workers in the Ldim Dong region, Vietnam: A case study of chrysanthemum
and strawberries. Sci. Total Environ. 2016, 550, 1001-1009. [CrossRef]

Adegboyega, E.O.; Olaniran, A.T.; Theresas, I. Economics of Seed Yam Production Using Minisett Technique
in Oyo State, Nigeria. 2011. Available online: http://factsreports.revues.org/index659.html (accessed on
18 January 2018).

Anyiro, C.O.; Emerole, C.O.; Osondu, C.K.; Udah, S.C.; Ugorji, S.E. Labour-Use Efficiency by Smallholder
Yam Farmers in Abia State Nigeria: A Labour-Use Requirement Frontier Approach. Int. ]. Food Agric. Econ.
2013, 1, 151-163.

Maliki, R.; Toukourou, M.; Sinsin, B.; Vernier, P. Productivity of yam-based systems with herbaceous legumes
and short fallows in the Guinea-Sudan transition zone of Benin. Nutr. Cycl. Agroecosyst. 2012, 92, 9-19.
[CrossRef]

Ravi, V,; Aked, ].; Balagopalan, C. Review on tropical root and tuber crops I. Storage methods and quality
changes. Crit. Rev. Food Sci. Nutr. 1996, 36, 661-709. [CrossRef]

FAO. Yams: Post-Harvest Operations. 1999. Available online: http://www.fao.org/3/a-ax449e.pdf (accessed
on 18 January 2018).

Andres, C.; AdeOluwa, O.O.; Bhullar, G.S. Yam (Dioscorea spp.). Encycl. Appl. Plant Sci. 2016, 3, 435-441.
Kawate, M.K,; Kawate, 5.C.; Ogg, A.G.; Kraft, ].M. Response of Fusarium solani f. sp. pisi and Pythium
ultimum to Glyphosatel. Weed Sci. 1992, 40, 497-502.

Kwoseh, C.K,; Plowright, R.A.; Bridge, J.; Asiedu, R. Yam Farming in Ghana and nematodes in storage.pdf.
Sci. Techonol. 2005, 25, 36—-43.

Cornelius, E.W.; Oduro, K.A. Storage diseases of white yam (Dioscorea rotundata, Poir): Causes, varietal
susceptibility and control. J. Ghana Sci. Assoc. 1999, 1, 45-52.

Demuyakor, B.; Dukrog, T.M.; Chikpah, S.K. Yam Germplasm in Ghana—A Survey on Storage and Varietal
Properties of Dioscorea Rotundata—Alata in Northern Region of Ghana. Int. J. Sci. Technol. Res. 2013, 2,
170-175.


http://dx.doi.org/10.1071/BT9900341
http://dx.doi.org/10.1146/annurev.py.18.090180.001523
https://www.researchgate.net/publication/274696661_National_Analytical_Report_2010_Population_and_Housing_Census
https://www.researchgate.net/publication/274696661_National_Analytical_Report_2010_Population_and_Housing_Census
http://dx.doi.org/10.4103/0253-7176.116232
http://dx.doi.org/10.4314/wajae.v15i1.49424
http://dx.doi.org/10.9734/ajea/2013/3767
http://dx.doi.org/10.5539/sar.v4n1p106
http://ugspace.ug.edu.gh
http://dx.doi.org/10.1016/0308-521X(86)90127-7
http://teca.fao.org/read/4578
http://dx.doi.org/10.1016/j.scitotenv.2016.01.183
http://factsreports.revues.org/index659.html
http://dx.doi.org/10.1007/s10705-011-9468-7
http://dx.doi.org/10.1080/10408399609527744
http://www.fao.org/3/a-ax449e.pdf

Agriculture 2019, 9, 95 15 of 15

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Coursey, D.G. A Review of Yam Storage Practices and of Information on Storage Losses. J. Stored Prod. Res.
1967, 2, 229-244. [CrossRef]

Iyagba, A.G. A Review on Root and Tuber Crop Production and Their Weed Management among Small
Scale Farmers in Nigeria. ARPN ]. Agric. Biol. Sci. 2010, 4, 52-58.

Unamma, RP.A.; Melifonwu, A.A. Herbicides for “seed” yam production from “minisetts” in the rainforest
zone of Nigeria. Weed Res. 1986, 26, 115-120. [CrossRef]

Fargnoli, M.; lombardi, M.; Puri, D.; Casori, L.; Masciarelli, E.; Mandic-Rajcevic, S.; Colosio, C. The Safe Use
of Pesticides: A Risk Assessment Procedure for the Enhancement of Occupational Health and Safety (OHS)
Management. Int. |. Environ. Res. Public Health 2019, 16, 310. [CrossRef]

Abukari, W. The Pesticides Law and the Attitudes of Pesticides Dealers in the Northern Region of Ghana:
Implications for Environmental Security and Human Health. J. Environ. Earth Sci. 2015, 5, 106-114.

Ntow, W.J.; Gijzen, H.J.; Kelderman, P.; Drechsel, P. Farmer perceptions and pesticide use practices in
vegetable production in Ghana. Pest Manag. Sci. 2006, 62, 356-365. [CrossRef] [PubMed]

Wumbei, A. Risk Assessment of Applicator Exposure to Pesticides on Cotton Farms in Ghana. J. Environ.
Earth Sci. 2013, 3, 156-172.

Asfaw, S.; Mithofer, D.; Waibel, H. EU Food Safety Standards, Pesticides Use and Farm-level Productivity:
The case of High-value Crops in Kenya. J. Agric. Econ. 2009, 60, 645-667. [CrossRef]

De Gavelle, E.; de Lauzon-Guillain, B.; Charles, M.A.; Chevrier, C.; Hulin, M.; Sirot, V., Merlo, M.;
Nougadere, A. Chronic dietary exposure to pesticide residues and associated risk in the French ELFE cohort
of pregnant women. Environ. Int. 2016, 92-93, 533-542. [CrossRef]

Illyassou, K.M.; Adamou, R.; Schiffers, B. First diet survey in Niger River valley and acute risk assessment
for consumers exposed to pesticide residues in vegetables. Tunis. J. Plant Protect. 2018, 13, 243-262.
Wumbei, A.; Senaeve, D.; Houbraken, M.; Spanoghe, P. Pesticides residue analysis in yam from selected
markets across Ghana and Belgium: An evaluation of the QUECHERS method. Int. |. Food Contam. 2018,
5,4. [CrossRef]

Wumbei, A.; Goeteyn, L.; Lopez, E.; Houbraken, M.; Spanoghe, P. Analysis of glyphosate in yam: Challenges
and prospects. Food Addit. Contam.—Part B 2019. [CrossRef]

Wumbei, A.; Lpoez, E.; Houbraken, M.; Spanoghe, P. Consumption Risk Assessment of Pesticides Residues
in Yam. 2019; Unpublished.

Baharein, K.M.N. Case Study: A Strategic Research Methodology. Am. J. Appl. Sci. 2008, 5, 1602-1604.

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/0022-474X(67)90070-7
http://dx.doi.org/10.1111/j.1365-3180.1986.tb00684.x
http://dx.doi.org/10.3390/ijerph16030310
http://dx.doi.org/10.1002/ps.1178
http://www.ncbi.nlm.nih.gov/pubmed/16532443
http://dx.doi.org/10.1111/j.1477-9552.2009.00205.x
http://dx.doi.org/10.1016/j.envint.2016.04.007
http://dx.doi.org/10.1186/s40550-018-0066-1
http://dx.doi.org/10.1080/19393210.2019.1609098
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Survey 
	Field Trial 
	Land Preparation 
	Planting 
	Weeding 
	Staking 
	Harvesting and Storage 

	Data Collection 
	Data Analysis 

	Results 
	Socio-Demographic Characteristics of Respondents 
	System of Yam Farming 
	Yam Storage by Farmers 
	Yam Rots and Farmers Opinion on the Causes 
	Hypothesis Tests 
	Yield and Levels of Tuber Loss Due to Rots 

	Discussion 
	Conclusions 
	
	References

