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Abstract—Onion farmers' attitude toward a locally developed onion
harvester in the Philippines has been unstudied due to the unavailability of
the machine. Based on a respondent of 26 onion farmers, an acceptability
assessment of the onion harvester was implemented. Data were gathered
using questionnaires at two activities of actual hands-on operation and
lectures and analyzed using fisher's exact test. The ease of operation,
cleaning and maintenance, safety of operation, ease of transport, technical
field performance, adaptability, and investment viability were relevant
attributes used in the acceptability of the onion harvester. The majority of
the respondents positively accept the onion harvester. The user operation,
cleaning and maintenance, ease of transport, adaptability, and investment
viability are correlated positively to the willingness to buy or rent the
machine. Conversely, user safety, technical performance, and aesthetics are
not correlated with adoption. Since 38.5% of the farmers have no hand
tractor, the preferred acquisition is renting the onion harvester.

Index Terms—acceptability assessment, hand tractor, onion harvester

l. INTRODUCTION

Mechanization is one of the factors that have the greatest impact on boosting agricultural
productivity (Rivera, 2015, as cited in Negrete, 2019), enabling markets for rural economic
growth, and improving rural livelihoods (World Bank Group, 2016). The most contentious
form of mechanization is the adoption of harvest technologies for high-value crops because
of the large amount of labor involved (Schmitz and Moss, 2015). The development of an
onion harvester is a potential intervention to cater to the problems which contribute to poor
production such as untimeliness, insufficient manpower supply, and high postharvest losses
(Calica et al., 2018). Considering the Philippines' small-scale farming tradition, developing
an onion harvester hand tractor driven that is adaptable to the local practice would respond
to the call for mechanization. The machine, however, needs to be pilot tested before it can
be reproduced, sold, and utilized by farmers.

" Corresponding Authour: rabad@dmmmsu.ed.ph

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 399, 03022 (2023) https://doi.org/10.1051/e3sconf/202339903022
ICONNECT-2023

The focus of the pilot test is on the validation of the Agricultural Machinery Testing and
Evaluation Center (AMTEC) as prescribed in Republic Act 10601 of 2013 and the socio-
economic acceptability of farmers. These are requirements before it can be commercially
sold in the local market. This present study centered on farmers' socio-economic
acceptability as target users of the machine. Demont et al., (2001) clearly state that the
socio-economic acceptability of farmers is directly proportional to the machine adoption,
and only by diffusion and on-farm adaption can innovations pass their benefits to the
society. Smith et al. (1994) mentioned that farmers will only accept a machine if it provides
a solution to a problem keenly felt by the farm family, which means that it must be
compatible with the farming system and their needs, taking technical, social, and economic
factors into account. In addition, conducting a socio-economic acceptability test introduces
the harvester to the wide onion farming community. Some farmers are unaware of the
availability of a suitable machine that could aid in their usually tedious agricultural work
(Paras and Amongo, 2004). Marra et al. (2003, as cited in Dessart, 2019) noted that
information sharing is critical to the adoption of agricultural innovations within local
farming systems.

With these vital roles of farmers in technology transfer, the developed onion harvester
needs community acceptance through hands-on operation and perception survey. The onion
harvester is designed to the local condition for a single row with 6 to 7 hills/row. It has a
capacity of 299.05kg/h and a harvesting efficiency of 80.93%. The onion harvester requires
labor and cost of 10man-day/ha and PhP4,419.50/ha, respectively. While manual harvesting
requires labor and cost of 23 man-day/ha and PhP8,156.95/ha, respectively. The reduction
of 13man-day/ha and PhP3,737.45/ha signifies additional profit to farmers. This also
indicates that the machine is economically viable with a benefit/cost ratio (BCR) of 2.19.
During the peak season of harvest where labor is scarce, the unpredictable weather resulting
in damage/losses in the crop, and the high cost of labor; the adoption of an onion harvester
could answer these problems.

In the Philippines, that onion harvesting is a manual practice, and the development of an
onion harvester could pave the way for productivity in production. However, the onion
harvester needs to be assessed before farmers' adoption. Thus, this present study conducted
in the Province of La Union aimed to assess the farmers' perception of the acceptability of
the onion harvester through hands-on field operation. Specifically, it sought to (1)
determine the level of acceptability of the onion harvester attributes in terms of the ease of
operation, cleaning and maintenance, safety of operation, ease of transport, technical field
performance of the machine, adaptability to local field condition, and investment viability
of the machine, and (2) relate the level of acceptability to the willingness of farmers to buy
or rent the machine once available in the local market.

1I. METHODOLOGY

Research design

The study is a descriptive research and implemented the quantitative approach to accessing
the farmers' acceptability of the locally developed onion harvester. Specifically, a survey
method using a questionnaire was used to gather information such as demographic profile,
perception of the operation of the onion harvester, and the preferred mode of machine
acquisition. Correspondingly, frequencies and percentages were used to analyze the level of
acceptability and the Fisher's Exact Test to correlate the level of acceptability with the
willingness of farmers to buy or rent the onion harvester. Considering that the sample size
is small (n= 26) and the two (2) variables (level of acceptability and willingness to buy or
rent) are in categorical data, the Fisher's Exact Test is applicable.

Instrumentation and data collection
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This study implemented a survey among the two (2) onion farmers' cooperatives. These
cooperatives are the project collaborators that committed their farms as field test areas for
the onion harvester. These demonstration areas are located at Bauang and Aringay, La
Union with an area of 2,500 m” each. The activities involved lectures and actual operation
of the machine with onion farmers as respondents (Fig. 1). Each respondent is given 4
onion plots (25 m?) to harvest. Purposely, to determine if the machine has ease of
maneuverability/turning on the headlands.

The three-page questionnaire asked about the level of acceptability of the design, technical
field performance, adaptability to local conditions, and investment viability of the onion
harvester. The questions utilized the Likert-type Scale Response Anchors adopted from
Vagias, (2006) (Fig.2). Levels 1 through 7 were described as "totally unacceptable"(very
untrue of what I believe), "unacceptable" (untrue of what I believe), "slightly acceptable"
(somewhat untrue of what I believe), "neutral", and "slightly acceptable" (somewhat true of
what I believe), "acceptable" (true of what I believe), and "perfectly acceptable" (very true
of what I believe), respectively.

A total of 26 respondents that operated the onion harvester were given questionnaires and
collected right after the field test. It involves 7 females and 19 males. Purposely, to
ascertain if the machine is gender-sensitive that could be operated by both sexes. During the
answering of the questionnaire, a project staff carefully explained it to each respondent.
Thus, no missing important data in the collected responses.

e

Figure 1. Onion farmers' hands-on 6peraﬁdh of the onion harvester.
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Figure 2. Acceptability Linear Numeric Scale.
Data analysis
The data analysis is dependent on the responses of onion farmers in the given questionnaire
which are collected, tabulated, and finalized for computation. To meet the requirements in
acquiring the percentages of the level of acceptability, each onion harvester attribute was
carefully tabulated in order. This tabulated data were analyzed using IBM ® SPSS ®
Statistics Version 26. After the acquisition of percentages, it was presented using a bar
graph to easily visualize the result. If the responses do not cover all the 7 levels, then it will
not appear as zero (0) percentage in the result. Only the levels of acceptability with
responses were given importance in the analysis.
To attain the other objective of relating the level of acceptability to the willingness to buy
or rent the machine, it utilizes the Fisher's Exact Test. The Pearson Chi-square could also
be used however, some cells have expected counts of less than 5. Also, it is applicable for a
large sample size where n > 30. From the result of the correlation, when the p-value <0.05,
it is significant which indicates that the level of acceptability for a specific onion harvester
attribute is important in the farmers' perception of adopting the machine. Otherwise, if the p
value> 0.05, it is not significant which indicates that the specific onion harvester attribute is
not a hindrance to machine acquisition.

Sample Description
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The sample contains a larger fraction of males at 73.1% and 26.9% of females (Table 1)
which could imply that both sexes are interested in onion harvesting mechanization. The
highest educational attainment is secondary at 65.4% which could be connected to the
research of Palis (2016) that farmers educate their children to be exempt from tedious
farming jobs or work abroad. The age of a farmer is highest at 46-55 years old (46.3%)
followed by 56-65 years old (26.9%). This could be related to Moya et.al, (2015) that
farmers are decreasing due to aging. The aging of farmers and the education of farmers'
children could lead to a shortage of labor in the years to come. The majority of the farmers
are a member of an onion cooperative. The highest onion farming experience was at 3-6
years (43.3%) followed by 6 years and above (42.3%). It could imply that farmers are well
versed in onion production. Most farmers are tenants with rent at 46.2% and during onion
harvesting, the source of labor are the members of the family.

The source of income is farming. Since the cropping intensity for onion is one (1) cropping
per year, farmers practice intercropping, as the main crop during the wet season is rice. The
soil type for onion production is sandy loam, thus 84.6% of the farmers grew onion in this
type of soil. Before onion harvesting, 61.5% practiced non-tapping of onion leaves and only
onion bulbs are delivered to market. Almost the majority of the respondents have unpaved
farm-to-market roads. To reduce the cost of operation, the availability of a hand tractor to
power the onion harvester is necessary. However, only 61.5% owned a hand tractor and
38.5 % has no hand tractor. The ownership of hand tractors is related to Abad, (2021) that
the level of mechanization in La Union, Philippines is 2.30 hp/ha; considered as low
compared to other advanced countries. This indicates that not all farmers have access to

machinery.
TABLEL TABLE |. DEMOGRAPHIC DESCRIPTION OF RESPONDENTS (N=26)

Description Measure Values

Male 73.1%

Gender Female 26.9%

Elementary 7.7%

Education Secondary 65.4%

Tertiary 26.9%

25-35 11.5%

A 36-45 15.3%

£e 46-55 46.3%

56-65 26.9%

Membership in a farmers’ cooperative Onion Cooperative 100%
1-3 years 14.4%

Onion Farming Experience 3-6 years 43.3%

6 years and above 42.3%

Owned 30.8%

Tenure status onion farm Tenanted with rent 46.2%
Tenanted without rent 23.1%

Family 46.2%

Source of labor for onion harvesting Hired 38.5%
Hired and Family 15.4%

Source of income - Farming 92.3%

Farming and Livestock 7.7%
Cropping Intensity Once cropping per year 100.0%

Sandy Loam 84.6%

Farm soil Silty Loam 11.5%

Loam 3.8%
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Farmers practice before harvesting onion Trimmed 38.5%
Untrimmed 61.5%

Onion product marketed Leave}ngLszulbs 93687:;10

Farm to market road status U}I)l?)‘;fl(id 932830{2
Ownership of hand tractor o hoalr(ilfrictor gé;:ﬁ

IIL. RESULTS AND DISCUSSION

The onion harvester is driven by a Philippine designed hand tractor

The onion harvester designed for the Philippine field condition (Fig. 3) is a machine that

combines digging, lifting, cleaning, and collecting onion simultaneously in one operation. It

is a machine that harvests a 50 cm wide plot or a single plot with 6 to 7 hills/row. The

onion harvester weighs 50 kg for ease of transportation and hitching. It is mounted at the

rear portion of the hand tractor through a single-point hitch. '
=R A s )

Figure 3. Prototype onion harvester attached to hand tractor.
Level of acceptability of the onion harvester
The onion farmers' level of acceptability of the onion harvester attributes is positively rated
from neutral to totally acceptable. The user operation (Fig.4) covers noise level, ease of
turning/maneuverability, 60 minutes maximum duration of attaching/detaching to the hand
tractor, ease of adjusting parts, and ease of conveying harvested bulbs rated neutral (3.8%),
slightly acceptable (11.5%), acceptable (30.8%) and perfectly acceptable (53.8%). This
indicates that 84.6% of farmers accept the design workability of the machine without
certainty. However, 15.3% are doubtful. This could be attributed to maneuverability in
other fields. Since the field is fragmented or divided into 4 areas and has high headlands
due to flood irrigation, the transferring of the machine to other fields needs greater force,
especially since 26.9% of the respondents are females.
The cleaning and maintenance (Fig.4) covering ease of cleaning parts and ease of
lubrication of parts rated neutral (3.8%), slightly acceptable (14.4%), acceptable (26.9%),
and perfectly acceptable (53.8%). These ratings indicate that 80.7% are certain that ease of
cleaning and lubrication is manageable.
The user safety (Fig.4) covers the operator's safety from moving parts, transporting the
machine, safety during maintenance, and the availability of the operator's manual rated
acceptable at 80.8%. This could mean that farmers believed that the design of the machine
prioritizes the safety of the operator. The availability of the operator's manual drafted
following the Philippine Agricultural Engineering Standards [PAES] 102:200 increased the
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farmers' perception that the provision of proper guidance during operation and safety is
prioritized.

The ease of transport (Fig.4) covering the provision of side wheels, machine weight of 55
kg, and machine size of 123 cm x 57cm x 50cm (1 x w x h) rated 84.6% acceptable. This
could indicate that farmers believed the machine is easy to transport and size is adaptable to
the hand tractor. Since the machine is hitched to the hand tractor, the design considers
ergonomics for the operator to walk freely during forward operation. The remaining
uncertain farmers of 15.3% could be attributed to the weight of the machine requiring 1 to 2
persons to carry during transport.

The aesthetics covering (Fig.4) the workmanship and the materials used are standard and
locally available rated 80.7% acceptable. This could mean that the fabrication of the onion
harvester considers outside appearance that is appealing to farmers for marketability in the
local market. Since the materials used are locally accessible during repair and maintenance,
thereby spare parts could be easily manufactured. This is related to the importance of spare
parts as it allows farmers to formulate a smart decision on the adoption of the onion
harvester. Also, the availability of spare parts could boost the acquisition of the machine
(Philippine Council for Agriculture, Forestry and Natural Resources Research and
Development [PCARRD], (2009). The remaining uncertain farmers of 9.6% could be
attributed to the absence of spare parts readily fabricated during the hands-on operation.
The adaptability (Fig.4) covers the harvesting of sunken bed and raised bed, 50 cm working
width, harvesting of trimmed onion, the reduction from manual to mechanical of 13 man-
days/ha, and fuel consumption of 77.20 li/ha fuel rated 80.7% acceptable. This could mean
that the farmers perceived the onion harvester as adaptable to local field conditions. Also,
the fuel consumption is economical compared to the high cost of labor for manual
operation. The remaining 19.2% of uncertain farmers could be attributed to not trimming
onion leaves before harvesting. 38.5% of farmers practiced trimming while 61.5% practiced
not trimming (Table 1). Manual trimming is practiced when the onion is harvested. Thus, it
is for manual operation. However for harvesting with machinery, to prevent the blocking of
onion leaves into the conveyor, trimming is recommended.

The viability of investment (Fig.4) covers the purchasing of an onion harvester at
PhP42,820 per unit, fuel consumption at Php4,720, maintenance cost of the machine at
PhP567.77/yr, and savings of PhP3,280/ha from manual operation cost of PhP8,000/ha
rated 80.7%. This indicates that farmers perceived an increase in profit and acquisition of
the machine as viable. The break-even point is 4.86 ha/yr, the payback period is 2.03 years,
and the BCR is 2.19 (Abad, et al. 2022). This investment attributes point out that the
machine is viable. The remaining uncertain farmers of 19.2% could be attributed to the
continuous increase of fuel in the local market.

Viability of Investment T
Adaptabilty “EETTTETTETT R

Technical Performance i .77
Aesthetics  TET T T R

Ease of transport T - /77,

User Safety i |

v

Cleaning and maintenance

Use Operation

0% 20% 40% 60% 80% 100%

] Totally Acceptable B Acceptable
B Slightly Acceptable Neutral

Figure 4. Level of acceptability of the onion harvester.
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Level of acceptability attributes as correlated to the acquisition of the onion harvester

The intention to buy the onion harvester can be expected to be influenced by the advantages
and disadvantages of mechanizing the onion harvesting operation. The major advantages
include the design adopting the field conditions in the country, could answer the shortage of
labor during the peak season of harvest, and the economic returns of PhP3,280/ha. The
major disadvantages include the acquisition of hand tractors if unavailable, thereby,
additional cost to the farmers, and the small landholdings of farmers dedicated to onion
production ranging from 0.25 to 1 ha.

The results of correlating the level of acceptability attribute to the willingness to buy or rent
the machine shown in Table 1, revealed 3 attributes that do not affect the farmers'
perception. User safety, aesthetics, and technical field performance are significant factors in
the acquisition of the machine. This could mean that farmers are not interested in the safety
of operations. As the machine is easily operated and the controls are accessible to the
operator. Also, there are no protrusions that could cause an accident during operation and
all moving mechanisms are away from the operator. Second is the aesthetics, which could
mean that farmers are not particular about the appearance of the machine as long as
workable and it meets their preferences. And last is the technical field performance which
could mean that farmers do not focus on the capacity and efficiency. They gave complete
importance to the user operation, cleaning and maintenance, transport of machinery,
adaptability, and investment viability. Based on the results, these attributes are related to
their decision on willingness to buy or rent the machine. However, since the farmers'
landholdings range from 0.25 to lha and the break-even area is 4.86 ha/yr (Abad et al,
2022), it is best to rent the onion harvester for the investment to be viable.

TABLE 1. TABLE 2. RESULT OF FISHER'S EXACT TEST BETWEEN WILLINGNESS TO BUY OR
RENT AND THE ATTRIBUTES OF THE ONION HARVESTER

Attributes of the
. n Value p
onion harvester
User Operation | 26 | 6.53 0.048"
Cleaningand | 0| 3¢ 0.006"
Maintenance
User Safety 26 6.18 0.068™
Transport of wox
Machinery 26 8.00 0.020
Aesthetics 26 5.87 0.108™
Willingness to Technical b
buy or rent Performance 26 6.13 0.098
Adaptability | 26 | 10.73 0.002"
Tnvestment | ¢ | 5 g 0.035"
viability

*=p<0.05,**=p<0.01

IV. CONCLUSION

Revisiting the objectives that lead to the exploration of the collected data, the implemented
analysis yields a useful result. The actual hand on-operation and delivered lectures to the
onion farmers prior to answering the questionnaire is effective as the result points out a

7
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positive perception of the onion harvester. The attributes of the onion harvester such as user
operation, cleaning and maintenance, user safety, transport of machinery, aesthetics,
technical performance, adaptability, and investment viability are acceptable. Correlating
this onion harvester attributes to the willingness to buy or rent, the user safety, aesthetics,
and technical performance are less important. The onion farmers give greater importance on
the user operation, cleaning and maintenance, transport of machinery, adaptability, and
investment viability. The preferred adoption in through renting the onion harvester.
Considering the small parcels of land dedicated for onion production and incomplete
owning of hand tractor, it is best to rent the machine.
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