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Introduction
• The goal of reducing food losses (production and

postharvest losses) is articulated in SDG Target
12.3

• In the interest of abating postharvest losses
and expanding farmer’s income, the Philippine
government has been ramping up its investments
on cold storage facilities.

• In 2019, there are 14 cold storage facilities in
Nueva Ecija with a capacity of 2.42 million bags or
72,000 metric tons (MT) of onion (Southeast
Asian Regional Center for Graduate Study and
Research in Agriculture, 2022).

Nueva 
Ecija

Source: vectorstock.com



Introduction
• Since 2022, however, at least four cooperatives have received cold

storage facilities under state funding in the province of Nueva Ecija
(Department of Agriculture Philippine Rural Development Project (DA
PRDP), 2023; Philippine News Agency, 2023).

• An additional 5,100 MT can be stored and thus presents an opportunity
for small-scale farmers to augment their profit on top of their net
returns on farm production.

• Considering that onion is a highly seasonal crop (i.e., it is only planted
once a year), farmers can take advantage of a high price during the
lean season (LS).

• During LS, prices are higher than the average monthly price by 46.8%
(December). During peak harvest season, prices are lower by 39.4%
(March).

Seasonal indices are based on authors’ calculation and basic data is obtained from the Philippine Statistics Authority



Review of related literature
• Empirical evidence shows that transaction costs and risk aversion

serve as roadblock in exploiting intertemporal price arbitrage.
• Cardell and Michelson (2022) considered a model to reflect

household’s decision to store or sell grains after harvest and
found that risk averse farmers tend to opt out of storage
because of the possibility of negative returns.
• Using bivariate logit and probit regression, longer distance

from the farm to a passable road (Gitonga et al., 2013) reduces
the likelihood of adopting metal silos (i.e., grain storage) or the
distance from a market stall to the cold storage reduces the
likelihood of use (Takeshima et al., 2022).



Review of related literature
• Wealth (total land area owned), liquidity measures, and factors

that increase farmers’ capacity make it more likely for farmers to
use the storage technology.
• Using a multivariate sample selection model, access to credit

and off-farm income reduces the likelihood of market entry as
sellers in the harvest period (Stephens and Barrett, 2010).
• The greater the land area owned and the more quantity sold

by the farmer will also lead to greater likelihood of cold storage
use (Minten et al., 2014).



Review of related literature

• Cooperative membership and training related to
improved storage technology increases their likelihood
of adoption (Alemu et al., 2021; Bokusheva et al.,
2012).



Objective

• In the Philippines, cooperatives engaged in onion
production recently received cold storage facilities that
are expected to increase the involvement of
farmers in the practice of onion storage.
• Thus, this paper examines the factors that are
associated with the use of cold storage
technology in Nueva Ecija, Philippines.



Methodology

• Study area: Nueva Ecija is the major producer of onion in
the country providing 58.5% to the national production and
it also has the most number of cold storage facilities.
• The municipality of Bongabon and the city of San Jose are
chosen since they have the greatest volume of production in
both Red Creole and Yellow Granex varieties. Each area also
has one cold storage facility provided by the Department of
Agriculture. The top three producing villages are then
selected.



Cold storage facility in San Jose City, Nueva Ecija, Philippines
Source: Department of Agriculture



Methodology
Sampling procedure
• DA High Value Crops Development Program provided a list of

onion farmers and was considered the sampling frame.
• Since the proportion of farmers who are using the cold storage

technology is unknown, a proportion of 50% is assumed. Margin
of error was set at 5% and confidence level at 95%.
• The computed sample size exceeds 5% of the population

(N=946). Using Cochran’s sample size correction formula, the
appropriate sample size is 214.
• As of January 2024, there are 169 farmer respondents and initial

insights and model estimations are based on this sample.



Methodology
Sampling procedure

• Since there is a considerable variation in the population 
of farmers across villages, stratified random sampling 
with proportional allocation was used.

Municipality Population (N) Sample size (n)
Bongabon

Vega
Pesa
Kaingin

128
119
61

29
27
14

San Jose City
Tayabo
San Agustin
Villa Marina

253
217
168

57
49
38

Total 946 214



Methodology

• Data collection: pre-testing of 
questionnaires, training of 
enumerators, and the actual 
interview with farmers were 
conducted from December 2023 
to February 2024



Methodology
Types of data collected

• Socio-economic, farm, and risk characteristics;
production, marketing and storage behavior; and costs
and benefits associated with the use of cold storage facility.
• The harvest and off-season in 2023 was considered in
collecting data on production, marketing, and storage.
• The marketable surplus was calculated by deducting the
quantity consumed and given away from the harvest.
• The marketable surplus is categorized into: onion sold
immediately after harvest, onion sold after cold storage,
and postharvest loss.



Methodology
Data analysis

• Descriptive statistics was used to characterize the 
onion farmers across their socioeconomic, farm, and 
risk characteristics. 
• For quantitative data, comparison of means using t-
test and medians using Mann-Whitney U test were 
employed as a preliminary step to determine the factors 
that are associated with cold storage use. 
• For qualitative data, comparison of proportion using 
Chi-square test of independence was used.



Methodology
Estimation strategy

• Binary logit model was employed to identify the 
factors affecting the use of cold storage technology.
• 𝑌!∗ = 𝛽#𝑥! + 𝜀!, 𝐷!= {$,&'()*+!,)

-,!. /!
∗0$

• 𝑌!∗ is the unobserved preference of farmer i representing 
the latent utility on the use of cold storage technology 
• 𝛽# is the vector of coefficients representing the effect of 
unit changes in the vector of observable factors, 𝑥!. The 
selection of covariates is based on the literature review 
and initial farm survey and are summarized in Table 1.



Variable Description
Use Onion farmer used the cold storage technology after the harvest season in

2023
Total land area Total land area for agricultural production in hectares
Total land area for onion Total land area allocated for onion production in hectares
Total quantity sold Marketable surplus that was sold in kilograms
Distance The distance from the farm to the closest cold storage facility in

kilometers
Profit last season The profit of farmer from onion production in 2022 in Philippine pesos
Age The age of the farmer in years
Farming experience Number of years in farming
Formal education Number of years spent in formal education
Price expectation The farmer expected the price of onion to increase after the harvest

season
Cooperative membership The farmer is a member of a cooperative
Training The farmer attended a training on postharvest management
Access to formal credit Farmer loaned from either a bank, cooperative, or a microfinance

institution
Off-farm income Farmer has access to off-farm income
Farmer under financier Trader provided inputs to the farmer as loan
Risk averse Risk aversion based on the hypothetical investment choice method
Stored previously dummy The farmer stored onion prior to 2023

Table 1. Description of variables



Variables Mean Standard 
deviation

Coeff. of 
variation

Median Skewness Shapiro-Wilk p-
value

Total quantity sold 18,413.20 49,625.60 269.51 4,725.00 5.34 0.000
Total land area 1.77 2.97 167.80 1.00 5.47 0.000
Total land area for 
onion

1.20 2.12 176.67 0.10 5.19 0.000

Distance 22.65 17.60 77.70 19.00 0.36 0.000
Profit in 2022 97,573.96 342,147.88 350.65 41,000.00 1.90 0.000
Age 53.87 11.52 21.38 55.00 -0.15 0.233
Farming experience 28.53 13.06 45.78 29.00 0.26 0.009
Formal education 9.36 2.92 31.20 10.00 -0.08 0.000

Table 2. Summary statistics and test of normality on quantitative explanatory variables, 
169 farmer respondents, Bongabon and San Jose City, Nueva Ecija, Philippines, 2023

Only age is normally distributed. Total quantity sold, total land area, total land area for 
onion, and profit in the last cropping season is positively skewed.

On the average, farmers allocated 0.10 hectares for onion production with a median quantity
sold of 4,725.00 kg or 157.50 bags.



Variables Non-user (n=148) User (n=21) p-value
Total quantity sold 4,410.00 27,900.00 0.000
Total land area 0.80 2.00 0.000
Total land area for onion 0.50 1.75 0.000
Distance 25.00 8.00 0.029
Profit last season 30,000 100,000.00 0.033
Age 55.00 57.00 0.297
Farming experience 29.00 30.00 0.429
Formal education 10.00 10.50 0.035

Table 3. Median and mean comparison between users and non-users of cold 
storage technology, 169 farmer respondents, Bongabon and San Jose 
City, Nueva Ecija, Philippines, 2023

At a glance, it seems that socio-economic characteristics are unrelated with
participation in cold storage activity.

Total quantity sold, total land area, total land area for onion production, distance, and
profit from onion production last season are statistically different between users and
non-users.



There are two common modes of financing, samak and
pabuto system.
Samak is an Ilocano term for profit sharing wherein farmers rely on
either a trader or another farmer (collectively called as financiers) for
their inputs. All the costs are incurred by the farmer and after deducting
the total cost from the gross revenue, the profit is shared between the
farmer and financier.

Farmers who are reliant on financiers are forced to 
liquidate their harvest immediately

Variables Non-user (n=148) User (n=21) p-value
Farmer under financier

No financier
With financier

107 (72.30%)
41 (27.70%)

21 (100.00%)
0 (0.00%)

0.006

Table 4. Comparison of proportion between users and non-users of cold 
storage technology, 169 farmer respondents, Bongabon and San 
Jose City, Nueva Ecija, Philippines, 2023



Farmers who are reliant on financiers are forced to 
liquidate their harvest immediately

Variables Non-user (n=148) User (n=21) p-value
Farmer under financier

No financier
With financier

107 (72.30%)
41 (27.70%)

21 (100.00%)
0 (0.00%)

0.006

There are two common modes of financing, samak and
pabuto system.
In pabuto system, the financier typically provides the seed (buto is the 
Tagalog term for seed) and in return, the farmer needs to pay the seed 
plus the interest and must sell all the harvest to the financier.

Table 4. Comparison of proportion between users and non-users of cold 
storage technology, 169 farmer respondents, Bongabon and San 
Jose City, Nueva Ecija, Philippines, 2023



Farmers can avail fertilizer and insecticide from a small warehouse of the financier’s residential lot.
Financier accounts for the quantity of input availed.

Urea fertilizer (left) and insecticides (right) from the residence of a financier in Bongabon



Variables Non-user (n=148) User (n=21) p-value
Access to off-farm income

No access
With access

98 (66.22%)
50 (33.78%)

6 (28.57%)
15 (71.43%) 0.001

Farmer-trader
Not a trader
Also a trader

146 (98.65%)
2 (1.35%)

12 (57.14%)
9 (42.86%)

0.000

Table 4. Comparison of proportion between users and non-users of cold 
storage technology, 169 farmer respondents, Bongabon and San 
Jose City, Nueva Ecija, Philippines, 2023 (continuation)

Participation in onion trading increases the capacity of 
farmers to engage in cold storage activity

Additional sources of income include agricultural wages (seasonal
farm labor), non-agricultural wage (construction), and self-
employed income (convenience store, agricultural supply store, and
agricultural products trading)



Variables Non-user (n=148) User (n=21) p-value
Cooperative membership

Not a member
Member

135 (91.22%)
13 (8.78%)

12 (57.14%)
9 (42.86%) 0.000

Training
Not attended
Attended

136 (91.89%)
12 (8.11%)

12 (57.14%)
9 (42.86%)

0.000

Table 4. Comparison of proportion between users and non-users of cold 
storage technology, 169 farmer respondents, Bongabon and San 
Jose City, Nueva Ecija, Philippines, 2023 (continuation)

Members of cooperative seems to drive cold storage 
activity (particularly on Bongabon farmers)

7 of 9 respondents who are members of a cooperative are from
Vega Primary Multipurpose Cooperative (PMPC) in Bongabon,
Nueva Ecija. The members of Vega PMPC can store onion without a
specific volume requirement.

Meanwhile, Kalasag Farmers Producers Cooperative (another
recipient of cold storage facility) practice storage as an organization.



Training on postharvest management seems to drive cold 
storage activity

• DA Philippine Rural Development Project and the DA Philippine
Center for Postharvest Development and Mechanization has been
providing trainings to the farmers that are related on proper
storage techniques.
• As an anecdote, a farmer mentioned that the cooperative was

advised to put the onion in an anteroom with a temperature of
about 17 degree Celsius before subjecting the onion to the cold
storage. For Yellow Granex onion, the appropriate temperature
ranges between 2 to 5 degrees Celsius while Red Creole onion
needs to be stored at 0 degrees Celsius.



Estimation strategy

Variables Parsimonious model
Coeff. p-value dy/dx p-value

Intercept -13.410 0.000 - -
Total quantity sold (log) 1.219 0.000 0.087 0.000
Wald 𝜒! 30.40
Prob 𝜒! 0.0000
Pseudo 𝑅! 0.3187

Table 5. Logit regression showing the average marginal effects of total quantity 
sold on use of cold storage technology, 169 farmer respondents, 
Bongabon and San Jose City, Nueva Ecija, Philippines, 2023

A parsimonious model is shown above. The bivariate regression model already 
has a decent explanatory power with a pseudo R-squared of 0.3187.
An increase in the quantity of onion sold (in logarithm) increases the 
likelihood of cold storage use by 8.7%.  



Volume requirement serves as a barrier 
in using the cold storage facility
• This conforms the typical reason of farmers regarding their
non-participation of storage. Privately owned cold storage
facilities require at least 30,000 kg or 1,000 bags of onion
(Median quantity sold is only 4,725 kg).
• That is why it is evident that those farmers who engaged
in trading have the capability to store since they are able
to consolidate the onion bought from several smallhold
farmers.
• Farmers who are members of a cooperative also have
the opportunity to store since there is no strict volume
requirement being imposed.



Variables Long logit model
Coeff. p-value dy/dx p-value

Intercept -31.69 0.003 - -
Total quantity sold (log) 1.227 0.054 0.033 0.083
Total land area 0.008 0.954 0.000 0.953
Distance 0.102 0.086 0.003 0.024
Profit from last season 0.000 0.584 0.000 0.570
Age 0.098 0.340 0.002 0.268
Farming experience 0.072 0.430 0.001 0.466
Formal education 0.011 0.950 0.000 0.950
Expect 2.057 0.081 0.055 0.054
Risk averse 0.133 0.618 0.004 0.594
Cooperative membership 2.364 0.017 0.063 0.023
Training 3.130 0.023 0.084 0.023
Access to formal credit -3.360 0.033 -0.090 0.043
Access to off-farm income 2.931 0.076 0.079 0.077
Farmer-trader 9.123 0.001 0.246 0.000
Stored previously 5.402 0.131 0.145 0.029
Wald 𝜒! 31.68
Prob 𝜒! 0.0071
Pseudo 𝑅! 0.7598

Table 6. Logit regression showing the average marginal effects of various 
factors on use of cold storage technology, 169 farmer respondents, 
Bongabon and San Jose City, Nueva Ecija, Philippines, 2023



Previous storage behavior
• Previous storage behavior increases the likelihood by 14.5%. The

percentage of those who stored in 2022 and the preceding years
is 25.4% (43) while the adoption rate in 2023 is only 12.4%
(21).
• 2023 is a unique year in the sense that the farmgate price

considerably increased.
• Price attracted both farmers and traders to sell immediately thus

reducing the rate of cold storage use.

Price (USD/kg) March 2022 (PSA data) March 2023 (survey data)
Red Creole onion 0.68 1.08
Yellow Granex onion 0.26 0.90

Table 7. Farmgate price of onion during peak harvest month, 2022 and 2023



Summary
• Recent developments in the Philippine onion industry include

investments on cold storage technology to abate postharvest losses
and to provide farmers an option to increase their profit.

• However, there are still barriers to adoption such as liquidity
constraints, transaction costs, and risk aversion. Thus, the paper
examined the factors that are associated with use of cold storage
technology in Bongabon and San Jose City, Nueva Ecija, Philippines.

• Results show that members of a cooperative are more likely to use cold
storage. The collective action and clustering approach which are the
key tenets of a cooperative can be a solution to the strict volume
requirement being implemented by privately owned cold storage
facilities.



Recommendation for future 
research
• Previous storage behavior is also positively associated with use

of cold storage. Given that farmgate prices in 2023 are relatively
high as compared to the previous year, some of the farmers who
stored previously decided to sell onion immediately.
• Panel data series which considers the farmgate price of onion

may be explored to enhance external validity further leading to a
better understanding of storage behavior.
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Thank you for listening!
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