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STORAGE PERFORMANCE OF BULB ONION
 (Allium cepa L.) IN NON-REFRIGERATED 

STORAGE SYSTEM 
Rodelio G. Idago1, Domingo R. Miranda2, Ma. Cecilia R. Antolin3 and Edgar D. Flores4

ABSTRACT

	 The study aimed to evaluate the storability of bulb onion (Allium cepa L.) in 
non-refrigerated storage system (NRS) using the extent and rate of storage losses as 
indicators of storage performance. NRS  in this study refers to storage  systems that 
utilize ambient or higher temperature and relative humidity (RH) conditions to extend 
the shelf life of bulb onion. Two types of NRS were investigated: 1) Hanger ambient 
storage (HAS) and 2) High-temperature storage (HTS). Cold storage which is the prin-
cipal storage system applied for onion was used as control. Percentages of physiological 
weight loss, sprouting, rotting were measured and recorded at 14 days interval over the 
224 days storage period. Results revealed that percentage physiological weight loss and 
sprouting loss is not significantly different between HAS and HTS. However, percent-
age rotting loss in HTS is significantly lower (P<0.05) compared with HAS throughout 
the storage period suggesting that elevated temperature can effectively minimize the 
occurence of rotting in bulb onion. Comparing HTS and HAS with cold storage, per-
centages physiological weight loss, rotting and sprouting is significantly lower (P<0.05) 
in cold storage throughout the storage period. In 70 days, total storage loss in HAS, 
HTS and cold storage were recorded at 12.15%, 11.52% and 9.07%. This increased to 
42.87%, 38.92% and 21.80% in 140 days, respectively. Total storage loss for HAS, HTS 
and cold storage after 224 days were recorded at 93.45%, 85.25% and 37.87%, respec-
tively. With acceptable level of storage loss in eight weeks averaging over 8%, the result 
of the study suggests that NRS can be potentially applied for short to medium duration  
storage of bulb onion. 
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INTRODUCTION

	 Onion (Allium cepa L.) is one of 
the Philippines’ major economic crops. The 
Philippines has an annual average produc-
tion of 280,747 MT bulb onion  with an es-
timated value of Php 26.95B (PSA, 2018). 
The onion industry is also a major source 
of employment in the countryside creat-
ing an estimated labor demand of 95 man-
days ha-1season-1 or equivalent to 1,207,023 
man-days season-1 at 120-day period of 
onion production, to include the labor re-
quirement from production to postproduc-
tion, excluding the labor for marketing and 
retailing (Calica, et al.;  1999). An essential 
condiment and a common ingredient for 
every household, the country’s per capita 
consumption is 2.37 kg yr-1  (PSA; 2012).
 
	 While the onion crop provides im-
mense opportunities both in the domestic 
and export market, the onion industry is 
confronted with challenges. Among which 
is the high postharvest system losses. Study 
on postharvest losses conducted by BPRE 
and PHTRC UPLB (2009) revealed that on-
ion’s system loss ranges from 45%  to 65% 
from the farm to the stall retailers. Majority 
of these losses occurs during storage peri-
od. To prolong its shelf life and preserve 
its marketable attributes, onion is stored 
in commercial cold storage facilities for a 
maximum storage period of eight months. 

	 However, the service fee of cold 
storage is expensive because of high ener-
gy cost. Also, access to these commercial 
facilities is often limited and economical-
ly practical only for traders handling big-
ger volume (Idago et al., 2015). In effect, 
smallholder onion farmers which represent 
majority of the players that contribute to 
the country’s local production doesn’t have 
direct access to these storage facilities be-
cause of the relatively smaller volume they 
handle averaging only 10.58 MT season-1 
at 1.29 hectares average production area 
(Castillo, 2008).  

	 The time gap between harvesting 
and on-farm marketing and the volume of 
supply during harvest period highly influ-
ence the prevailing market price of onion. 
Inevitable market glut during peak harvest 
placed smallholder farmers in a disadvan-
taged position in the market trade. If small-
holder onion farmers can program their 
marketing for two to four months after har-
vest, they can wait for  better price.  Hence, 
alternative storage system other than cold 
storage such as non-refrigerated storage 
system would be very practical and within 
the farmers’ reach considering their limited 
resource. For smallholder farmers, it will 
be a window to attain higher gains while at 
the same time reducing the country’s actual 
energy demand  for storing onion in cold 
storage facilities.

	 Non-refrigerated storage systems 
(NRS) are storage technologies or practic-
es that do not apply refrigeration system 
which is typical for cold storage. The study 
of Jallorina et al. (2012) on the storage of 
bulb and shallot onions underscored that 
onion can be effectively stored in near am-
bient condition of 35oC  for almost four 
months. Several studies also support the 
findings that onion can be effectively stored 
in a non-refrigerated condition for shorter 
storage period (Dabhi,et al., 2008; Opara, 
2003;)  

	 However, there is scarce informa-
tion on the technical performance of the 
NRS when specifically applied for red bulb 
onion under Philippine conditions. To ad-
dress this gap, the study aimed to assess the 
storage performance of bulb onion under 
NRS. Specifically, the study determined 
the extent of storage of storage losses such 
as physiological weight loss, rotting and 
sprouting losses when applied under farm-
ers level of operation. Experimental design
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METHODOLOGY

Experimental design 

	 The study applied repeated mea-
sure experimental design to determine the 
progress of storage losses across the differ-
ent storage systems. Storage losses such as 
physiological weight loss, sprouting and 
bulb rot were recorded at 14 days, interval 
for 224 days. Under each storage system, 36 
red bags of 25 kg each were used as storage 
samples. With the type of storage system as 
the only treatment, each storage treatment 
has 36 replications with each red bag as 
the experimental unit. Every 14 days, each 
bag was weighed and data on physiologi-
cal weight loss, sprouting and rotting were 
recorded throughout the 224 days storage 
period. Storage conditions such as tempera-
ture and RH were also recorded using data 
loggers.  

NRS Evaluated and Cold Storage 
as Control

	  Hanger ambient storage (HAS). 
The HAS is a storage structure that uses 
natural ventilation. It is made up of com-
binations of concrete columns and beams 
with steel-framed galvanized roofing (Fig-
ure 1) Designed as a two-storey building 
structure, the flooring is made of 2in x 2in  
wooden slat  spaced at 1 inch apart. The 
walls on all sides are covered with 2” x 2” 
steel screen to allow unrestricted movement 
of air for maximum natural ventilation. On-
ion in red bags of 25kg each are stacked two 
to threelayers with 1m spacing in between 
to allow ease of movement of people during 
regular inspection and cleaning of infected 
onion bulbs (Figure 2). This type of storage 
facility was distributed by the Department 
of Agriculture in 2013 in major onion pro-
ducing provinces such as Nueva Ecija and 
Nueva Vizcaya as a short-duration storage 
facility for onion.  

Figure 1. Hanger ambient storage structure Figure 2.  Stored onion bulb  in red bags 
                 inside HAS.
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	 High-temperature storage (HTS). 
The tunnel type UV  plastic covered struc-
ture was utilized as high-temperature stor-
age. Inside temperature in this structure is 
higher at daytime hence providing the ef-
fect of higher temperature storage condi-
tion. (Figure 3). 

	 Onion in crates at 25kg each were 
stacked at 3 layers and provided with work-
ing space on both sides to allow movement 
during regular inspection and cleaning 
(Figure 4). This structure popularly known 
as “greenhouse”  among onion farmers was 
likewise distributed by the Department of 
Agriculture. A farmer scientist claimed that 
onion stored in this greenhouse structure 
can last longer compared to hanger storage 
that uses ambient temperature and RH con-
dition. 

	 Cold storage. The commercial cold 
storage facility owned and operated by the 
KASAMNE onion growers cooperative 
was used for the storage of onion samples 
as control.

Storage temperature inside the cold room 
is maintained at 1C throughout the storage 
duration which lasted for 224 days.  
  
Bulb onion samples 

	 The Red Pinoy onion cultivar  was 
used as storage sample. Red Pinoy is popu-
larly and widely grown among local onion 
farmers in major onion producing areas. 
The study followed the typical pre-harvest 
and postharvest operations practiced by on-
ion farmers in the field.  Onion bulbs were 
harvested 90 days after transplanting (DAT) 
which is already mature as indicated by 
bending of leaves and drying of bulb neck 
which is used as index of maturity. Bulb 
necks were manually cut or trimmed 1-2 
inches above the bulb using sickle which 
is the traditional method used by farmers. 
Onion of good qualities, completely free of 
defects, medium size (2-3 inches in diame-
ter or 40 to 50 grams average weight) was 
used as storage samples.

Figure 3. Hanger ambient storage structure Figure 4. Hanger ambient storage structure
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Analytical Tools 

	 The storage performance of the dif-
ferent storage systems were anawas based 
on percentages of physiological weight 
loss, bulb rot sprouting and marketable 
bulb. The formula used for the computation 
of these performance indicators are pre-
sented below.

Percentage weight loss (%WL)

	 Weight loss refers to physiological 
weight loss of the onion bulb which is large-
ly due to water  loss. Percentage weight loss 
(%WL) was computed  using the formula:

              %WL= IW0 - FWt    x 100
                               IW0

where:

      %WL = weight loss,  in percent
        IW0 = weight of bulb onion at day 0, 
                  in grams
        FWt= final weight of bulb onion at day  
                 t, in grams

Percentage bulb-rot (%BR)

	 Rotten bulb refers to decaying of 
onion bulb which is manifested by darken-
ing and oozing of moisture from the neck 
and softening of the bulb. Unpleasant rot-
ting smell is also an immediate indication 
of rotting onion. Percentage bulb rot (%BR) 
was computed using the formula:

                %BR = BRt  x 100
                             IW0

where:

          %BR = bulb rot, in percent
           BRt = weight of rotten bulb at day t, 
                     in grams
           IW0 = weight of bulb onion at day 0, 
                     in grams

Percentage sprouted bulbs (%SB)

	 A bulb is considered to have sprout-
ed when leaves emerge from the bulb neck. 

Percentage sprouted bulb (%SB)  was com-
puted using the formula:

              %SB = SBt x 100
                          IW0

where:

          %SB = sprouted bulb, in percent
             SBt = weight of sprouted bulb at day  
                     t, in grams
          IW0 = weight of bulb onion at day 0, 
                     in grams

Analysis of Variance

	 Analysis of variance (ANOVA) was 
used to determine if there was statistical-
ly significant differences among the three 
storage systems. The difference among 
treatment means were analysed using Bon-
ferroni post hoc test. Statistical data was  
analysed using the SPSS software.

RESULTS AND DISCUSSION

Temperature and relative humidity 

	 Daily mean values of temperature 
and relative humidity are plotted in Figures 
5 and 6. The temperature inside the Hang-
er and high temperature followed a similar 
pattern with the prevailing ambient condi-
tion with significantly (P<0.05) higher val-
ues observed for HTS. The range of tem-
perature for HTS and HAS is 27-39°C, and 
22-34°C, respectively. On the other hand, 
the mean temperature inside the cold stor-
age is 0°C with temperature range of -0.5°C 
to 0.4°C. Among the storage methods, the 
relative humidity inside the HTS had the 
lowest mean value at 77% as compared to 
HAS and cold storage at 80% and 86%, re-
spectively. On the other hand, the relative 
humidity inside the cold storage is consis-
tent throughout the storage period being a 
closed system. Whereas in HAS and HTS 
the  RH ranges from 65-93% with high-
er values observed on 112th day onwards 
since this period coincided with the onset 
of rainy season in the study area.
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                    Figure 5.  Daily mean temperature.

Figure 6.   Daily relative humidity.
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Physiological weight loss

	 The result of  ANOVA showed no 
significant (P>0.05) difference between 
HAS and HTS in relation to physiological 
weight loss throughout the storage peri-
od (Table 1). However, the physiological 
weight loss in cold storage is significant-
ly lower than HAS and HTS Physiological 
weight loss of stored bulbs increases pro-
gressively with increase in storage period 
for all storage methods (Figure 7). Accordi-
ng to Endalew et al., (2014) the initiation 
of sprouting also contributed to increase in 
physiological weight loss in bulb.

Sprouting 

	 Sprouting was first observed 84 
days after storage both in HAS and HTS 
while sprouting in cold storage was first 
observed after 140 days. Sprouting loss 
of stored bulbs increases progressively 
with increase in storage period for all stor-

age systems (Figure 8). Mean sprouting 
percentage between HAS and HTS is not 
significantly different  almost throughout 
the storage period (Table 2). Sprouting in 
cold storage is significantly (P>0.05) lower 
than HAS and HTS incurring only 2.78% 
at the end of storage period. Low percent-
age sprouting in cold storage is attributed to 
near zero temperature that maintained the 
onion bulbs dormant.  

	 On the other hand, the high percent-
age sprouting observed in HAS and HTS 
can  be attributed to high relative humidity 
on  the 112th day ranging from 85-93% as 
this period  already coincides with the peak 
rainy season in the study area in the months 
of July to September.

Days After Storage	                                                      Storage Method
	                                                  
                                                              HAS	                                  HTS	                            Cold Storage

           14	                             2.72a	                              2.61a	                               0.63b

           28	                             4.47a	                              4.63a	                               1.81b

           42	                             6.40a	                              6.35a	                               3.52b

           56	                             8.28a	                              8.21a	                               8.12a

           70	                            10.57a	                             10.35a	                              9.07b

           84	                            11.85a	                             11.36a	                               9.76b

           98	                            12.87a	                             12.46a	                             10.74b

          112	                            15.45a	                             16.11a	                              14.68a

          126	                            18.31a	                             18.36a	                             16.41b

          140	                            22.46a	                              20.77a	                             17.94b

          154	                            27.33a	                              23.63b	                             18.86c

          168	                            30.19a	                              28.57a	                             20.96b

          182	                            33.21a	                              31.02a	                             22.05b

          196	                            34.43a	                              32.40a	                             23.60b

           210	                            34.99a	                              32.93a	                             23.69b

           224	                            35.26a	                              33.13a	                             23.81b

Table 1. Percentage mean values of cumulative physiological weight loss of stored onion under 
             different storage methods; Nueva Ecia, 2014.

*In each row, means followed by a common letter are not significantly different at 5% level using Bonferroni post hoc test.
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Figure 7. Physiological weight loss of stored bulb onion 

Table 2. Percentage mean values of cumulative sprouting loss of stored onion under different 
              storage methods; Nueva Ecija; 2014.

Days After Storage	                                                      Storage Method
	                                                  
                                                      Hanger	                      High Temperature	                 Cold Storage

           14	                       0.00a	                            0.00a	                                   0.00a

           28	                       0.00a	                            0.00a	                                   0.00a

           42	                       0.00a	                            0.00a	                                   0.00a

           56	                       0.00a	                            0.00a	                                   0.00a

           70	                       0.00a	                            0.00a	                                   0.00a

           84	                       0.06a	                            0.04ab	                                   0.00b

           98	                       0.14a	                            0.07a	                                   0.00b

          112	                       0.28a	                            0.14b	                                   0.00c

          126	                       0.42a	                            0.29a	                                   0.00b

          140	                       1.96a	                            1.94a	                                   0.58b

          154	                       2.61a	                            2.60a	                                   0.99b

          168	                       4.47a	                            4.46a	                                   1.21b

          182	                       5.39a	                            5.39a	                                   1.50b

          196	                       5.97a	                            6.00a	                                   2.65b

          210	                       6.02a	                            6.04a	                                   2.69b

          224	                       6.10a	                            6.13a	                                   2.78b

* In each row, means followed by a common letter are not significantly different at 5% level using Bonferroni post hoc test.



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
9

Figure 8. Sprouting of stored bulb onion. 

Table 3. Percentage mean values of cumulative rotting loss of stored onion under different 
              storage methods; Nueva Ecija; 2014.

Days After Storage	                                                      Storage Method
	                                                  
                                                      Hanger	                      High Temperature	                 Cold Storage

           14	                        0.18a	                              0.02b	                                 0.00b

           28	                        0.25a	                              0.06b	                                 0.00c

           42	                        0.40a	                              0.13b	                                 0.00c

           56	                        0.49a	                              0.20b	                                 0.00c

           70	                        1.58a	                              1.17b	                                 0.00c

           84	                        2.73a	                              2.19b	                                 0.43c

           98	                        3.87a	                              3.05b	                                 0.76c

          112	                        8.25a	                              6.25b	                                 1.64c

          126	                       13.47a	                             10.20b	                                2.26c

          140	                       18.45a	                             16.21b	                                3.28c

          154	                       27.07a	                             22.89b	                                4.46c

          168	                       36.44a	                             32.85b	                                 5.39c

          182	                       45.54a	                             39.66b	                                6.01c

          196	                       49.95a	                             43.78b	                                8.96c

          210	                       51.47a	                             45.47b	                                9.68c

          224	                       52.09a	                             45.99b	                               11.28c

* In each row, means followed by a common letter are not significantly different at 5% level  using Bonferroni post hoc test.
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Rotting 

	 Rotting was first observed both in 
HAS and HTS 14 days after storage. In 
cold storage it was first observed on the 
84th day of storage period. Rotting percent-
age in HAS is significantly (P<0.05) higher 
than HTS and cold storage from the 28th 
days onward (Table 3). This suggests that 
rotting can also be minimized using higher 
temperature creating a condition that is not 
favorable for mold growth, other than the 
use of very low temperature such as cold 
storage. 

	 On the 154th day, percentage rot-
ting is  27%  and 23% for HAS and HTS, 
respectively and only 4% in cold storage. 
After 224 days  about half, 46% and 52%, 

have already rotted in HAS and HTS, re-
spectively,  with only 11% in cold storage. 

Total storage loss 

	 Total storage losses which comprise 
of physiological weight loss, rotting and 
sprouting is significantly higher (P<0.05) 
in HAS and HTS as compared with cold 
storage with HAS becoming significantly 
higher than HTS from 126th day onwards 
(Table 4). Among the storage methods, total 
loss in cold storage had the lowest recorded 
value at 37.87% after 224 days followed by 
HTS and HAS  at 85.25%  and 93.45%, re-
spectively (Figure 10).
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Figure 9. Rotting of stored bulb onion 

To
ta

l l
os

se
s, 

%

Figure  10   Total storage loss  of stored bulb onion



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
11

Table 4. Percentage mean values of cumulative total loss of stored bulb onion under different 
             storage methods; Nueva Ecija; 2014.

Days After Storage	                                                      Storage Method
	                                                  
                                                      Hanger	                      High Temperature	                 Cold Storage

           14	                        2.90a	                              2.63a	                                 0.63b

           28	                        4.72a	                              4.69a	                                 1.81b

           42	                        6.80a	                              6.48a	                                 3.52b

           56	                        8.77a	                              8.41a	                                 8.12a

           70	                       12.15a	                             11.52a	                                 9.07b

           84	                       14.64a	                             13.59a	                               10.19b

           98	                       16.88a	                             15.58a	                               11.50b

          112	                       23.98a	                             22.50a	                               16.32b

          126	                       32.20a	                             28.85b	                               18.67c

          140	                       42.87a	                             38.92b	                               21.80c

          154	                       57.01a	                             49.12b	                               24.31c

          168	                       71.10a	                             65.88b	                               27.56c

          182	                       84.14a	                             76.07b	                                                      29.56c

          196	                       90.35a	                             82.18b	                               35.21c

          210	                       92.48a	                             84.44b	                               36.06c

          224	                       93.45a	                             85.25b	                               37.87c

* In each row, means followed by a common letter are not significantly different at 5% level using Bonferroni post hoc test.

CONCLUSION 

	 The study evaluated the storability 
of bulb onion by measuring and evaluating 
the different forms of storage losses: physi-
ological weight loss, rotting and sprouting,  
under three storage systems: HAS, HTS 
and cold storage as control, in 224 days us-
ing Red Pinoy cultivar of bulb onion. 

	 The results revealed that there is no 
significant difference in physiological and 
sprouting losses between HTS and HAS. 
In terms of rotting loss however, the  HTS 
has significantly lower values as compared 
with HAS suggesting that HTS’ elevated 
temperature storage condition can effec-
tively minimize the occurrence of rotting in 
bulb onion. 

	 The elevated temperature of 5-10 oC 
over ambient temperature creates a condi-
tion that is not favorable for mold growth 
that promotes rotting. With total storage  
loss of 8.41%  and 8.77% in 56 days and 
increasing to 22.50% and  23.98% in 112 

days for HTS and HAS,  respectively, sug-
gests that NRS can be potentially applied 
for short to medium duration  storage of 
bulb onion.  
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THE INFLUENCE OF AGRICULTURAL TRAMLINE 
SYSTEM ON LAND USE IN UPLAND FARMING

Rodelio G. Idago1 and Carmelita M. Rebancos2

ABSTRACT

	 The study aimed to assess the influence of agricultural tramline system (ATS)  on 
land use in the remote farming uplands in Benguet, Philippines. ATS is a mechanical con-
veyance system similar to the principle of a cable car designed as a transport facility of ag-
ricultural products in locations inaccessible by road.  A survey of 310 farmers representing 
the “with ATS” and “without ATS” was conducted in three major farming municipalities 
using structured survey questionnaire. Land use change was analysed by comparing data 
on land use types between 2008 and 2018. Data were analysed using descriptive statistical 
methods, t-test and regression analyses to measure significance in differences  and disag-
gregate the effect of ATS on land use. The results revealed that idle lands increased signifi-
cantly (P<0.01) by 4.26% between 2008 and 2018. For areas serviced with ATS land use 
for agriculture increased significantly (P<0.01) by 6.38% in contrast with  land use as forest 
which was significantly (P<0.01) reduced by 4.31% suggesting that a portion of forested 
areas were converted for agricultural production.  Regression analysis results suggest that 
amongst the drivers of these land use change is the presence of ATS (P<0.1). Looking at the 
rate of inputs utilization, farms “with ATS” had significantly (P<0.01) higher rates of inputs 
utilization particularly organic fertilizer which represents the bulk of fertilizer used in the 
uplands in the form of chicken manure. Similarly, one of the drivers of this behaviour is 
the presence of ATS. Consequently, average yield for temperate vegetables like cauliflower, 
potato, carrot, and chayote were also significantly (P<0.01) higher in areas with ATS.  The 
effects of ATS in the remote farming uplands of Benguet can be divided into two land use 
issues: 1) its positive influence on the productivity of the uplands and 2) the  potential neg-
ative long term effect due to conversion of forest areas to agriculture. This information will 
be vital for policy makers and program planners who may intend to maximize the potential 
of the technology in addressing the problem of transport to increase the productivity of the 
marginal uplands without compromising sustainability. 
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INTRODUCTION

	 The Philippines is a country char-
acterized by vast areas of rolling to moun-
tainous regions. The highlands, with a slope 
above 18% which is  categorized as  rolling 
to steep landform  constitute  about 55% of 
the land surface of the country  (Cruz et al., 
1986). Predominantly relying on agricul-
ture, majority of the population in the high-
lands depend on farming as a major source 
of livelihood particularly those that are sit-
uated under rural setting. The agriculture 
sector is one of the key economic sectors of 
the country next to industry and services in 
terms of gross national product (GNP) val-
ue. 

	 In spite of its relatively low contri-
bution to  GNP of only 9%  (Phil. Statis-
tics Authority; 2018), the agriculture sector 
provides employment for about one-third 
of the country’s population, including its 
critical role  in addressing the country’s 
food security.

	 The vast highland of the country 
offers  a number of opportunities and chal-
lenges.  Owing to its cool climatic condi-
tion the highlands make it ideal for the pro-
duction  of high value temperate vegetables 
(Dela Cruz et al., 2000) hence, salads in 
the supply chain are produced from these 
mountainous regions. 

	 On the other hand, owing to the 
rugged topography however, movement 
of products to and from the remote farms  
is costly and difficult. This is due to lack 
and/or poor road access, making traditional 
manual hauling the only mode of transport 
still practiced by the upland farmers (Idago 
and Ranola, 2009). 

	  In these remote and rugged produc-
tion areas, construction of road is techni-
cally difficult and economically unviable to 
maintain due to its inherent vulnerability to 
landslides during inclement weather, ham-
pering the highlands productivity.

	 In an effort to address the problem 
the government, spearheaded by the De-
partment Agriculture (DA), engaged on a 
nationwide program of establishing ATS in 
selected mountainous producing  areas.  A 
tramline (Figures 1 and 2 ) is a transport fa-
cility that uses steel cables and pulleys,  and 
motorized prime mover, similar to the prin-
ciple of cable cars,  to move products from 
the production areas to the nearest road. 

	 The objective of the tramline pro-
gram was to mechanize the transport of 
farm input/output and  replace manual 
hauling, making it faster, efficient  and im-
proves the working condition of the upland 
farmers (Paz, et al. 2017; Tesorero; 2017).  
Also, it was intended to enhance upland 
farms productivity and maximize contribu-
tion of these remote areas to food security 
and poverty alleviation. 

	 Already  more than 15 years since  
the tramline program was implemented, 
there were about 129 tramlines constructed 
nationwide (Paz et al., 2017) where major-
ity of which are situated in the mountain-
ous regions of  Luzon, specifically in the 
Cordillera Administrative Region where  
Benguet province, the “salad bowl” of the 
Philippines, is situated. 

	 The provision of ATS in the high-
lands offer upland farmers more favorable 
working  conditions as well as economic 
opportunities that influence  their land use 
decisions.  Being a more efficient transport 
system, it induces upland farmers to modify 
land use system (Idago and Ranola, 2012). 

	 However, the highlands is consid-
ered a fragile ecosystem, and production in 
steep slopes would expose the system to en-
vironmental problems such as soil erosion, 
water contamination, sedimentation of riv-
er system (Rola, 2004;  Briones, 2005). 

	 Understanding how ATS influence 
the uplands through their land use change 
response and their consequences would re-



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
15

veal how benefits can be enhanced while 
mitigating the negative impacts. This can 
provide vital information for decision mak-
ers on designs of sustainable rural devel-
opment interventions  specifically intended 
for the marginalized uplands. 

	 Against this background, the study 
aimed to measure  the effects of ATS on 
land use in the remote farming uplands of 
Benguet where it was first established.

METHODOLOGY

Time and place of the study

	 The  study was conducted in 2018 
in major temperate vegetable growing  mu-
nicipalities of Benguet province.  Benguet 
is geographically located between 160 33’ 
N latitude and 120o 34’ to 120o 52’ E longi-
tude. 

	 It is bounded by Mt. Province on 
the North, Pangasinan on the South,  Ifugao 
and Nueva Vizcaya on the East and by La 
Union and Ilocos Sur on the West. 

	 The province is geographically 
mountainous  characterized by rugged, ir-
regularly patterned ridges, canyons and 
peaks, many of which are above 2,400 me-
ters above sea level (masl) in elevation. The 
slope classification of  Benguet ranges from 
gently sloping to very steep. 

	 Of the total land area, more than 
half have very steep slopes (slope gradient 
of 84% and above) while almost one-sev-
enth belong to the steep slope category (51-
84%) slope (PDPFP; 2018).  

Figure 1. One of the ATS’ established  by DA Figure 2. A private tramline put-up by farmers 
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Sampling and selection of respondents

	 Assessing the effects of ATS on 
land use required comparing two scenari-
os: “with ATS” and “without ATS”. Hence, 
purposive sampling was done with the fol-
lowing type of  respondents described as 
follows:

1. Farmers “without ATS” - referring to   
    farmers in remote farms that has no 
    direct access to farm-to-market road and 
    generally utilized  manual methods in 
    their farm operations from land prepara
    tion, crop management and hauling of  
    agricultural products.

2. Farmers “with ATS” – referring to farm-
   ers  in remote farms that  are serviced by  
   ATS in the transport of  their agricultural 
   products. The required sample size (n) 
   was computed using Slovin’s formula:                                                  

                     n = N / (1 + Ne2)	

where:
                 n = sample size
                 N = population size
                 e = error tolerance (0.05)

	 With an  estimated population size 
(N) of 250 representing the of upland farm-
ers “with ATS”  the sample size (n) for each 
classification of farmer-respondents  was 
computed as:

         n =  250/ (1 + 250 (0.05)^2
            = 250/ (1 + 0.625)
            = 153.8, or about 155 farmer
                respondents

Land use type allocations,  inputs utili-
zation and average yield

      This section describes the methods used 
for the computation of the effect variables. 
In the computation of land use types urban 
land use was not included since a great ma-
jority of the farmers interviewed have their 
residences situated in the village while their 
parcels of land located a few kilometres 

away situated in terraced mountains where 
farming activity is concentrated. Hence, 
ATS  in general has no direct effect on ur-
ban land use allocation. The formula used 
for the computations of effect variables are 
presented below:

Percentage land use-agriculture  (%LUa)

	 Agriculture land use refers to land 
use type  that is devoted and  maintained for 
agriculture measured in percentage. Per-
centage land use-agriculture (%LUa) was 
computed  using the formula:

              %LUa =   LUa/TA  x 100

where: 

      %LUa = Land use for agriculture, in 
                     percent
        LUa = agricultural area, in m2
        TA= total land area, in m2

Percentage land use-forest  (%LUf)

	 Forest land use refers to land use 
type that is under natural cover not engaged 
in human activity except as a source of 
water and fiber materials, measured in per-
centage. Percentage land use-forest (%LUf) 
was computed  using the formula:

                  %LUf = LUf  x 100
                                 TA
where: 

   %LUf = Land use for forest, in percent
      LUf = forest area, in m2
        TA= total land area, in m2

Percentage land use-idle  (%LUf)

	 Idle land use refers to land use type 
that was cultivated before but for a long 
period of time is now in a state of disuse, 
abandoned or in a state of fallow, measured 
in percentage. Percentage land use idle 
(%LUi) was computed using the formula:
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                  %LUi =  LUi  x 100
                                  TA                                
where: 

         %LUi = Land use as idle, in percent
             LUi = idle land area, in m2
                TA= total land area, in m2

Rate of fertilizer utilizaton  (FU)

Fertilizer utilization refers to the average 
number of bags of fertilizer, categorized 
into organic and synthetic, per unit area per 
crop per season, measured in bags/hectare/
season. The crops grown included cauli 
flower, potato, cabbage, carrot and  chayo-
te.  Fertilizer utilization (FU) was comput-
ed using the formula:

                    FU =  F
                               A
where: 
                                  
      FU = fertilizer utilization, in bags/  
               hectare/ season
         F = no. of bags applied
         A= land area, in m2

Average yield  (Y)

	 Average yield refers to the total 
weight of harvest per unit area per crop per 
season, measured in kg/ha. Average yield 
(Y) was computed using the formula:

                              Y =  W
                                      A

where: 

               Y = average yield, kg/ha
              W = weight of harvest per crop
               A = farm area, in m2

Methods of Analyses

	 Descriptive statistical methods. 
This was used for data on socioeconomic 
characteristics and farm  profile of farm-
er-respondents. Quantitative data such as 
rate of inputs utilization, percentage  allo-

cation of land uses, size of area, household 
income, distance of farm to market center, 
yield per hectare, etc. were  presented using 
mean values. For qualitative data such as 
types of land uses, crops grown, land tenure 
etc., frequency count or frequency distribu-
tion was applied. 

	 T-test. This statistical analysis was 
used to determine if there is significant dif-
ference on  the  effect variables represented 
by the “with ATS” and “without ATS”.  The 
effect variables were as follows: 1) percent-
age allocation of  land use types; 2) organic 
fertilizer utilization 3) inorganic fertilizer 
utilization, and 4) average yield  

	 Regression Analysis.  This statisti-
cal analysis was used to estimate the influ-
ence of ATS  on the effect variables. The 
specifications of the regression models are 
presented below:

Land use type allocation model 

                   f (I, A, T, f, ts, d, y, l)

	 In equation form, the model is spec-
ified as:
	              
     LU = a +β1I + β2A + β3T + β4f + β5ts+-        
              β6d  + β7y + β8l + µ

where:

              LU = land use, in percentage
                a = model’s constant
                I = on-farm income, in pesos
                A = total land area, in hectares
                T  = tramline dummy; 1=with; 
                        0=without
	     f = farm type dummy; 1=irriga-
                      ted; 0=rainfed
               ts = tenurial status dummy; 1= 
                      owner; 0= leaseholder
              d = distance of farm from nearest 
                     road, in kilometers
	   y = years of experience in farm=
                     ing, in years
	   l = number of family labor
              µ = error term
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Fertilizer utilization model

                 f ( T, tr, d, I, ts, A)

In equation form, 

FU= a +β1T + β2tr + β3d + β4I + β5ts + β6A + 
µ

where:

        FU = fertilizer utilization, in bags/
                  hectare
           a = model’s constant
           T = tramline dummy; 1=with; 
                  0=without
          tr = agricultural trainings attended, 
                 in years
          d = distance of farm from nearest 
                road, in kilometres
          I = on-farm income, in pesos
         ts = tenurial status dummy; 1= own-
                er; 0= leaseholder
         A = total land area, in hectares
         µ = error term

Average yield model
            
             (AY) L= f( O, IO, ts, tr, d)

	 In equation form, using Cobb-Doug-
las function:

ln (AY)= a +β1lnO + β2lnIO + β3ln(ts) + 
β4ln(tr)+- β5ln(d) + µ
                 
where:
               AY = kg/ha
                 a = model’s constant
                 O = rate of organic fertilizer 
                        use, in bags/ha	
               IO = rate of inorganic fertilizer 
                        use, in bags/ha
               ts = tenurial status dummy; 1= 
                      owner; 0= leaseholder
               tr = agricultural trainings atten-
                     ded, in years
               d = distance of farm from nearest                 
                      road, in kilometres

RESULTS AND DISCUSSION

Land use change 

	 Land use change can be aptly de-
fined as  a change of a land use category 
or a change in intensity of a particular land 
use (Briassoulis;2000). In the case of agri-
cultural land use, an example of a change 
in intensity will be a change in the  rate of 
material inputs use in agricultural produc-
tion. The land use change was determined 
by comparing the survey results  in  2008 to 
the survey results conducted in  2018. 

	 While  the use of GIS  and remote 
sensing is available to measure changes 
in  land use by analysing  satellite imagery 
taken  between two time periods, the small 
parcels of land (around 4,000m2 per farmer)  
however made it practically  impossible to 
observe such changes. Hence, survey meth-
od at the ground level was used through in-
terviews to determine land use allocations. 
Results revealed that land use allocations 
for agriculture and forest did not change 
after 10 years. On the other hand, land use 
as idle lands increased significantly by 4.26 
percent (Table 1) suggesting that a portion 
of the forest and mainly agriculture was 
freed up or unutilized.

	 On the other hand, comparing the 
“with ATS” and “without ATS” for 2018, 
land use for agriculture is significantly 
higher for areas serviced by ATS (Table 2). 
However, areas with ATS had significantly 
lesser forest area (4.31%), suggesting that 
the presence of  ATS encourages expansion 
of agriculture  by converting  forested/natu-
rally covered areas for agricultural produc-
tion. 

	 Facilitating the movement of ag-
ricultural products provide incentives for 
land owners to engage more areas for ag-
ricultural production through opening up 
forest lands.  
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Table 1. Land use type in percentage allocation between 2018 and 2008.

                         ITEM	               2018                    2008                       MEAN DIFFERENCE
                                                          n=309	             n=180	
Land use, agri (%)                      85.46	            85.92	                          -0.46ns
Land use, forest (%)	               6.90	              7.31	                          -0.41ns
Land use, idle (%)	               7.14	              2.88	                           4.26***

Table 2. Land use type in percentage allocation between with and without in  2018.

                         ITEM	               WITH                    WITHOUT                    MEAN DIFFERENCE
                                                            n=155	                       n=155	
Land use, agri, (%)                      89.07	                     82.24	                       6.83***
Land use, forest(%)	                4.90	                       9.21	                      -4.31***
Land use, idle (%)	                5.06	                       6.17	                      -1.12ns
Land use, others (%)	                0.097	                        0.51	                      -0.41ns

 *** significant at 1% level of significance
       ns - not significant at 10% level 

*** significant at 1% level of significance
         ns - not significant at 10% level 

Drivers of land use change

	 In any land use change study, the 
first question is “What drives these land 
use changes?” (Lambin et al. 2003).  This 
question was addressed  by regressing land 
use allocation for agriculture against the 
socioeconomic and biophysical conditions 
prevailing in the area. Results of the regres-
sion analysis revealed that the presence of  
tramline, average land area, tenurial status 
and source of income influence the choice 
of land use in the area (Table 3). 

	 The presence of ATS positively in-
fluence the percentage allocation for agri-
cultural land use as it provides a  more effi-
cient, cost-effective and mechanical means 
of moving agricultural products in the area. 

Rate of fertilizer utilization

	 Comparing the utilization of organ-
ic fertilizer between farms with and with-
out ATS revealed that majority of crops ser-
viced with ATS were utilizing significantly 
higher amount of organic fertilizer (Table 
4). 

	 Based on key informants interview, 
the cost of transport is one major deterrents 
in applying the recommended amount of 

fertilizer. The presence of ATS that reduced 
the costs and drudgery transport addressed 
this limitation leading to higher rate of fer-
tilizer use.

	 To establish what influences this 
behaviour, rate of organic fertilizer appli-
cation (bags/ha/season per crop) was re-
gressed against selected biophysical and 
socioeconomic predictors (Table 5). Results 
revealed  that ATS,  in general, significantly 
influenced the increase in fertilizer use.

	 For inorganic fertilizer utilization,  
some of the crops (cauliflower, carrots and 
chayote) situated in areas with ATS applies 
significantly higher amount of inorganic 
fertilizer (Table 6).

	 Regressing inorganic fertilizer uti-
lization rate against selected predictors 
revealed that ATS, and partly, distance, in-
come and size of land area influenced the 
rate of inorganic fertilizer use (Table 7). 

	 The presence of ATS that addresses 
the problem of moving agricultural prod-
ucts to and from the farm  encourages in-
tensive use of production inputs.
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Table 3. Result of the regression model of land use for agriculture; Kabayan, Atok and Tublay 
              Benguet; 2018.  

PREDICTORS	                                    COEFFICIENTS	              SIGNIFICANCE LEVEL
Constant	                                        65.77***	                              0.00
On-farm income	                           2.84**	                                           0.07
Total area	                                       -0.001***	                              0.00
Tramline dummy                                      4.01*	                                           0.10
1=with;   0=without	
Farm type	                                        2.92ns	                                           0.26
Land tenure	                                        6.58***	                                          0.00
Distance of farm from road	             -2.00ns	                                           0.19
Years of experience in farming	              0.12ns	                                           0.89
No. of family labor	                           0.40ns	                                           0.48

Adjusted R2=0.30
*** significant at 1% level of significance
**   significant at 5% level of significance      
*   significant at 10% level of significance
ns - not significant at 10% level 

Table 4. Rate of organic fertilizer application of farms “WITH” and “WITHOUT” tramline 
               transport facility in Kabayan, Atok and Tublay, Benguet; 2018.

CROPS GROWN                             FERTILIZER UTILIZATION RATE                    DIFFERENCE
                                                                               (bags/ha/season)
                                                                     WITH                          WITHOUT      	
  Cauliflower   (WS)	                      102.00	                      53.59	                    48.41**
                         (DS)  	                      100.00	                     147.00	                   47.00ns

  Potato           (WS) 	                       256.60	                     99.07	                   157.53**
                        (DS)	                       193.00	                     90.00	                   103.00**

 Cabbage        (WS)                              327.78	                    122.65	                   204.63***
                       (DS)	                        276.9	                    125.46	                   151.44***

 Carrot          (WS)   	                        120.15	                     43.77	                    76.38**
                      (DS)	                         92.45	                     46.20	                    46.25*

Chayote	                                      73.59	                     69.88	                    3.71ns

*** significant at 1% level of significance
**   significant at 5% level of significance      
*   significant at 10% level of significance
    ns - not significant at 10% level 
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Table 5. Summary of the result of regression models for organic fertilizer utilization for 
              various crops; Kabayan, Atok and Tublay,  Benguet. 2018.

CROPS	                                         PREDICTORS AND LEVEL OF SIGNIFICANCE                          
	                  C                    T                  Tr                     D                   I                   t               A
Cauliflower	 9.90             27.11          3.75                7.05            7.68           12.83       -0.07
                          0.63	        0.00	 0.76	           0.14	   0.05	          0.08        0.00

Potato	               6.39           83.88          84.31               16.18        -12.43          -77.15      0.00
                           0.92	         0.09            0.02	            0.38	     0.43	            0.61      0.98

Cabbage	 286.00       188.00       -150.45              44.16         14.20          -132.83    0.001
                             0.15	        0.07	 0.20	            0.68	     0.69	             0.36      0.32

Carrot 	             110.38         40.02          25.20               -1.99          -16.72           115.80    -0.01
                            0.06	        0.08             0.50	            0.90	     0.12	               0.00	 0.01

Chayote	 12.55        -13.43            7.96                -3.43            8.53             5.46      0.00
                            0.74	        0.19	 0.32	           0.46	     0.37	            0.77      0.86

Note: For each crop numbers on the first row correspond to coefficients while numbers on the second row correspond to 
level of significance.

Table 6. Rate of inorganic fertilizer application of farms “WITH” and “WITHOUT” tramline 
             transport facility in Kabayan Atok and Tublay, Benguet; 2018.

CROPS                                               FERTILIZER UTILIZATION RATE                    DIFFERENCE
                                                                               (bags/ha/season)
                                                                     WITH                          WITHOUT      	
 Cauliflower     (WS)	                      66.42	                      26.65	                    39.77**
                         (DS)  	                      60.77                              55.20                             5.57ns 

  Potato            (WS) 	                      21.70                              10.85                            10.85ns

                         (DS)	                      16.41                                9.00                             7.41ns

 Cabbage         (WS)                            31.00                              14.29                            16.71ns

                        (DS)	                      21.67                               13.37                             8.30ns

 Carrot           (WS)   	                       39.46                              19.29                            20.17*
                       (DS)	                       34.26                              18.00                            16.26**

Chayote	                                     12.3                                8.19                              4.11**
*** significant at 1% level of significance
**   significant at 5% level of significance      
*   significant at 10% level of significance
    ns - not significant at 10% level 
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 Table 7. Summary of the result of regression models for inorganic fertilizer utilization for  
               various crops; Kabayan, Atok and Tublay,  Benguet. 2018.

CROPS	                                         PREDICTORS AND LEVEL OF SIGNIFICANCE                          
	                  C                    T                  Tr                     d                   I                   t               A
Cauliflower	 10.00          27.00           3.75                7.05            7.68          12.87      -0.007
                            0.63	         0.00	 0.77	           0.14	   0.05            0.07        0.00

Potato	              12.00           -5.30           4.79               -4.70           3.04          38.55     -0.002
                            0.36	         0.47	 0.48	           0.20	   0.26	         0.00       0.04

Cabbage	 32.00          10.04         -17.62              -5.93          4.45            -14.2     -0.002
                           0.15	         0.38	 0.19	           0.62	  0.27	          0.38      0.32

Carrot 	              38.00          17.32            -7.43              9.45          1.50            -8.51      -0.01
                           0.06	         0.02	   0.57	           0.07	  0.68	         0.33       0.00

Chayote	 5.71             0.48              0.31              0.05          0.03             0.02       0.00
                          0.21	        0.68	   0.74	           0.92	 0.98	        0.99       0.18

Note: For each crop numbers on the first row correspond to coefficients while numbers on the second row correspond to level 
of significance.

CROPS	                                                                  YIELD, kg/ha/season)                MEAN DIFFERENCE
                                                                     WITH                            WITHOUT	

 Cauliflower     (WS)	                      39,134                           18,451                      20,683***
                         (DS)  	                      39,724                           28,600                      11,124ns

 Potato             (WS) 	                      17,479                           10,135                       7,344***
                         (DS)	                      16,904                             9,855                       7,049***

 Cabbage         (WS)                            18,500                            18,206                        294ns

                        (DS)	                       25,250                           15,034                       10,216*

 Carrot           (WS)   	                       30,761                            13,937                      16,824***
                       (DS)	                       25,644                            14,042                      11,602*

Chayote	                                     1,918                              1,496                          422**

Table 8. Average yield of crops  in farms  with and without tramline facility in Kabayan Atok 
             and Tublay, Benguet; 2018.

*** significant at 1% level of significance
**   significant at 5% level of significance      
*   significant at 10% level of significance
    ns - not significant at 10% level 
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Crop Yield

	 Comparing the average crop yield 
between farms with and without ATS re-
vealed that, in general, the average yield of 
crops in farms with ATS were significantly 
higher (Table 8). It can be generalized that 
higher yield is due to higher rate and timely 
application of fertilizer.

	 Regressing average yield against 
selected predictors revealed that the rate of 
organic and inorganic fertilizer used sig-
nificantly influenced crop yield. The study 
also generalized that the presence of  ATS 
provided an indirect influence to this effect  
that lead to higher farm productivity (Table 
9).

CONCLUSION AND 
RECOMMENDATION

	 The introduction of ATS in the re-
mote farming uplands of Benguet, Cordil-
lera significantly contributed in the shift in 
land use in favour of agricultural produc-
tion. This was evidenced by the agricultural 
land use intensification in the form of area 
expansion and extensive use of agricultur-
al inputs. These changes created both pos-

Table 9. Summary of the results of  regression models for yield; Kabayan, Atok and Tublay, 
              Benguet; 2018.

CROPS	                                         PREDICTORS AND LEVEL OF SIGNIFICANCE                          
	                            C                    o                  io                       t                  tr                 d
Cauliflower	     -35,571           0.25              0.44               0.06           -0.06          2.27
                                 0.00             0.04              0.00               0.49             0.45          0.03

Potato	                  -28,442          0.11               0.63               0.17            0.28           -0.78
                                 0.01            0.53               0.00               0.22            0.06            0.46

Cabbage	      9,502           -0.00              2.24               -0.16           -0.07          -0.30
                                0.53              0.98              0.04                0.93            0.71            0.15

Carrot 	                  -49,929          0.19              0.39               -0.09            0.07            0.56
                                 0.10             0.10              0.00                0.34            0.50            0.00

Chayote	        667              0.49             -0.04               -0.03            0.10            -0.14
                                0.00              0.00              0.79                 0.82            0.39             0.22

Note: For each crop numbers on the first row correspond to coefficients while numbers on the second row correspond to 
level of significance

itive and negative impacts that may affect 
the sustainability of the farming uplands 
in the long run: 1) its positive influence on 
the productivity of the uplands, and 2) the 
potential negative long term effect of defor-
estation due to conversion of forest areas 
to agriculture. Given these findings,  the 
study can conclude that ATS can be an ef-
fective intervention to address the problem 
of transport in remote marginal areas. 

	 In putting up this intervention, how-
ever, it must be carefully planned particu-
larly in remote farming areas that  are  in 
proximity to natural forest cover and other 
fragile ecosystems. Due to the evident in-
fluence of ATS on potential deforestation in 
favour of agricultural land use expansion, 
the study recommends that its environmen-
tal impact be further investigated to provide 
clear policy recommendations and mea-
sures on how the benefits from the technol-
ogy can be maximized while mitigating its 
negative and undesirable impacts.
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TECHNICAL AND FINANCIAL VIABILITY OF-
NEAR-AMBIENT TEMPERATURE STORAGE SYSTEM 

FOR BULB ONION 

Baldwin G. Jallorina1, Don S. Ognayon2, Edgar D. Flores3 and Rodelio G. Idago4

ABSTRACT

	 The study evaluated the technical and financial viability of near-ambient tempera-
ture storage for storing bulb onion. Based on the evaluation, the system could store bulb on-
ions in bags for 18 weeks (4.5 months) and 16 weeks in bulk with uniform weight reduction 
in all locations of the storage bin. The estimated optimum storage duration for bulb onion 
which gave the highest profit was determined at 16 weeks (4 months) of storage. Extending 
the storage period beyond 16 to 22 weeks, a profit can still be realized. However, afar 22 
weeks; where the cost outweighed the revenue, a negative benefit was realized. Financial 
analysis showed favorable results from the viewpoints of technology users. The adoption of 
near-ambient temperature storage system suggests that the farmer-owners can be realized a 
positive benefit mainly from increased price of onion after four months of storage and can 
be recovered the investment in just one cropping season. The near-ambient storage system 
can be an alternative storage facility that provides opportunities for farmers with relative-
ly smaller volume of harvest to temporarily store while waiting for a better price. A more 
extensive pilot testing of the technology using solar panel as source of energy was recom-
mended not only to validate its technical and financial performance but to demonstrate and 
create awareness of the presence of an alternative storage technology.
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INTRODUCTION

	 Onion (Allium cepa L.) is one of the 
most important crops grown worldwide. In 
the Philippines, onion production registered 
an average annual yield of 153,316 MT and 
estimated value of Php 3.67 B (PSA, 2017).
Bulb onions are largely coming from Cen-
tral Luzon particularly Nueva Ecija which 
contributed about 78.69% to the total pro-
duction. This was followed by Mindoro Oc-
cidental (10.95%), Nueva Vizcaya (5.58%) 
and Pangasinan (3.25%).

	 Onion has to be stored to prolong 
the availability of fresh onion supply and 
partially meet the requirements for the 
whole year (Dela Cruz et al., 2014).  While 
in storage, onions are subjected to quantity 
and quality losses (Idago e al., 2015; Cali-
ca, 2009).  The major sources of losses in 
storage are sprouting, rotting or decay due 
to disease infection and physiological loss 
in weight or moisture loss or shrinkage 
(Milenkovic et.al, 2009; Ko et al., 2003; 
Opara, 2003; Tripathi and Lawande, 2006). 
This storage loss was reported to be as high 
up to 56% using different storage structures 
in ambient conditions (Biswas et al., 2010).

	 Storing bulb onion in cold storage 
is one way of reducing postharvest losses. 
However, service fees for cold storage fa-
cilities have become very high with stor-
age operators demanding fixed fees of Php 
210/27-kg bag of red onion for maximum 
period of seven months and Php 160/27-
kg bag of white onion for four months 
(KASAMNE, 2018). Additional fee of 
Php35/bag-month is charged beyond seven 
and four months of storage period for red 
and white onion, respectively. 

	 In some of the major production ar-
eas, cold storages are not available or the 
capacities of existing units are insufficient 
to accommodate the total volume produce 
in the area.  Moreover, it has been claimed 
that bigger onion consolidators are given 
the priority to use cold storage rooms be-

cause of their capability to maximize the 
use of storage rooms and pay for the rentals.  
Small farmers have to group themselves to 
fill-up and pay for the rental of one stor-
age room, with capacity of approximately 
10,000-11,000 bags of bulb onion/room or 
297 MT/room.  

	 Hence, individual small-scale on-
ion farmers with relatively smaller vol-
ume of harvest, averaging only 10.6 tons/
season (Castillo et al., 2008), have limited 
opportunity to use cold storage facilities.  
Moreover, cold storage loss was estimated 
23.89% despite of maintaining tempera-
ture and relative humidity due to sprouting, 
rotting and weight loss (Calica and Caban-
ayan, 2018). 

	 Likewise, some cold storage facil-
ities are not efficiently operated and main-
tained. Losses ranging from 32 to 39% 
have been reported due to power interrup-
tions, inadequate facilities and problems 
in maintaining proper storage temperature 
(Marzan, 1995).

	 Several studies have shown that-
near ambient conditions can be used to 
store bulb onion for three to four months 
after harvest (Tripathi and Lawande, 2006) 
with relatively lower postharvest losses.
Near-ambient temperature storage systems 
are storage technologies that do not apply 
refrigeration system which is common for 
cold storages.

	 The studies of Dela Cruz et al., 2018 
and Idago et al. (2015) on the storage of on-
ions stressed that onion can be effectively 
stored above ambient temperatures. Several 
studies also support the findings that onion 
can be effectively stored in this condition 
for shorter storage period (Endalew et al., 
2014; Yadav, 2012; Opara, 2003).

	 Considering the high losses of tra-
ditional farmer’s storage system and the 
inaccessibility of cold storage facilities to 
small-scale farmers, PHilMech prompted to 
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develop an alternative near-ambient storage 
system. A research work was undertaken to 
establish the optimum requirements needed 
for the development of a near ambient-tem-
perature onion storage systems. 

	 At the laboratory scale, the near 
ambient-temperature onion storage system 
was found to extend the shelf-life of onion 
up to six months using 35oC storage tem-
perature setting with 0.04 m/s air velocity 
(Jallorina, 2012).

	 With this, it is noted that the use of 
near-ambient temperature would be suit-
able storage technique for tropical country 
like the Philippines with known for high 
ambient temperature and therefore the re-
quired energy to meet the storage setting 
temperature is low. Thus, in this study the 
research findings were evaluated in actual 
field condition to assess itstechnical and fi-
nancial viability in storing bulb onions.

METHODOLOGY

Conceptual Framework
	
	 The conceptual framework, as 
shown in Figure 1, illustrates the thrust of 
the research work. This framework served 
as guide in the conduct of the study. In this 
research paradigm, the input variables were 
examined and analyzed to come up with 
a near ambient-temperature onion storage 
system.

	 Considering the basic design re-
quirements, developed and established 
near-ambient storage system during the 
previous project, the study was designed to 
evaluateits technical and financial viability. 
The technical viability of the near-ambient 
storage system was analyzed based on the 
extent of total storage losses comprising 
of rotting, physiological weight loss and 
sprouting/rooting across the storage peri-
od. The financial viability on the other hand 
was evaluated by looking at the costs and 
benefits associated with its use. 

INPUTS

•	Developed Technology on near 
ambient-temperature storage 
system for onions

•	 Supplies, materials and test 
instruments

PROCESS

•	 Testing & evaluation ofnear-
ambient storage system for 
storing bulb onion

•	Assessment of financial 
viability

OUTPUT

•	 Technically and financially 
viable near ambient-
temperature storage system for 
onions

Figure 1. The conceptual framework of the study
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Description of the Storage Technology

	 The developed near-ambient stor-
age structure consists of heater, blower as-
sembly and a storage bin (Figure 2). The 
storage bin is made of wood and ¾ ply 
board with a dimension of 3 m x 4 m x 1 
m which can store about 240 bags (about 6 
tons) per batch of onions.The heating sys-
tem is made-up of five electric finned heat-
ers installed at the opening of the plenum. 

	 An industrial fan is provided to de-
liver the required air flow rate to the ple-
num through the storage bin. A temperature 
controller which serves as switch and reg-
ulator of the heating system and fan was 
also provided to maintain the desired stor-
age temperature setting all throughout the 
storage duration. An existing structure were 
utilized as shed of the near ambient storage 
system.

Testing and Evaluation

	 The storage trials were conducted 
at PHilMech, Science City of Muñoz and 
Bongabon, Nueva Ecija in collaboration 
with Mr. Crispulo M. Ceña. 

	 The Science City of Muñoz is one 
of the leading onions producers in the prov-
ince of Nueva Ecija. It is situated 147km 
north of Manila. With its rich topography 

 

Figure 2. The semi-commercial scale near-ambient temperature storage system.

Temperature 
Controller

Storage Bin

Plenum

Blower and Heater

and tropical climate, it is now home to ag-
ricultural research and technology centers, 
committed to the production of information 
and technological breakthroughs to pro-
mote rural development, productivity and 
food security. On the other hand, Bongabon 
is a second class municipality of Nueva 
Ecija and the leading producer of onion in 
the Philippines and Southeast Asia. 

	 Freshly harvested bulb onions were 
stored in near-ambient temperature stor-
age structure installed in Bongabon, Nueva 
Ecija and PHilMech Compound, Muñoz, 
Nueva Ecija. As to the need to validate the 
research findings in actual field condition, 
the experiment used 35oC storage tempera-
ture setting with 0.04 m/s air velocity for 
24-week storage trial. Two cases were stud-
ied: Storage of bulb onion in mesh red bags 
at Bongabon and storage of bulb onion in 
bulk at PHilMech, Science City of Muñoz, 
Nueva Ecija.

	 For the sampling procedure, 18 
marked bags of onion contained in 25kg 
capacity polypropylene bags were random-
ly selected and positioned at front, mid-
dle, rear, top, middle and bottom. The on-
ion samples were assessed for percentage 
weight loss, bulb-rot and sprouting intensi-
ties. 



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
29

	 Assessments were done before 
loading and two weeks thereafter for six 
months. Prior to storage trials, some phys-
ical properties of onion such as moisture 
content, bulk density and size of bulbswere 
also determined. The following parameters 
were determined using the following for-
mula:

Percentage weight loss (Pwl)

	 This was determined by estimating 
the difference in the initial and final weight 
of samples before and after storage. This 
was expressed as percentage using the for-
mula:

      Pwl = Initial weight-Final weight  x 100
                      Initial weight

Bulb-Rot Intensity (BRI)

	 Bulbs that were obviously rotten 
were segregated, counted and weighed. 
This was expressed in percentage using the 
formula:

         BRI=Weight  of rotten bulbs  x 100
          Weight of total bulb onion samples  

Sprouting intensity (SI)

	 Bulbs that were obviously sprout-
ing were segregated, counted and weighed. 
This was expressed in percentage using the 
formula indicated below.

        SI = Weight of sprouting bulbs x 100
         Weight of total bulb onion samples

	 The data were analyzed by the 
method of analysis of variance to determine 
significant differences of the different treat-
ments applied. Comparison among treat-
ment means was obtained using the LSD at 
5% level of significance.

Financial Analysis

	 In this study, the financial viabili-
ty of the generated technology was deter-
mined using common project worth mea-
sures such as Net Present Value (NPV), 
Cost and Return Analysis using the Bene-
fit Cost Ratio (BCR), and Payback Period. 
Under this study, the optimum storage peri-
od or duration was also considered. 

	 The optimum storage period is the 
number of days, weeks or months of stor-
age where the highest net profit is obtained. 
The price of bulb onion that has been used 
for this analysis is the average price for the 
recent five years based on PAS data. 

RESULTS AND DISCUSSION

Performance Evaluation of Near-
Ambient Storage System

Physical properties of onion samples 

	 Prior to storage, the physical prop-
erties of experimental bulb onion samples 
were determined. As summarized in Table 
1, the bulb onion has a mean moisture con-
tent of 90.42%, mean bulk density of 103.9 
kg/m3 with mean diameter, height and 
weight per bulb of 48.59 mm, 47.45 mm 
and 49.28 g, respectively

Storage of onion in red bags (Bongabon, 
Nueva Ecija Case)

	 About five tons or 198 bags of bulb 
onion were stored in 24-week storage trial 
using the developed near-ambient tempera-
ture storage.
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Physical Properties	                                         Mean values
Moisture Content, %	                                    90.42
Bulk Density, kg/m3	                                 103.9
Diameter (per bulb), mm	                     48.59
Height (per bulb), mm	                     47.45
Weigh (per bulb), g	                                 49.28

Table 1. Physical properties of experimental bulb onion samples

Physiological Weight Loss

	 The weight reduction of onion sam-
ples during the 24-week storage experiment 
is shown in Figure 3. The weight of stored 
bulb onion decreases progressively with in-
crease in storage period for all storage lo-
cation. The gradual weight reductions were 
observed from the beginning of storage un-
til the 18th week of storage period which 
showed no significant difference (P>0.05) 
between locations (front, middle rear). 

	 A faster weight reduction was reg-
istered in the 19th to 24th week of storage.  
At the end of 18th week storage period, 
the mean weight of onion samples per bag 
all throughout the storage location was re-
duced from 25.02kg to 18.57kg with a com-
puted percentage weight loss of 25.76%. 

	 The samples stored at the rear, mid-
dle and front parts of the storage bin had the 
computed percentage weight loss of 50.5%, 
38.9%, and 40.3%, respectively. At the end 
of the storage trial, the mean weight per bag 
was reduced to 14.20 kg with a computed 
mean percentage weight loss of 43.25%

	 These losses may be due to the 
moisture loss during respiration of onion 
bulbs during storage. Similar results were 
also observed by Soomro et al. (2016) and-
Jamali et al. (2012).
Sprouting Intensity

	 The sprouting of stored bulb on-
ion is shown in Figure 4. It is expressed in 
terms of the ratio of the total number of bulb 
sprouting to the number of stored bulbs ex-
pressed in percent. As depicted, sprouting 

intensity of stored bulb onion increases 
progressively with increase in storage peri-
od in all storage location. Sprouting is grad-
ual from the beginning of storage until the 
20 weeks of storage (P>0.05) and further 
increased from 20 to 24 weeks of storage.  
At the end of the storage experiment (24th 
weeks), the computed mean bulb sprouting 
intensity was 2.62 %, 0.79 % and 1.02 % 
at the rear, middle and front location of the 
storage bin. 

	 Across the storage location, the 
computed mean sprouting intensity was 
1.47% with an equivalent of 0.015 kg/wk 
weight reduction.The low percentage of 
sprouted bulbs could have been brought 
about by the use of maintained temperature 
above ambient coupled with superficial 
ventilation which may help in removing 
heat and humidity build-up inside the stor-
age structure.

	 This is also similar with the ob-
servations of Dela Cruz et al., (2018) us-
ing high temperature in storing onion with 
proper aeration which could help minimize 
bulbrotting and sprouting losses (Yadav et 
al., 2012).
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Figure 3. Physiological weight loss of stored onion under different storage l
                locations throughout the storage period; Bongabon, Nueva Ecija

Figure 4. Sprouting intensity of stored bulb onion under different storage locations 
               throughout the storage period, Bongabon, Nueva Ecija
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Rotting Intensity

	 Figure 5 shows the bulb-rot inten-
sity of stored bulb onion samples stored in 
Bongabon, Nueva Ecija. The rotting inten-
sity of stored bulb onion increased progres-
sively with increase in storage period in all 
storage locations. Rotting was gradual from 
the beginning of storage until the 18th week 
of storage period (P>0.05) and further in-
creased from 19 to 24th week of storage. 

	 This gradual increase of rotting in 
bulb onion with the storage period increas-
es was also observed by Endalew et al. 
(2014) where rotting was observed in the 
first 10 days of storage. At the end of stor-
age experiment, the computed mean bulb-
rot intensity at the rear, middle and front of 
the storage bin was 18.03%, 11.75%, and 
11.63%, respectively. Across the entire lo-
cations, the mean bulb-rot intensity was 
computed at 13.8%, with an equivalent of 
0.144 kg/wk weight reduction.

Storage of onion in bulk (Science City of 
Muñoz Case)

	 Science City of Muñoz is one of the 
leading onion producers in the province of 

Nueva Ecija. It is situated 147 km north of 
Manila. With its rich topography and trop-
ical climate, it is now home to agricultural 
research and technology centers, committed 
to the production of information and tech-
nological breakthroughs to promote rural 
development, productivity and food securi-
ty.  For storage trial, about 3800 kilograms 
of bulb onion were stored in near-ambient 
temperature storage system.

Physiological Weight Loss

	 The weight reduction of onion sam-
ples during the 24-week storage experiment 
is shown in Figure 6. Results showed that 
gradual weight reductions were observed 
from the beginning of storage until the 16th 
week of storage (P>0.05) and registered a 
faster weight reduction in the 17th to 24th 
week of storage. At the end of 16th week 
of storage, the mean weight of onion sam-
ples per bag all throughout the storage lo-
cation was reduced from 25.02 kg to 20.15 
kg. The computed percentage weight loss 
at the 16th week of storage was 19.48%. At 
the end of the storage trial (24th week), the 
computed mean percentage weight loss in-
creased to 44.23%. 

Figure 5. Rotting intensity of stored onion under different storage methods through-
               out the storage period, Bongabon, Nueva Ecija
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Figure 6. Physiological weight loss of stored onion under different storage locations 
               throughout the storage period, Muñoz, Nueva Ecija

Sprouting Intensity

	 As shown in Figure 7, the sprout-
ing intensity of stored bulb onion increased 
with increase in storage period in all stor-
age location. Sprouting is abrupt from the 
beginning of storage until the four weeks of 
storage and gradually increased from four 
to 24 weeks of storage. Mean sprouting 
percentage between locations is not signifi-
cantly different (P>0.05). At the end of the 
storage experiment (24th weeks), the com-
puted mean bulb sprouting intensity was 
0.597 %, 0.519 % and 0.539 % at the front, 
middle and rear location of the storage bin, 
respectively (Table 18). Across the storage 
location, the computed mean sprouting in-
tensity was 0.552%.

Rotting Intensity

	 Figure 8 shows the bulb-rot inten-
sity of stored bulb onion samples stored 
in near-ambient storage system. As in the 
case of Bongabon, the rotting intensity of 
stored bulb onion increases with increase 
in storage period in all storage locations. 
As illustrated, rotting is gradual from the 
beginning of storage until the 14th week of 
storage period and further increased from 
15 to 24th week of storage. 

	 Mean percentage of bulb-rot be-
tween locations was not significantly dif-
ferent (P>0.05) until beyond 14th week of 
storage period. At the end of storage experi-
ment, the computed mean bulb-rot intensity 
at the front, middle and rear of the storage 
bin was 19.09%, 26.42% and 11.43%, re-
spectively. Across the entire locations, the 
mean bulb-rot intensity was computed at 
18.98%.
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Figure 7. Sprouting intensity of stored bulb onion under different storage locations 
                throughout the storage period, Munoz, Nueva Ecija

Figure 8. Rotting intensity of stored onion under different storage methods through-
               out the storage period
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Financial Performance of Near-Ambient 
Storage System

	 The financial viability of near-am-
bient temperature storage system was as-
sessed by first determining the optimum 
storage period.The optimum storage period 
is the number of days where the highest net 
profit is obtained. In this case, the storage 
losses were translated into recovery or per-
centage of marketable onion after storage to 
get the revenue for every storage period.

	 The optimum storage period was 
affected by losses, storage cost and prevail-
ing price. The price of onion increased with 
lengthier storage period but losses and stor-
age cost also increased over time. 

	 This means that while potential rev-
enue increases due to increase in price, the 
amount of saleable onion decreases due to 
storage losses.  In the same manner, the po-
tential revenue was also reduced due to in-
crease in storage cost.

	 Figure 9 shows the cumulative 
revenue and cost of storing bulb onion in 
near-ambient temperature storage system.  
This suggests that a little profit can already 
be realized four weeks after storage but the 
maximum profit can be obtained by selling 
the stored onion after 16 weeks with prof-
it of Php266.90 per bag (Table 2). Within 
16 to 21 weeks, profit can still be realized 
however beyond 22 weeks; where the cost 
outweighs the revenue, a negative benefit 
will be realized.

Figure 9. Rotting intensity of stored onion under different storage methods through-
               out the storage period
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WAS	                    Q	                     P	                           C	                             R	                 Π               
				                                                                           (P*Q)	             (R-C)
0	              25.02	              16.00	                    430.13	          400.32	           -29.81
2	              24.16	              17.04	                    444.78	          411.69	           -33.10
4	              23.34	              20.74	                    461.79	          484.07	            22.28
6	              22.65	              20.74	                    476.10	          469.76	            -6.34
8	              22.09	              23.32	                    489.16	          515.14	             25.98
10	              21.83	              23.32	                    495.22	          509.08	             13.85
12	              20.95	              24.38	                    516.68	          510.76	             -5.92
14	              20.04	              28.38	                    542.50	          568.74	             26.23
16	              19.50	              42.69	                    565.56	          832.46	           266.90
18	              18.57	              42.69	                    605.26	          792.75	           187.50
20	              17.30	              48.57	                    666.94	          840.26	           173.32
22	              16.01	              48.57	                    729.60	          777.61	             48.01
24	              14.20	              35.31	                    793.51	          501.40	          -292.11

Table 2. Potential profit of onion stored in near-ambient storage system given 
              prevailing price, recovery and storage cost

WAS = weeks after storage, weeks
Q = marketable onion, initial weight of 
25 kg at day 0
P = price at period t, pesos
C = cost, pesos
R = revenue, pesos
Π = profit, pesos

	 The viability indicators of invest-
ing and using near-ambient temperature 
storage system for storing bulb onion are 
shown in Table 3.  

	 With an investment cost of 
Php60,000 for the construction and instal-
lation of near-ambient temperature storage 
system, actual stored volume or quantity of 
4,950kg/batch of bulb onion and percent-
age recovery of 77.94% at the end of four 
months as the optimum storage period based 
on previous analysis, the estimated netpre-
sent value (NPV), payback period (PBP), 
benefit-cost ratio (BCR) and Internal Rate 
of Return (IRR) was Php110,530.18, 0.86 
year, 1.84 and 40.36% respectively. 

	 This indicated that the estimat-
ed IRR of the technology was higher than 
the 12% interest rate in commercial bank 
for loans showing a good financial perfor-
mance. With a storage recovery yield of 
3,858 kg and a market price of Php42.5/kg, 
storing bulb onion in near-ambient storage 
system was found financially viable.  

	 At a price lower than Php29/kg, 
storing of bulb onion will no longer be 
viable. A potential onion farmer/owner of 
the technology could invest borrowing the 
needed capital from a bank at an interest 
rate of 12% and realize positive net bene-
fits and eventually recover his investment 
in one just season (0.86 year).  
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Financial Indicators	  	  	            Value
Investment cost	 	  	                       60,000.00
Fixed cost, P/year	  	  	          7,800.00
Variable cost, P/year	  	  	          86,304.00
Total operating cost	  	  	          94,104.80
Gross income, P/year	  	  	          163,966.28
Net income, P/year	  	  	          69,861.48
Payback period, years	  	  	          0.86
Internal rate of return (IRR), %	  	          40.36
Benefit - cost ratio	  	  	          1.84
Return on Investment (ROI), %	  	          116.43
Net present value @ 12% , Php	  	          110,530
Breakeven volume of onion, kg/season	          4,050
Breakeven selling price of onion, Php/kg         29.00

Table 3. Financial performance of Near-ambient temperature storage system, 
              Bongabon, Nueva Ecija case

CONCLUSION AND 
RECOMMENDATIONS

	 The developed near-ambient tem-
perature storage system can be used to 
store and extend the shelf life of bulb on-
ion. Based on the evaluation, the near-am-
bient temperature storage system could 
store bulb onions in bags for 18 weeks (4.5 
months) and 16 weeks in bulk storage with 
uniform weight reduction in all locations of 
the storage bin. 

	 The optimum storage duration for 
bulb onion which gave the highest profit of 
around Php267.00/bag (Php10.68/kg) was 
determined at 16 weeks of storage period. 
The optimum storage duration is nega-
tively influenced by the rate of losses and 
positively affected by increasing price of 
bulb onion through time from the time of 
harvest. Within 16 to 21 weeks of storage, 
profit can still be realized. 

	 However, beyond 22 weeks; where 
the cost outweighs the revenue, a negative 
benefit will be realized. Financial analysis 
showed favorable results from the view-
points of technology users. 

	 Adoption of near-ambient storage 
system suggests that the farmer-owners 
will realize a positive benefit mainly from 
increased price of onion after four months 

storage and eventually recover the invest-
ment in just one cropping season.

	 Findings from this study would di-
rectly benefit bulb onion farmers by provid-
ing them alternative storage system suited 
on the volume they handle and some flex-
ibility in the disposal of their produce. A 
more extensive pilot testing of the technol-
ogy using solar panel as source of energyis 
recommended not only to validate its tech-
nical performance and financial benefits but 
to demonstrate and create awareness of the 
presence of an alternative storage technolo-
gy.
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ADDRESSING CLIMATE-RELATED RISKS 
THROUGH RICE COMBINE HARVESTERS: 
EVIDENCE FROM ISABELA, PHILIPPINES

Hernaiz G. Malanon1 and Zenaida M. Sumalde2

ABSTRACT

	 This study assessed the potential of rice combine harvester in addressing 
climate-related risks brought by tropical cyclones that constrains rice farmers 
during harvest operations in Isabela, Philippines. Although the number of tropical 
cyclones that affected the province has been declining, the frequency of stronger/
more destructive typhoons is increasing. Annually, rice farmers in Isabela incurred 
an average of Php158.71 million (US$ 3.17 million) value of crop damages, quali-
tative losses and additional costs due to tropical cyclones during harvest. The use of 
RCH potentially reduces exposure of rice farmers to tropical cyclones by 36 to 76 
percent. In Isabela alone, the reduced exposure of rice farmers to climate hazards 
during harvest generate savings amounting to Php 46.62 (US$ 0.93 million) per 
year through reduced crop damages, averted grain qualitative losses and avoided 
additional cost of harvesting lodged crop. 
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INTRODUCTION

	 Climate-related risks are major 
sources of production risks in agriculture. 
In the Philippines, agriculture particularly 
the rice sub-sector often accounts for bulk 
of total damages attributed to tropical cy-
clones. Crop damages include the physical 
losses due to flooding and shattered grains 
caused by strong winds. Other losses are in 
the form of diminished grain quality due to 
submerged crops and delayed postharvest 
activities. These forms of losses result in 
reduction in output and lower price of farm-
ers’ produce. 

	 With climate hazards such as trop-
ical cyclones projected to intensify or be-
come more unpredictable, adaptation mech-
anisms are needed to safeguard the produce 
and income of farmers. The unfavorable 
impacts of climate change necessitate ad-
aptation in addition to mitigation (IPCC, 
2007). Some adaptation measures being 
applied in Philippine agriculture include 
the use of stress-tolerant and early matur-
ing varieties, expansion of irrigation facil-
ities, crop diversification, crop relocation, 
intensification of planted area, migration to 
other areas, crop insurance and adjustment 
in cropping calendar. 

	 While shifting the cropping calen-
dar is possible for some crops, it is not com-
monly applicable for rice because of the 
limitation on the availability of irrigation 
water and the need to synchronize planting 
activities in order to avert pest infestation 
and avoid problem on farm access. Because 
of these constraints, rice farmers have to 
deal with inclement weather which normal-
ly coincides with harvest periods. 

	 While mechanization technologies 
were primarily developed to improve la-
bor and land productivity, other benefits in 
terms of reducing the exposure and vulner-
ability of rice farmers to climate hazards 
are not well documented. This study aims 
to evaluate the potential of rice combine 

harvester as an adaptation mechanism to 
address climate-related risks. 
 

METHODOLOGY

Locale of the Study

	 The study covered Isabela, the sec-
ond top rice producing province in the Phil-
ippines and one of the areas with high risk 
to typhoons (PAGASA). In addition, adop-
tion rates for mechanization technologies 
in the province are found to be among the 
highest nationwide (PHilMech). 

Research and Sampling Design

	 The study employed both quali-
tative and quantitative methods of design 
and analysis. The total number of sample 
respondents was determined using the for-
mula:
                      n = Z2PQ                      
                               D2       

	 Where Z is confidence level of 90% 
(standard deviation of 1.645); P is estimat-
ed prevalence of farmers in the project area 
(in %), that is, the proportion of the target 
population with a given characteristic (rice 
farmers); Q is 1− P; D is margin of error at 
5%.

Data Collection and Research Instrument
	
	 Data were collected through person-
al interview of 230 randomly selected rice 
farmers that adopted and not adopted rice 
combine harvester in major rice produc-
ing municipalities of Isabela. Farm survey 
was done in 2018 although data collected 
includes 2017 cropping period. Interview 
of 30 rice combine harvester, thresher op-
erators and key informants in 24 rice pro-
ducing areas, actual field observations and 
secondary data collection were also done 
to supplement collected data. Key infor-
mants included the Provincial Agriculture 
staff particularly the Postharvest Facility 
(PHF) Coordinators, Municipal Agriculture 
Officers (MAOs) and barangay officials in 
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charge of the agriculture sector. Agro-cli-
matic data on rainfall and typhoons were 
requested from PAGASA provincial Agro-
Met Station. Moreover, inventory of mech-
anization technologies was taken from 
PHilMech database.

Analytical Procedure

	 Data were encoded, tabulated and 
analyzed using the Statistical Package for 
Social Sciences (SPSS). Descriptive statis-
tics such as percentage, frequency distribu-
tion, cross tabulation and measures of cen-
tral tendency. 

	 To assess the climate-related risks 
that affect rice farmers during and after har-
vest, the formula of risk as defined by the In-
tergovernmental Panel on Climate Change 
(IPCC) was used:

      Risk = Hazard x Exposure x Vulnerability                                                                  

where:

	 Hazard was assessed in terms of 
the probability of occurrence of typhoons 
and during period of rice harvest. The study 
used historical data from PAGASA Isabe-
la State University (ISU) AgroMet Station. 
The probability of occurrence was calcula-
ted by determining the number of tropical 
cyclones that hit the province per month 
when farmers are harvesting their crops.  

	 Exposure was based on cropping 
calendar of rice farmers

	 Vulnerability or consequence of 
tropical cyclone and prolonged rainfall 
hazards based on the actual experiences of 
rice farmers based on farm survey was de-
termined in terms of the following:
- Volume of damaged crop/losses, in kg/ha
- Increase in harvesting costs due to crop 
   lodging, in Php/ha
- Price penalty/discount due to grain qua-
   lity degradation as a result of flooding or 
  delayed harvesting-threshing operations, 
   in Php

Climate-Related Hazards, Exposure and 
Vulnerability of Rice Farmers to Hazards 
during and after Harvest

	 Assessment of risks from natu-
ral hazards involves calculation of prob-
ability of hazard occurrence and the level 
of potential losses based on exposure and 
vulnerability. This is consistent with IPCC 
framework which defines risk as a function 
of hazard, exposure and vulnerability. 

	 While the probability of hazard 
occurrence can be easily quantified using 
a common unit of measure, the exposure 
and vulnerability are often assessed using 
multi-dimensional approaches. The study 
postulated that one of the roles of mecha-
nization is to reduce the exposure of rice 
farmers to climate hazards that are detri-
mental to rice crop during and after harvest. 
Exposure as defined by the IPCC refers to 
the presence of people and assets in areas 
subject to the occurrence of natural haz-
ards. Following the method used by Bou-
wer (2012), exposure was factored in to the 
probability of hazard occurrence to deter-
mine how it affects the likelihood of hazard 
occurrence.

	 The study likewise adopts the defi-
nition of vulnerability by United Nations 
Disaster Relief Organization (UNDRO, 
1991) which is the degree of loss resulting 
from the occurrence of a natural phenome-
non of a given magnitude and expressed on 
a scale from 0 (no damage) to 1 (total dam-
age). This definition framed vulnerability 
as the impact or consequence expressed as 
probability or percentage. Following this 
definition, crop damages or losses incurred 
by rice farmers caused by climate hazards 
indicate the vulnerability of farmers to such 
events. 
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RESULTS AND DISCUSSION

Tropical Cyclone Hazard

	 The Philippines has been regarded 
as the most vulnerable country in the world 
in terms of tropical cyclones as more trop-
ical depressions, storms and typhoons are 
entering the Philippine Area of Respon-
sibility (PAR) than anywhere else in the 
world. With an average of 20 tropical cy-
clones developed per year, more than 40% 
are making landfall in the country. The peak 
of typhoon season is from July through Oc-
tober, when nearly 70% of all typhoons are 
formed (PAGASA).

	 In Isabela, 89 tropical cyclones af-
fected the province from 2001 to 2017, with 
high frequency of tropical cyclones oc-
curred from 2004 to 2009 (Figure 1). From 
2001 to 2010, 61 tropical cyclones were ex-
perienced compared to 26 tropical cyclones 
in 2011 to 2017. The frequency of tropical 
cyclones declined by more than 50% be-
tween the two periods.

	 Of the total tropical cyclones that 
affected the province, more than 60% oc-
curred during the period of rice harvest. 
Meanwhile, all three tropical cyclones in 
2001 and 2002 occurred before crop ma-
turity while all typhoons recorded in 2007, 
2013, 2014 and 2017 emerged during har-
vesting stage.

	 Tropical cyclones that occurred 
during the time of harvest were only ob-
served during the rainy season that covered 
the months of August, September, October 
and November. The highest frequency of 
tropical cyclone occurrences was recorded 
in 2006, 2008 and 2009 while there were no 
typhoon occurring  in 2001 and 2002 (Fig-
ure 2). It is important to note that for the 
period 2001-2008, tropical cyclones were 
experienced during the month of Novem-
ber but since 2009, there was no typhoons 
recorded during this month. There was also 
a decreasing trend in the number of tropical 
cyclones from 2009 to 2018.

Figure 1. Frequency of tropical cyclones that affected Isabela, Philippines, 2001-2017



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
44

Figure 2. Frequency of tropical cyclones that affected Isabela during period of rice
                harvest, 2001-2018

Figure 3. Number of tropical cyclones based on strength of the associated winds, rice 
                harvest period, Isabela, Philippines, 2001-2018

	 The number of tropical cyclones 
that occurred during the time of harvest ac-
cording to strength/magnitude is exhibited 
in Figure 3. This was based on the tropi-
cal cyclone classification according to the 
strength of the associated winds as adopted 
by PAGASA as of 2015:

1. Tropical Depression (TD) - a tropical cy
    clone with maximum sustained winds of 
     up to 61 kilometers per hour (kph) or less 
    than 33 nautical miles per hour (knots); 
2. Tropical Storm (TS) - a tropical cyclone 
    with maximum wind speed of 62 to 88 
    kph or 34 - 47 knots;
3. Severe Tropical Storm (STS) - a tropical 
    cyclone with maximum wind speed of 89 
    to 117kph or 48 - 63 knots; 

4. Typhoon (TY) - a tropical cyclone with 
    maximum wind speed of 118 to 220kph 
    or 64 - 120 knots; and
5. Super Typhoon (STY) - a tropical cyclo-
    ne with maximum wind speed exceeding
    220kph or more than 120 knots.

	 Typhoons made up more than 60% 
of the total number of tropical cyclones that 
traversed the province since 2001. While 
the frequency of tropical cyclone occur-
rences was declining, the number of stron-
ger and more destructive typhoons has been 
more evident during the later period. This 
is consistent with most findings indicating 
that typhoons are getting stronger and more 
destructive although the frequencies of oc-
currences are declining.  



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
45

Probability of Tropical Cyclone 
Occurrences

	 Based on the average life history or 
longevity of typhoons or range of rice ma-
turity period (number of days at late maturi-
ty minus number of days at early maturity), 
the likelihood of tropical cyclone occur-
rences for the period 2001-2018 was calcu-
lated. This was determined by the number 
of tropical cyclone occurrences in a month 
over the total number of possible tropical 
cyclones that potentially affect rice crop 
at maturity ready for harvest. The average 
probability of tropical cyclone occurrence 
during the wet season was 0.17 during the 
period 2001-2010 and declined to 0.10 for 
the period 2011-2018 (Table 1). In gener-
al, there was a considerable decline in the 
probability of tropical cyclones occurrenc-
es during the months of August, September 
and November.

Exposure of Rice Farmers to Tropical 
Cyclone Hazard

	 For the period 2011-2018, the aver-
age rice area harvested in the province for 
two cropping seasons was 281,330 hect-
ares. Hectarage for the wet season account-
ed for 49% of the total harvested area and 
consequently lower volume of production, 
comprising only 47% of the total annual 
production (Table 2). 

	 Based from PSA data, the variabili-
ty in area harvested and production for the 
wet season were higher than the dry season. 
The huge variability of production during 
the wet season may be explained by the 
more frequent tropical cyclone occurrences 
during the months of August to November 
when the rice crops are at the reproductive 
to maturity stages. The low rice production 
in 2018, 2011, 2016 and 2015 indicated the 
occurrences of strong typhoons that cur-
tailed production during those periods.

MONTH	                                                      PERIOD                                        
	                                 2001-2010	         2011-2018	               2001-2018
August      	                    0.2000	           0.1250	                 0.1667
September	                    0.1833	           0.1458	                 0.1667
October   	                    0.1000	           0.1250	                 0.1111
November	                    0.1833	           0.0000	                 0.1018
   Mean                                 0.1667	           0.0990	                 0.1366

Table 1. Probability of tropical cyclone occurrence during period of rice harvest, wet 
             season, Isabela, Philippines, 2001-2018

YEAR	                     AREA HARVESTED (HA)	                        PRODUCTION (MT)                        
	                  Dry	             Wet	      Annual	    Dry	             Wet	    Annual
                              Season            Season                                     Season           Season 
2011	            138,634	        134,398	      273,032	 598,904	        469,371	 1,068,275
2012	            141,384	        141,765	      283,149	 614,450	        602,085	 1,216,535
2013	            141,397	        145,221	      286,618	 600,300        649,573	 1,249,873
2014	            144,969	        141,350	      286,319	 639,597        638,026	 1,277,623
2015	            147,458	        135,445	      282,903	 668,315	        588,075	 1,256,390
2016	            145,243	        132,758	      278,001	 668,596	        554,129	 1,222,725
2017	            145,430	        133,861	      279,291	 691,868	        593,817	 1,285,685
2018	            146,411	        134,915	      281,326	 703,800	        484,784	 1,188,584
Mean	            143,866	        137,464	      281,330	 648,229	        572,483	 1,220,711
Percentage	   51	            49	         100	     53	             47	      100
CV, %	               2.11	           3.35	         1.61	    6.32	           11.53	      5.70

Table 2. Hectarage and volume of rice production, Isabela, Philippines, 2011-2018

Source: Philippine Statistics Authority
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Effect of Cropping Calendar on Expo-
sure of Rice Farmers to Tropical 
Cyclones

	 During the wet season, majority of 
the farmers have high exposure to tropical 
cyclones since 64% of rice farmers harvest 
their crops during the month of October and 
26% harvest in September when the prob-
ability of tropical cyclone occurrence were 
high. Adjusting the probability of hazard 
occurrence and exposure of rice farmers 
based on the harvest period, the weighted 
average probability of tropical cyclone haz-
ard and exposure during the wet season was 
0.1267 for the 2011 to 2018 period (Table 
3). Based on the average rice area harvested 
during the season, more than 17,400 hect-
ares were exposed to tropical cyclones ev-
ery year.    

Vulnerability of Rice Farmers to 
Tropical Cyclones during Harvest

Quantitative losses

	 While there was a decreasing trend 
in the frequency of typhoons that devastat-
ed the province, the volume of crop damag-
es exhibited an increasing trend (Figure 5). 
Typhoon Ompong which occurred in 2018  
recorded the largest amount of rice crop 
damage estimated at 138,574.46 metric tons 
of paddy at different stages of crop devel-
opment. Crop damages were incurred due 
to strong winds that caused grain shattering 
and crop lodging. Other losses were in the 
form of submerged crop as a consequence 
of flooding. On the average, 11,603.27 met-
ric tons of paddy was lost due to tropical 
storms and typhoons every year. 

MONTH OF HARVEST          PERCENT	               PROBABILITY OF TROPICAL 
                                                      EXPOSURE                 CYCLONE OCCURRENCE x EXPOSURE        
		                                                          2001-2018	       2001-2010	           2011-2018
August	                                            7	              0.0117		           0.0140		  0.0088	
September	                              26		  0.0433		           0.0477		  0.0379	
October	                                          64		  0.0711		           0.0640		  0.0800	
November	                               3		  0.0031		           0.0055		  0.0000	
Weighted Mean			                            0.1292		           0.1312		  0.1267	

Table 3. Probability of occurrence and exposure of rice farmers to tropical cyclones, 
              Isabela, Philippines

Figure 4. Volume of total rice crop damages attributed to tropical cyclones, Isabela,
               Philippines, 2001-2018



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
47

	 For the period 2011-2018, rice 
farmers in Isabela incurred rice crop dam-
ages amounting to Php 44,002.00 to Php  
635.74 million for rice ready for harvest 
(Table 4).  Highest value of crop damages 
was incurred during the month of Septem-
ber. On the average, crop damage at maturi-
ty accounted for 21% of total crop damages 
due to tropical cyclones. 

	 From farm survey, the average vol-
ume of crop damage reported by rice farm-
ers did not differ per hectare but differs sig-
nificantly based on a per farm basis as the 
average farm holding of RCH adopters are 
significantly higher. RCH adopters report-
ed an average of 725 kilogram per hectare 
during occurrences of typhoons. On the 
other hand, the non-adopters incurred high-
er losses at 844 kilograms per hectare (Ta-
ble 5).

Qualitative losses

	 In addition to the quantitative losses 
due to tropical cyclones reported by farm-
ers, qualitative losses are also incurred by 
rice farmers. These include value of grains 
with degraded quality as manifested by 
discoloration and also the shrinkage allow-
ances charged by traders because of high 
moisture contents for wet and/or immature 
grains. These losses are caused by harvest-
ing too early or too late due to inclement 
weather, delayed harvesting-threshing op-
erations and submerged crop due to flood-
ing. About 39% of the interviewed farmers 
reported to have experienced grain qual-
ity deterioration due to tropical cyclones. 
Based on these assumptions, farmers in 
Isabela suffer rice qualitative losses with 
monetary value of Php31.12 million to 
Php93.07 million per year (Table 6).  

YEAR	                                                                     MONTH 	                                      
                                                    Aug                               Sep	                      Oct                           MEAN (Php)
2011	                          22,899,927.00          263,920,103.00      103,104,763.00	      129,974,897.00
2012	                              44,002.00	                0	                       0	                        14,667.00
2013	                           7,936,476.00	                0	                       0	                     2,645,492.00
2014	                                    0	                     13,115,322.00	          0	                     4,371,774.00
2015	                                    0	                             0	             111,979,524.00	       37,326,508.00
2016	                                    0	                             0	             432,077,319.00	       144,025,773.00
2017	                           4,260,590.00	                0	                        0	                    1,420,197.00
2018	                                    0	                    635,742,444.00	           0	                  211,914,148.00
Mean, Php	              4,392,612.00	       114,097,233.00	 80,895,201.00	        66,461,682.00

Table 4. Value of rice crop damages at maturity stage attributed to tropical cyclones, 
              Isabela, Philippines, 2011-2018 

Source of data: Office of the Provincial Agriculturist, Isabela

ITEM	                       ADOPTER	                NON-ADOPTER                   MEAN                   DIFF. ALL
                                        (n=190)                               (n=40)	                       (t-test)	              (n=230)
Per Hectare, kg        725.50	                      844.27	                  118.77ns	            744.47
Per Farm, kg	         3,876.06	                     1,191.42	                 2,684.64**	           3,383.88

Table 5. Comparison of crop damages incurred due to tropical cyclones during period of rice 
              harvest, by rice combine harvester adoption, 230 farmer  respondents, Isabela, 
              Philippines, 2018

**Significant at 5% (P = .025)
ns Not Significant at 10% level (P >.100)
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PARTICULAR	                                              RANGE	                       MEAN
Total area affected1,                                      ha		                      6,792
Total volume of losses2,kg			                                28,288,680
Price discount, %	                             6-18		                         13
Price discount3, Php/kg	                          1.10-3.29		          2.38
Value of qualitative                    31,117,548.00-93,069,757.00	 67,327,058.00
losses, Php	

Table 6. Rice qualitative losses at harvest due to tropical cyclones, Isabela, 
              Philippines, 2018

1Based on 137,464 ha (wet season) x 39% x 0.1267 probability of typhoon occurrence x exposure
2At 4,165 kg ha-1 average yield, dry basis
3At Php18.30/kg, average price dry paddy and 13% price reduction

PARTICULAR	                                              RANGE	                           MEAN
Added cost, %	                                          33-67		                             49	
Added cost ha-1, Php1	                     2,409.00-4,891.00		           3,577.00	
Total area affected2, ha			                                                      6,967	
Total additional cost, Php	 16,783,503.00-34,075,597.00	      24,920,959.00

Table  7. Additional harvesting-threshing costs due to crop lodging attributed to 
               tropical cyclones, Isabela, Philippines, 2018

1 At Php 7,300.00 ha-1 average harvesting-threshing cost
2 Based on 137,464 ha (wet season) x 40% x 0.1267 probability of tropical cyclone occurrence x
exposure

Added cost of harvesting lodged crop

	 Other cost constitutes the addi-
tional charges of laborers in harvesting 
lodged crop. Based on the average har-
vesting-threshing cost, additional cost of 
Php3,577.00 was incurred by farmers per 
hectare during occurrences of typhoons. 
About 40% of the farmers experienced bear-
ing additional cost of harvesting due to crop 
lodging. Considering the total area affected, 
additional cost amounting to Php24.92 mil-
lion was incurred per year (Table 7).        

Effects of RCH Adoption in Reducing 
the Exposure of Rice Farmers to 
Tropical Cyclones

	 The probability of tropical cyclone 
exposure of rice farmers to tropical cy-
clones was adjusted to reflect the harvest 
period by adopters and non-adopters of 
rice combine harvesters. Because the two 
groups of farmers follow different cropping 
calendar due to availability of irrigation 
water, their exposure to tropical cyclones 
also differ. In general, the average proba-

bility of exposure of RCH adopters was 
lower than the non-adopters (Table 8). This 
was explained by the significant number of 
farmers who extended their harvest period 
to November when there was no recorded 
tropical cyclone during the period.   

	 To determine the effect of using 
RCH on the exposure of rice farmers to 
tropical cyclones, the capacity of RCH and 
traditional method of harvesting and thresh-
ing were compared. 

	 On the average, harvesting to 
threshing time per hectare was reduced by 
76% by using RCH. Considering that PA-
GASA generally issues typhoon advisory 
three days before a tropical cyclone make 
landfall, rice farmers have more time to 
harvest their crops to avoid potential crop 
damage and other consequences. 
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PERIOD	                                         PROBABILITY OF 
                                                            OCCURRENCE  x EXPOSURE                 
	                      ADOPTER	                   NON-ADOPTER	        ALL
2001-2018	           0.1261		            0.1438		      0.1292
2001-2010	           0.1227		            0.1736		      0.1312
2011-2018	           0.1304		            0.1064		      0.1267

Table 8. Probability of occurrence and exposure of rice farmers to tropical cyclone 
              hazard, by RCH adoption, wet season, Isabela, Philippines

ITEM	                                 MANUAL HARVESTING/ 	              RICE COMBINE               CHANGE
                                                 MECH’L THRESHING	                  HARVESTER
Harvesting-threshing time					   
     Harvesting, hr/ha	                      8.5		                                    2.8		
     Threshing, hr/ha 	                      3.5		                                      -		
Total harvesting-threshing                12.00		                        2.8		       (76%)
time, hr/ha	
					   
Capacity of laborers/facilities1, ha				  
     Harvesting-
       threshing	                                14,062		                       19,200		         (36%)

Table 9. Effect of using RCH in reducing exposure of rice farmers to tropical
              cyclones, Isabela, Philippines

1All laborers and facilities are employed for three days before typhoon occurrence (4,694 rice threshers, 
 90,000 farm laborers – harvesters and 1,600 RCH) 

	 Assuming that all laborers and fa-
cilities were employed for three days before 
occurrence of tropical cyclone, the number 
of hectares that can be harvested before the 
arrival of typhoon was estimated to deter-
mine the difference of the two methods. 

	 Result showed that harvesting and 
threshing takes 36% less time with the use 
of RCH compared to the traditional meth-
od. This means that using RCH reduces ex-
posure of rice farmers to tropical storms by 
36% (Table 9). 

	 Using the reduction in the exposure 
of rice farmers to tropical cyclones with the 
use of RCH, the probability of occurrence 
and exposure of rice farmers to tropical cy-
clones declines to 0.0835 for RCH adopters 
(Table 10).

Averted crop damage, qualitative losses 
and additional costs

	 The reduced exposure of rice farm-
ers to tropical cyclones resulted in savings 
from averted crop damage amounting to 
Php29.81 million per year (Table 11). In 
addition, the value of qualitative losses 
due to grain deterioration was estimated at 
Php10.95 million while the savings from 
prevented additional cost of harvesting was 
Php5.85 million.  At 90% adoption, the to-
tal savings from averted crop damage, qual-
itative losses and additional costs amounted 
to Php46.62 million per year. 
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PERIOD	                                  ADOPTER	                          NON-ADOPTER
2001-2018	                                  0.1261		                    0.1438
2001-2010	                                  0.1227		                    0.1736
2011-2018	                                  0.0835		                    0.1064

Table 10. Probability of occurrence and exposure of rice farmers to tropical cyclone 
                hazard with the use of RCH, wet season, Isabela, Philippines

ITEM	                           MANUAL HARVESTING/ 	      RICE COMBINE               INCREMENT
                                            MECH’L THRESHING	                       HARVESTER                             (A-B)
                                                            (A)                                                      (B)
Quantitative loss			 
     Volume/ha, kg	             844.00	                                       725.00	
     Prob. x Exposure	             0.1064	                                       0.0835	
     Total damage/ha	              89.80	                                        60.54	
     Total damage1, kg	           4,999,517	                                    3,370,299	
     Sub-total, Php	         91,491,166.00	                    61,676,479.00	
Reduced quantitative 
     losses, Php			                                                                                         29,814,687.00

Qualitative loss			
     Volume2, kg/yr	          200,960,684	                       200,960,684	
     Prob. x Exposure	              0.1064	                                         0.0835	
     Price discount3,                         2.38	                                          2.38
          Php/kg		
     Sub-total, Php	         50,889,676.00	                      39,936,917.00	
Reduced qualitative 
     losses, Php			                                                                                              10,952,759.00

Increased cost due to 
   lodged crop			 
     Additional cost, %	                 57%	                                            33%	
     Harvesting cost/ha, 	             5,901.00	                                       8,698.00	
     Additional cost/ha	             3,363.57	                                       2 ,870.34	
     No. of ha. affected	               49,487	                                         49,487	
     Prob. x Exposure	               0.1064	                                         0.0835	
     Sub-total, Php	          17,710,612.00	                       11,860,726.00	
Avoided cost, Php			                                                                              5,849,886.00
		
TOTAL, Php 			                                                                                          46,617,332.00

Table 11. Economic benefits through averted rice crop damage and costs due to
                tropical cyclones, 90% RCH adoption, Isabela, Philippines, 2018

1 At 137,464 ha (wet season) x 90% adoption x 45% affected x probability of typhoon occurrence x 
exposure x Php18.30/kg, average price dry paddy
2 Based on 137,464 ha (wet season) x 90% adoption x 39% x probability of typhoon occurrence x exposure
3 At Php18.30/kg dry paddy
4 Based on 137,464 ha (wet season) x 90% adoption x 40% x probability of typhoon occurrence x exposure
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CONCLUSION AND 
RECOMMENDATIONS

	 Rice farmers in Isabela, Philippines 
have been frequently exposed to climate-re-
lated risks caused by tropical cyclones as 
indicated by huge amount of crop damag-
es and losses during occurrences of these 
events. As part of adaptation mechanism, 
the use of rice combine harvester poten-
tially reduces the exposure of rice farmers 
to tropical cyclones by 36% and this con-
tributes in safeguarding their produce and 
income. 

	 Results of this study further sub-
stantiate the need to accelerate adoption 
of rice combine harvesters in major rice 
production areas of the country, especial-
ly in regions that are categorized as highly 
at risk to tropical cyclones. The amounts 
of crop damages or losses are likely to be 
higher in these areas; hence, potential ben-
efits from introducing adaptation measures 
are expected to be enormous. 

ACKNOWLEDGMENT

	 Thanks is due to the Department 
of Science and Technology – Accelerated 
Science and Technology Human Resource 
Development Program. 

REFERENCES

Bacmeister, J.T,, K.A. Reed, C. Hannay, 
     P. Lawrence, S. Bates, J.E. Truesdale, N. 
     Rosenbloom and M. Levy. 2016. Pro-
     jected changes in tropical cyclone ac-
     tivity under future warming scenarios
     using a high-resolution climate model. 
     Climate Change 1–14.

Bouwer, L.M. 2012. Observed and projec-
     ted impacts from extreme weather 
     events: Implications for loss and da-
         mage from climate change, 10.1007/978-
     3-319-72026-5_3, (63-82), (2018).

Cardona, O. D., M.K. van Aalst, J. Birk-
     mann, M. Fordham, G. McGregor, R. Pe-
    rez, R.S. Pulwarty, E.L.F. Schipper, E. 
    L. F. and B. T. Sinh. 2012. Determinants
    of risk: Exposure and vulnerability. 
    Managing the risks of extreme events 
    and disasters to advance climate change 
    adaptation A special report of working 
     groups I and II of the Intergovernmental 
     Panel on Climate Change (IPCC) eds 
     C B Field et al (Cambridge, UK, and 
     New York, NY, USA: Cambridge Uni-
     versity Press): 65–108.

Christensen, J., B., A. Hewitson, A. Busu-
     ioc, X. Chen, I. Gao, R. Held, R.K. Jones, 
    R. W-T. Kolli, R. Kwon, V. Laprise,  L. 
     Magaña Rueda, C.G. Mearns, J. Menén-
     dez, A. Räisänen, A. Rinke, Sarr and 
     P. Whetton. S. Solomon, D. Qin, M. 
     Manning, Z. Chen, M. Marquis, K.B. 
     Averyt, M. Tignor and H.L. Miller (eds). 
     2007. Climate change: The physical sci-
     ence basis. Contribution of working 
     group I to the fourth assessment report 
     of the Intergovernmental Panel on Cli-
     mate Change, pp. 848–940, Cambridge 
     university press, Cambridge, UK: 854  

Clements, R., J. Haggar, A. Quesada and 
     J. Torres. 2011. Technologies for climate 
     change adaptation-agriculture sector. 
     TNA guidebook series.UNEP.

Fellmann, T. 2012. The assessment of cli-
     mate change related vulnerability in the 
     agriculture sector: Reviewing conceptu-
     al frameworks. Department of econo-
     mics, Pablo de Olavide University, Se-
     ville, Spain.

Gifford, R.C. 1981. Agricultural mechani-
     zation in development: Guidelines for 
     strategy formulation. FAO agricultural 
     services bulletin 45: 85

Hassena, M., R. Ensermu, W. Mwangi, and 
     H. Verkuijl. 2000. A comparative assess-
     ment of combine harvesting vis-a-vis 
     conventional harvesting and threshing 
     in Arsi-Region, Ethiopia. CIMMYT.



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
52

Hinkel, J. 2011. Indicators of vulnerability 
     and adaptive capacity: Towards a clarifi-
     cation of the science-policy interface. 
     Global environmental change, 21: 191–
     208. 

IPCC. 2007. Climate change 2007: Impacts
     adaptation and vulnerability. Contribu-
     tion of working group II to the fourth 
     assessment report of the Intergovern-
     mental Panel on Climate Change. Cam-
     bridge University Press, Cambridge. 976 
    pp.

Knutson, T.R., J. Mcbride, J. Chan, K. 
     Emanuel, G. Holland, C. Landsea, I. 
     Held, J.P. Kossin, A.K. Srivastava and 
     M. Sugi. 2010. Tropical cyclones and 
     climate change. Nature geoscience 3: 
     157-163.

Knutson, T. R., J.J. Sirutis, M. Zhao, R.E. 
     Tuleya, M. Bender, G.A. Vecchi,  G. 
     Villarini, G. and D. Chavas. 2015. 
     Global projections of intense tropical 
     cyclone activity for the late twenty-first 
     century from dynamical downscaling of 
     CMIP5/RCP4.5 Scenarios. Journal of 
     Climate. 28. 7203–24.

Kreft, S, D. Eckstein and I. Melchior. 2017. 
     Global climate risk index 2017.  www.
     germanwatch.org

Malanon, H.G., R.S. Dela Cruz, S.B. Bo-
     bier, M.N. Dulay, and Z.L. Cabanayan. 
     2015. Evaluating the effects of mechan-
     ical transplanter and combine harvester 
     on rice production, farm income and 
     rural employment. Unpublished termi-
     nal report.Philippine Center for Posthar-
     vest Development and Mechanization.

McCarthy J., O. Canziani, N. Leary, D. 
    Dokken, K. White. 2001. Climate 
     change: Impacts, adaptation and vulnera-
    bility. Cambridge University Press, UK.

Mendelsohn, R. 2008. The impact of cli-
     mate change on agriculture in develo-
     ping countries. Journal of natural resour-
     ces policy research, 1: 5–19.

Nelson, G., M. Rosegrant, J. Koo, R. Rob-
     erston, T. Sulser, T. Zhu and C. Ringler. 
     2009. Climate change: Impact on agri-
     culture and costs of adaptation, food po-
     licy report, International Food Policy 
     Research Institute, Washington DC. 

Oppenheimer, M., M. Campos, R. Warren, 
     J. Birkmann, G. Luber, B. O’Neill and 
     K.Takahashi. 2014. Emergent risks and 
     key vulnerabilities. Climate change 
     2014: Impacts, adaptation, and vulne-
     rability part A: Global and sectoral 
     aspects. Contribution of working group 
     II to the fifth assessment report of the 
     Intergovernmental Panel on Climate 
     Change eds. C B Field et al (Cambridge, 
     United Kingdom: Cambridge University 
     Press) pp 1039–99.

Poungchompu, S. and S. Chantanop. 2016. 
     Economic aspects of rice combine har-
     vesting service for farmer in northeast \
     Thailand. Asian social science, 12(8), 
     201.

Skinner, M.W., B. Smit, A. H.  Dolan, B. 
     Bradshaw and C. R. Bryant. 2001. Adap-    
     tation options to climate change in Ca-
     nadian agriculture: An inventory and 
      typology. Department of Geography Oc-
     casional paper No. 25. Guelph: Univer-
     sity of Guelph, 36 pp.

Smit, B., I. Burton, R. Klein and R. Street. 
     1999. The science of adaptation: A 
     framework for assessment. Mitigation 
     and adaptation strategies for global 
     change, 4: 199–213. 

Smit, B., I. Burton, R. J. T. Klein and J. 
     Wandel. 2000. An Anatomy of adapta-
     tion to climate change and variability, 
     Climate change 45: 223–251.



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
53

Smit, B., E. Harvey and C. Smithers. 2000. 
     How is climate change relevant to far-
     mers? in D. Scott, B. Jones, J. Audrey, R. 
     Gibson, P. Key, L. Mortsch and K. Warri-
     ner (eds.), Climate change communica-
     tion: Proceedings of an international 
     conference, Kitchener-Waterloo, Envi-
     ronment Canada, pp. F3.18–F3.25.

Smithers, J. and B. Smit. 1997. Human ad-
     aptation to climatic variability and 
     change. Global environmental change, 
     7: 129–146. 

Smithers, J. and A. Blay-Palmer. 2001. 
     Technology innovation as a strategy for 
     climate adaptation in agriculture. De-
     partment of Geography, University of 
     Guelph, Guelph, Ontario N1G 2W1, 
     Canada.

United Nations Office for Disaster Risk 
     Reduction. 2011. Global assessment 
     report on disaster risk reduction. GAR 
     11.

Wardekker, R. 2011. Climate change im
     pact assessment and adaptation under 
     uncertainty. Ph.D. dissertation.Utrecht 
     University.The Netherlands.

Yamane, T. 1967. Elementary sampling 
     theory. First edition. Prentice Hall, Inc., 
     405 pp. 

Zhang, Y., G. Fan, Y. He and L. Cao. 2017. 
     Risk assessment of typhoon disaster for 
     the Yangtze River Delta  of  China. 
     Geomatics, Natural Hazards and Risks
     8:2, 1580-1591, Retrieved on Novem-
     ber 12, 201 from DOI:10.1080/1947570
     5.2017.1362040.



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
54

POSTHARVEST INTERVENTIONS ON ROBUSTA 
GREEN COFFEE BEANS IN SELECTED COFFEE 
PRODUCING PROVINCES OF THE PHILIPPINES

Rodelio G. Idago1, Ma. Cecilia R. Antolin2 and Renita SM. Dela Cruz3

ABSTRACT

	 This study aimed to assess the Robusta green coffee bean (GCB) value chain 
and recommend postharvest interventions in selected coffee producing provinces of the 
Philippines. Value chains were mapped out by tracing method with information ob-
tained through focus group discussions and key informant interviews in 12 major coffee 
producing provinces.  Postproduction practices were identified through observations of 
actual postharvest practices and survey of 118 coffee farmers in pilot study sites. Dif-
ferences in postharvest losses between actual and with postharvest interventions were 
analyzed using t-test. Quality parameters were measured using the three-tiered grading 
system that is generally applied for Robusta coffee:  1) moisture content; 2) triage or 
extent of physical defects; and 3) cup test.  Results revealed that current postharvest 
loss was 17.33%  while quality  grade score barely passed grade 3.  Postharvest tech-
nology interventions piloted under coffee farmers cooperatives  were coffee depulpers, 
hullers and coffee dryers. With the use of the postharvest interventions postharvest  loss 
was significantly (P<0.01) reduced to 4.95% while quality grade improved  to grade 2 
passing  the three-tiered grading system. The study recommends that the postharvest 
interventions be strategically applied by specific value chain actors as follows: 1) Cof-
fee depulper and coffee dryer  to be used by individual coffee farmers as they perform 
the depulping and drying  operations; 2) Hullers, on the other hand can be strategically 
situated and operated by the coffee farmers cooperative  for economies of scale and for 
pooling of the limited volume produced by individual farmers. The set of postharvest 
facilities should be operated as a package of postharvest  technology to attain the highest 
possible loss reduction and quality improvement. The result of the study can be a valued 
information for program planners, project implementers aiming to improve the Robusta 
GCB value chain and to potential technology adopters engaged in GCB production and 
processing.
  
Keywords: Coffee dryer, Dehuller, Depulper, Green coffee bean,  Postharvest losses
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INTRODUCTION

	 The Philippines used to be one of the 
top 10 producers and  exporters of coffee in 
the 1970s but problems related to unstable 
world market price of coffee beans, quota 
restrictions and high cost of production re-
duced the once booming domestic coffee 
industry into almost backyard type of pro-
duction (Agrimag, 2018).  The local coffee 
industry which is strongly participated by 
smallholder producers cultivating Robusta  
collapsed in the 1990s, following the end of 
the International Coffee Agreement and the 
2001 coffee crisis (Bamber, et al., 2017). 

	 The Philippine Statistics Authority 
(2018) reported that production of dried 
coffee berries of all varieties had gone down 
from 2012 to 2016 at an average annual rate 
of 6.2 %, from 88,940 MT  to 68,820 MT 
. The country’s production of green coffee 
bean in 2014  was about 37,727  MT while 
domestic consumption was about 132,000  
MT making the Philippines a net importer 
of coffee. 

	 Consequently, the Philippines had 
an average annual sufficiency ratio of only 
49% (PSA, 2014). Because of the steady 
drop in the local production, the  imports  
is continuously increasing with the rising 
demand due to the  growing number of 
specialty coffee shops and foreign coffee 
brands that are now operating in the coun-
try (Philippine Coffee Industry Roadmap; 
2017-2022).  

	 There are four major varieties of 
coffee grown in the Philippines: Robusta, 
Arabica, Excelsa and Liberica. Of all the 
coffee varieties, Robusta coffee registered 
the highest  production at 47,300 MT  or a 
share of 68.7 % (PSA 2018). Arabica coffee 
followed with 16,760 MT, Excelsa coffee 
with 4,270 MT, and Liberica coffee with 
500 MT (PSA; 2018).

	 While declining production, high 
importation, low yield, backyard  scale of 

production becomes the notable character-
istics of   the Philippine coffee industry, the 
surge in demand both in the domestic and 
international market and its potential eco-
nomic opportunities prompted the Philip-
pine government to revitalize the once dy-
ing industry (Bamber et al.; 2017).   

	 The Department of Agriculture  
(DA) identified coffee as among the priority 
crops to be developed in the next 10 years. 
Under the Coffee Development Program 
which was initiated in 2015, is a roadmap 
with a grand plan that aims to make the 
Philippine coffee industry  self-sufficient 
characterized by  increased income among 
the different levels of supply chain players, 
and getting a significant share in the ex-
port markets, especially for specialty coffee 
products. 

	 Under the coffee development pro-
gram the provision of  postharvest facilities  
was identified as one of the critical  inter-
ventions that must be provided in major 
coffee producing areas   (DA-Coffee Road-
map, 2017-2022). Similarly, Bamber et 
al. (2017) identified the crude postharvest 
methods as one of the major limitations that 
needs to be  addressed by the industry to 
improve its value chain. The postharvest 
methods and technology used play a criti-
cal role in the value chain as it directly in-
fluences the quality of  GCB which is the 
base material required by processors in the 
production of  specialty and instant coffee. 

	 This study aimed to assess the Ro-
busta  GCB value chain and recommend 
postharvest interventions in selected cof-
fee producing provinces of the Philippines. 
Specifically, it sought to: map out the mar-
ket channels and identify the chain actors 
involved in the Robusta GCB value chain;  
identify and analyze the values added by 
various stakeholders in various market 
channels; identify the constraints specifi-
cally in the production of GCB, and; pilot 
test the identified postharvest technology 
interventions.
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METHODOLOGY

Conceptual Framework

	 The study employed the Value 
Chain Analysis (VCA) framework to identi-
fy the activities of the different actors in the 
Robusta GCB value chain and determine  
specific areas in the field of postharvest 
that needs improvement and technological 
interventions. Value chain is the sequential 
set of primary and support activities  that an 
enterprise performs to turn inputs into value 
added outputs for its external consumers. 

	 As developed by Michael E. Por-
ter (1985), it is a connected series of in-
terdependent organizations, resources and 
knowledge streams involved in the creation 
and delivery of value to end customers 
(AsiaDHRRA, 2008). Adapting  the VCA 
model of  AsiaDHRRA (2008), the model is 
comprised of the following analytical entry 
points- the flows of product, information 
and payment, and the enabling environment 
(Figure 1). 

	 The study confined its analysis on 
the value chain of Robusta GCB from the 
production, postproduction and marketing 
with the processors of GCB as the last point 
of value chain.  

Value chain mapping

	 The coffee value chain was mapped 
out  through tracing method with details es-
tablished through focus group discussions 
(FGD), participation to regional and nation-
al coffee fora and key informants interview 
(KII)  in 12 coffee producing provinces 
which include Cavite, Davao, Compostela 
Valley, Quezon, Batangas, Sultan Kudarat,  
Iloilo, Bulacan, Bataan, Surigao, Nueva 
Vizcaya and  Aurora. KII was also conduct-
ed in the Nestle central processing plant lo-
cated in Cagayan de Oro, Philippines. 

Figure 1. The Value Chain Analysis model (Adapted from 
                AsiaDHRRA, 2008).
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Type and Source of Data

	 Primary and secondary data were 
used in the study. Primary data include in-
formation on postharvest operations, prac-
tices and tools applied, average volume of 
production, marketing, value chain partic-
ipants and their activities, etc. which were 
obtained using survey, focus group discus-
sion (FGD) and key informant interviews 
(KII). 

	 Data on the performance of cur-
rent postharvest operations were obtained 
through actual observations and measure-
ment of technical parameters such as capac-
ity, postharvest losses and quality parame-
ters. Secondary data include information 
on production, consumption, quality and 
grading system, etc. which were obtained 
from Philippine Statistics Authority (PSA), 
Department of Agriculture, Department of 
Science and Technology (DOST), Depart-
ment of Trade and Industry (DTI), Philip-
pine National Standard (PNS), Nestle, and 
attendance to various fora participated by 
stakeholders of the coffee industry. 

Time and Place of Study

	 The study was conducted in  2013 
to 2014  in the provinces of Kalinga and 
Aurora. These provinces were identified 
as pilot sites based on the pre-identified 
criteria of the study such as: the province 
should be one of the major producers of 
Robusta coffee; with strong participation of 
local specialty coffee processors; under the  
OTOP (one-town-one-product) program of 
the DOST; with favourable peace and order 
situation, among others. 

	 Also the recommendations of Nes-
tle and other coffee stakeholders were con-
sidered in the selection of the project sites.   

Selection and Sampling of Respondents
 
	 The respondents were selected 
based on their participation in the value 

chain. Farmer respondents represent about 
30%  of  the coffee farmers operating in 
the pilot sites or equivalent to 118 coffee 
farmers,  which include both members and 
non-members of the project co-operators. 
Barangay trader and miller respondents 
represent all the barangay traders and mill-
ers operating in the study area. Municipal 
traders include the major traders operat-
ing in the  study area identified through 
chain-referral and tracing method. Nestle 
buying station respondents include the buy-
ing stations operating in the province. Local 
coffee processors and coffee shop operator 
respondents are those that are operating in 
the study area and were licensed by DTI 
and  supported by DOST under their OTOP 
program.   

Postharvest practices  of  Robusta coffee 
farmers and its performance

     The postharvest  practices of the Robusta 
coffee farmers were determined by actual 
observations of  postproduction operations 
covering harvesting, pulping, drying, stor-
ing, hulling and marketing. The perfor-
mance of major postproduction operations 
were evaluated and served as benchmark  in 
the identification and design of appropriate 
postharvest interventions in the production 
of Robusta GCB.

 	 The quantitative performance of the 
current postproduction practices was evalu-
ated using percentages of physical defects, 
specifically broken beans from the opera-
tions in  depulping and dehulling using the 
following formula:

Percentage broken beans from depulping 
(%PBp)

	 Broken beans refer  to fragment of 
coffee of which the size is less than three-
fourths of the whole bean (PNS-BAFPS; 
2012). Depulping  is the  operation in the 
wet processing of coffee which removes the 
pulp (exocarp) and as much as possible the 
mucilage (meso carp) through mechanical 
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means (PNS-BAFPS; 2015). Percentage 
broken beans after depulping  PBp (%) was 
computed using the formula:

                  PBp (%)=  PBp  x100  
                                     TWp
where:

      PBp (%) = broken beans, in percentage
      PBp = weight of broken beans, in 
                  grams
      TWp = total weight of depulped beans, 
                  in grams

Percentage broken beans from hulling 
(PBh%)

	 Dehulling is a  primary processing 
step that separate the dried pericarp (in dry 
method) or the dried parchment and silver 
skin (in wet method) from the green coffee 
beans (PNS-BAFS;2015). Broken beans 
from hulling refers to dried parchment cof-
fee or dried coffee cherries that are broken 
during dehulling.  Percentage broken beans 
from dehulling  (%PBh )was computed us-
ing the formula:

            PBh (%)=  Bbh  x100  
                              TWh
where:
     
       Bh (% )= broken beans, in percentage
       Bbh = weight of broken beans, in 
                  grams
      TWp = total weight of dehulled  beans, 
                   in grams

	 The performance of the postproduc-
tion practices using qualitative parameters 
was evaluated using the three-tiered grad-
ing system: 1) moisture content; 2) triage 
and 3) cupping.

	 Moisture content (MC). MC is the 
first level of quality control that must be 
passed by the GCB to be accepted by buy-
ers and processors. 

	

	 The recommended moisture content 
for GCB for storage and eventual roasting 
is 11%. The moisture content was measured 
by the use of a moisture meter.

	 Triage. Triage is the second level 
of quality grading system which analyses 
GCB based on the extent of physical de-
fects and impurities. Physical defects and 
impurities include foreign body, admixture, 
black beans, cherry/undehulled, stinker 
beans, husk fragment, parchment fragment, 
broken bean, moldy bean, immature bean 
and insect-damaged bean.  The result of the 
triage determines the  coffee grade (CG) 
which  is computed using the formula:

                  CG =  Ʃ Df     x 100
                           Ʃ GCB

where:
  
  CG = coffee grade which is determined as  
            follows:  
             Grade 1 = coffee beans having or 
             less than 8% triage
             Grade 2 = coffee beans having 
             more than 8% but not more than 
             12% triage
             Grade 3 =coffee beans having 
             more than 12% but not more 
             than 16% triage
   Ʃ Df  = total count of  physical defects 
                and impurities
   Ʃ GCB = total count of GCB samples 

	 Cupping. Cupping is the last tier of 
grading and quality control system. This 
is  performed by a trained cupper that ex-
amines the cupping quality and profile of 
GCB. Trained cuppers from Nestle who are 
assigned in satellite buying stations con-
ducted the cupping of GCB samples sub-
mitted for quality analysis.

	 In the procurement of  GCB, par-
ticularly by Nestle,  the GCB must pass all 
the three grading systems prior to purchase. 
Price premium is given to GCB with  high-
er quality grade.
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Identification and piloting of  
postharvest intervention for GCB

	 Based on the result of value chain 
and the performance of current postproduc-
tion practices, the study identified specif-
ic areas that required interventions. In the 
identification of postharvest interventions 
major considerations were given into the 
specific actors that perform the specific op-
erations and the volume of produce they are 
handling. 

	 For example, if the source of inef-
ficiency is the farmers current practice and 
tools, the design intervention must be ap-
propriate to the farmer’s level of operation 
and production. In addition, the study also 
recognized that the design of the interven-
tion must be viewed as a series of  opera-
tions  operating as a system and therefore 
the design intervention must be properly 
matched to attain improvement in produc-
tivity and efficiency.

	 The work of  Idago et al., (2011) on 
the design of  postharvest system interven-
tions on Arabica coffee provided the basis 
in the identification  and matching of post-
harvest interventions for  Robusta coffee. 
To assess the performance of  the posthar-
vest intervention, it was piloted in the prov-
inces of Aurora and Kalinga under two cof-
fee farmers cooperatives engaged in trading 
and processing of Robusta coffee. 

Analyses of Data

	 Descriptive analysis was used to 
analyse the farm profile and  postproduc-
tion practices of farmer respondents. 

	 On the other hand, t-test was used to 
determine if there is significant differences 
between traditional and with postharvest in-
terventions in terms of  quality and physical 
parameters. The SPSS software was used to 
perform analysis of the data. 

RESULTS AND DISCUSSION

Value chain of Robusta GCB

	 The value chain of Robusta cof-
fee can be grouped into two major market 
channels: 1) the local processors market 
channel that produces roasted ground cof-
fee and gets an estimated 15% share of the 
total GCB production (Figure 3); and  2) the 
Nestle market channel that produces instant 
soluble coffee getting  85% share of the 
local GCB production through its buying 
stations strategically distributed nationwide 
(Figure 4). Figures 3 and 4 also illustrate 
the flow of product, information and pay-
ment. 

Robusta coffee value chain actors 
and their roles

	 The value chain actors and their 
roles are presented in Figure 2. The value 
chain actors and their specific roles and ac-
tivities were the following:

1. Input supplier – supplies seedlings, 
    fertilizers and other farm inputs, farm 
     tools  and equipment.

2. Coffee farmers – manage the farm, per-
    form harvesting, pulping, drying and hu-
     lling to produce the GCB.

3. Coffee farmers cooperative – procures 
     coffee in the form of GCB, dried berry or 
    parchment coffee from farmers and pro-
    vide other services to farmer members; 

4. Barangay traders/miller – traders and 
    also operating as millers in the barangays 
    and typically operating a coffee huller 
   for custom servicing. In some cases pro-
   vide credit paid through “charge-to-crop” 
   arrangement.

5. Municipal trader/assemblers/miller – 
   operates buying stations and buys coffee    
   from barangay traders and walk-in far-
   mers. Others operate a huller for custom 
   servicing. 
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Figure 2. The coffee value chain actors and their roles.

6. Local processors/roasters - engaged in  
    processing specialty “gourmet” coffee 
    and invested in processing facilities such 
    as roaster, grinder and packaging equip
    ment.

7. Nestle - procures about 85% of the total 
    GCB production and sources out its defi-
    cit from other countries such as Vietnam, 
    Malaysia and Indonesia. Operates satell-
    ite buying stations strategically  situated 
    in major coffee growing areas and impo-
    ses a 3-tiered quality control and grading 
    system: i. moisture content; ii. triage; and 
   iii. Cupping.

8. Other processors - value chain players 
    including Café Puro, Blend 45, Kopiko, 
    SanMig coffee and other processors of 
    instant coffee.

9. Coffee shops – retails coffee in various 
   preparations: black coffee, espresso, cap-
  puccino, café latte, etc. and acquires raw 
   material from other traders.

10. Institutional market – retails and 
      wholesales GCB,  processed coffee and      
      instant coffee.

11. Consumers - the last actor of the value 
     chain, buys roasted ground, instant, ready 
    to drink preparations from coffee shops,   
    supermarkets and retailers.

12. Other stakeholders – indirectly invol-
     ved in the production of coffee but pro-
     vides the necessary  enabling environ-
     ment such as infrastructure, research, 
     credit, technologies, etc., comprising of 
     government, non-government and pri-
     vate institutions.

Figure 3. Local processors market channel
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Figure 4. Nestle market channel

Cost and income structure 

	 The cost and income structure  high-
lighted the costs and net income shares of  
the value chain actors  and at the same time 
provided a picture of the distribution of 
gain among the value chain actors. Adapt-
ing the work of Lantican et al. (2011), net 
income is the profit earned after deducting 
all the expenses of each actor from the total 
value of the final product at the end user 
of GCB. The study considered two market 
channels , the  Kalinga-Tuguegarao-Manila 
market channel and the Aurora-Cavite mar-
ket channel. These market channels were 
selected by the study as they are the major 
existing market channels in the pilot sites 
where the project cooperators were main-
streamed. 

	 For  Aurora–Cavite market chan-
nel, the distribution of gross margin was 
dominated by the coffee farmers at 53.19% 
followed by barangay trader at 39.72% (Ta-
ble 1). Consistently the farmers and the ba-
rangay trader had the highest cost shares at  
42.55%  and 32.98%, and income shares of   
10.64% and 6.75%, respectively (Table 2). 

	 For Kalinga-Tuguegarao- Manila 
market channel, the distribution of gross 
margin was concentrated at the coffee 
farmers at 79.79% followed by municipal/

city trader and barangay trader at 14.89% 
and 5.32%, respectively (Table 3). Gross 
margin share was computed as the percent-
age share received by the actor based on the 
highest price of GCB which is P94, for ex-
ample the gross margin  share of  79.79% 
received by the farmers was computed as 
the ratio of  P75 and P94 expressed in per-
centage.  In terms of costs share farmers 
also incurred the highest share at 62.93% 
and consistently had the highest net income 
share at 16.86% (Table 4).  

	 In light of the value chain presented 
for all the market channels, primary process-
ing operations (harvesting, drying, hulling, 
sorting) contributed about three-quarter on 
the average of the cost in the production of 
GCB. While farmers got the highest cost 
share, they still had the highest net income 
share by performing harvesting, drying and 
hulling before selling the GCB to the next 
supply chain player. This further suggested 
that providing them the opportunity to pro-
cess their produce to GCB they reaped the 
highest profit despite their backyard level 
of  production. 
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                                                                                                          Gross margin                             
Value chain actors	              Selling                         Buying	            Amount               Share (%)
			          price (Php/kg)	 price (Php/kg)             (Php/kg)
Coffee Farmers                              50	                        --	                            --	              53.19
Barangay Trader	              87.34	                       50	                         37.34	             39.72
Trader/miller	                              94	                     87.34	              6.66	              7.09
Nestle 	                                            --	                       94               	   --	               ---

Table 1.  Gross marketing  margin shares, selling price and buying price of the different chain 
               actors in Aurora–Cavite (Nestle Buying Station) market channel with GCB as final 
               product. 2012.

                                                                                                      Value Chain Actors                        
Value chain actors	   Farmers                        Brgy Trader                      Trader/Miller             Total
Costs (Php/kg)	                     40                                 31                                       5                        76
                                        Production,                 Drying, hulling,              Sorting, trucking, 	
                                        harvesting, others       trucking, labor, others     others

Net income
(Php/kg)	                      10	                              6.34	                                  1.66	          18

Cost share, %	                    42.55	                 32.98	                                 5.32	        80.85
Net income share, %	       10.64	                  6.75	                                  1.76	        19.15
Total	                                 51.77	                38.65	                                  9.57	         100

Table  2. Cost and net income shares of the different chain actors in  Aurora–Cavite (Nestle 
               Buying Station) market channel with GCB as final product; 2012.

 Table 3. Selling price, buying price and gross marketing margin shares of the different chain actors    
               in Kalinga –Tuguegarao  City  (Nestle Buying Station) market channel with GCB as final 
               product. 2012.

                                                                                                          Gross margin                             
Value chain actors	              Selling                         Buying	            Amount               Share (%)
			          price (Php/kg)	 price (Php/kg)             (Php/kg)
Coffee Farmers                             50	                        --	                            --	              79.79
Barangay Trader	               80	                       75	                             5	               5.32
Municipal/City Trader                 94	                       80	                            14	              14.89
Nestle Buying Station                   --	                       94               	   --	               ---
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Table 4. Cost and net income shares of the different chain actors in the Kalinga–Tuguegarao  City  
              (Nestle Buying Station) market channel with GCB as final product. 2012.

                                                                                                      Value Chain Actors                        
	                                       Farmers                      Brgy Trader                Municipal Trader                 Total
Costs (Php/kg)	                    59.15	                               3.2	                          6.48	               68.84
                                  Production ,harvesting,          Transportation,                 Delivery                                   
                                   drying,hulling, delivery         others                            and marketing , others	

Net income
(Php/kg)	                                 15.85                                 1.8                                7.52                         25.17

Cost share, %	                    62.93	                               3.40	                           6.89	               73.22
Net income share, %	      16.86                                1.91                                8.0                         26.77

Existing Postharvest Practices 
and their Limitations

	 The information from this section 
were obtained through survey and actual 
observations and measurement of data on 
postproduction on-farm. Samples for phys-
ical analysis were collected from represen-
tative farms.  

	 Harvesting. Farmers harvested their 
coffee manually either by priming (43%) or 
stripping method (57%). While priming, 
which is picking only the ripe berries, is the 
best method other farmers practiced strip-
ping. Physical analysis of coffee berries 
harvested by stripping method revealed that 
about half (51%) is still unripe (Table 5). 
This practice resulted to low quality  GCB. 
In terms of  average production,  a typical 
farmer produces 110 kg of GCB per season.

	 Depulping. This operation in the 
wet processing of coffee removes the pulp 
(exocarp) and most of the mucilage (me-
socarp) through mechanical means (PNS-
BAFPS ;2015).  Some farmers (6%) ap-
plied the “pulped natural” process which 
removes the coffee pulp prior to drying. 
Coffee pulp is about 44% of the coffee ber-
ry hence removing the pulp significantly 
shortened drying time. While depulping 
facilitated drying, it produced about 10 
percent broken (Table 6). This was due to 
the crude design of the wooden depulper 
that used common wood nail (Figure 5) in 
the depulping mechanism that resulted to 
breakage or mechanical damage  in coffee 

bean. A wooden depulper has depulping ef-
ficiency of  72% and an average capacity 
of 45 kg/hr. Depulping efficiency is the ra-
tio of the total weight of depulped coffee 
collected at the depulper outlets to the total 
coffee berry input, expressed in percentage. 
In areas that practiced pulped natural meth-
od  44% of the farmers used the wooden 
pulper while others  used the mortar and 
pestle which was the same tool used for de-
hulling. 

	 Drying. Majority of the farmers 
(94%) practiced the “dry method”  which  
directly dries the coffee berries.  This was 
in contrast to the wet method where depulp-
ing and fermentation were practiced prior 
to drying. The wet method or wet process 
is commonly applied in Arabica variety. 
Sundrying (78%) was done using underlays 
such as tarpaulin, plastic nets, and sacks 
usually touching the soil in the absence of a 
concrete pavement. Some farmers used the 
“tapahan” or improvised direct-fired dryer 
(Figure 4). 

	 This drying practice produced low 
quality GCB due to excessive smoke which 
was later absorbed by the dried bean. In the 
absence of moisture meter, farmers estimat-
ed the dryness of coffee through feel meth-
od  or  approximated from the sound of 
bean inside the dried berry while shaking. 
This method of estimating the MC howev-
er, was not reliable as attested by several 
experiences of barangay traders when their 
GCB were rejected for purchase due to un-
derdrying (MC>11%) .
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Table 5. Physical analysis of coffee berries harvested by stripping method. 2013.

Description	           Farm 1	          Farm 2	           Farm 3	         Average	          Percentage
Ripe	                           76	              95	              80	          83.67	             27.89
Unripe	                          140	             153	             170	         154.33	             51.44
Physiologically mature	 75	              40	              40	          51.67	             17.22
Overripe	               6	               7	               7	           6.67	              2.22
Dried berry	               3	               5	               3	           3.67	              1.22

Table 6. Percentage broken of coffee beans depulped using wooden pulper. 2013.  

Parameters	                   Farm 1	          Farm 2	                   Farm 3	           Average	          
Initial weight (grams)	      500	                         500	                    500	                         500
Wt. of broken (grams)	       50	                          50	                     55	                        51.67
Percent broken	                    10	                          10	                     11	                         10.33

Figure 5. Pulping using wooden pulper Figure 6. Improvised direct-fired or 
               “tapahan”

	 Storing. More than half (60%) of 
the farmers stored their coffee in the form 
of dried berries in polyethylene sacks. They 
practiced storage for  a number of reasons 
such as for  home consumption and   in an-
ticipation of  higher price. For those farm-
er respondents that practiced storage, they 
identified  problems such as  molded berries 
(3%) and insect damage (8%).

	 Hulling. Hulling is a primary pro-
cess that separates the dried pericarp (in dry 
method) or the dried  parchment and silver 
skin (in wet method) from the green coffee 
beans (PNS-BAFPS 2015). 

	 Majority of the farmers (74%) 
hulled their coffee berries using the tradi-
tional huller or “kiskisan” (Figure 7). Cof-
fee were normally disposed by farmers in 
the form of  GCB. Hullers were typically 

operated by barangay and municipal trad-
ers that procured and traded coffee with 
other supply chain players, generally  with 
players engaged in coffee processing. Aside 
from  coffee, these hullers were also used 
for corn and palay as part of custom servic-
ing. Mechanical huller incurred about 4% 
broken (Table 7) and in some cases  went 
as  high as 32% due to poor machine main-
tenance and undertrained operators.

	 In remote areas where huller was 
not available or practically inaccessible 
because of their location, farmers dehulled  
their coffee by pounding method with the 
use of  the  traditional mortar and pestle 
(Figure 6).Coffee dehulled using this meth-
od incurred about 7% broken beans (Table 
8). Broken beans was a major form of de-
fect when coffee is graded.
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Table 7. Extent of broken  and unhulled beans dehulled in existing hullers; 2013. 

Defects (%)                  Huller 1	           Huller 2               Huller 3	             Huller 4	              Average
Broken beans (%)         5.00	             3.00	              4.00	               5.00	                4.25
Unhulled (%)                2.70	             2.00	              1.00	               0.00	                1.42

Table 8.  Extent of broken beans dehulled using the traditional pounding method; 2013.

Parameters	         Farm 1	       Farm 2	  Farm 3	            Farm 4	        Farm 5	 Average
Initial wt (g)	           500	          500	     500	               500	           500	    500
Broken bean (g)	           40                     35	      30	                32	            35	     34
Broken beans(%)           8	            7                   6	                 6	              7	      7

Figure 7. Dehulling using mechanized 
               dehuller.

Figure 8. Dehulling using pounding 
               method 

	 Sorting/grading. This operation is 
normally performed by traders which are 
the last value chain actors prior to proces-
sors that process the GCB. Hence, coffee 
bean must meet the quality standards im-
posed by Nestle and other local processors.

Quality Profile  of GCB Under the Exist-
ing Postharvest Practices

	 Triage. GCB produced from sam-
ple farms were analysed using the triage or 
grading system practiced by Nestle and ma-
jority of the local traders. 

	 The results suggested that  GCB 
produced under  the existing postharvest 
practices had the following major defects 
which included black beans and broken 
beans (Table 9). 

	 These defects has profound  influ-
ence on the quality of GCB. Black beans 
was a result of unripe or immature beans 
resulting from stripping method. Broken 

beans, on the other hand, was attributable 
to the method of depulping and  dehulling. 
Without further sorting  to remove these de-
fects, only GCB from Farm 1 barely  passed 
quality grade 3. Nestle only buys  grade 3 
or better. 
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Table 9. Physical analysis or triage of GCB produced from traditional harvesting, drying  and 
             hulling using the Nestle triage system; 2013.

Types of defect*          Farm 1                Farm 2	        Farm 3	   Farm 4            Farm 5          Ave.
           (%)                                                                                                                                                           (%)	
Foreign body	                0	               0	            0	                  1.5	                0	       0.30
Black beans	               10	               6	           31	    23.33	              23	      18.66
Cherry/undehulled	   0	             5.30	            0       	        0	                0	       1.06
Husk fragment	                0	              1.7	            0        	     0.22	              0.33	       0.45
Broken bean	                6	             5.30	          17.33	    11.33	             13.89	      10.77
Insect damaged 
Bean	                           0.33	              2.8	             0	     0.23	               0.23	       0.72

TOTAL	           16.33                  21.10	          48.33	     36.61             37.45	      31.96

*based on NESTLE triage system
Grade 1 = coffee beans having or less than 8% triage
Grade 2 = coffee beans having more than 8% but not more than 12% triage
Grade 3 = coffee beans having more than 12% but not more than 16% triage

Drying Methods 	                                        Cup Taste	                              Result
Sundrying, drying pavement,               Low medium fermented               Rejected
(2 weeks)                                                           Rating: 7.3*	

Sundrying, drying pavement,	               Low fermented                        Accepted
                                                                          Rating: 7.2	

Smoke drying	                                                 Rejected**	            Rejected

Table 10. Cupping result from different drying methods evaluated by Nestle buying station 
                in Cavite; 2013.

*Rating above 7.2  is not acceptable
** Not tested for cupping and immediately rejected because of smoky odour

Design  of  the Postharvest Interventions

	 Based on the aforementioned results 
of the current postharvest performance, the 
postharvest interventions were designed to 
address the inefficiencies in the operations 
of  coffee pulping, drying and dehulling.  
Prior to the selection of facilities,  factors 
considered were: 1) average production per 
farmer 2) coffee physical attributes  3) ac-
tivities or roles of value chain participants 
4) quality grading standard 5) access to 
electricity or  power on-site.  

	

Parallel to the identified inefficiencies, the 
postharvest facility interventions were  cof-
fee depulper (Figure 7), coffee dryer (Fig-
ure 8) steel huller (Figure 9) and  moisture 
meter (Figure 10). The technical descrip-
tions of these postharvest facilities are as 
follows:



                               
                            Asian Journal of Postharvest and Mechanization           Vol. 3 No. 2

                                                                                                               

 
67

Figure 9. Steel-bib coffee depulper

1. Coffee depulper	 Breast plate = Steel bib type
                                    Cap.= 120kg/hr (manual opera-
                                    tion); 300kg/hr  motorized 6hp 
                                    gasoling engine
                                    Separation efficiency: >90%

2. All-weather-solar       Dimension: 2m x 7m
dryer (AWSD)	               Capacity: 120-150 kg per 
                                        batch
                                       Material frame: wood or bam-
                                       boo whichever is available in 
                                       the area
                                       Cover: UV stabilized plastic  
                                       with 4 mil thickness
                                       Source of heat: solar 

3. Dehuller	                Steel huller:  “Engelber de
                                                              sign”
                                       Capacity = 360 kg/hr
                                       Prime mover = 80hp diesel 
                                                                engine
                                       Uses fluted steel for hulling 

4. Moisture meter	       Non-destructive type
                                          For parchment coffee and 
                                          GCB
                                          Digital
                                          Multi-grain moisture meter
                                          Manufacturer : Nano Device 
                                          Inc. 

Figure 10. All-weather solar dryer

Figure 11. Steel huller

Figure 12. Moisture meter
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	 The postharvest interventions were 
piloted in Mananig Multi-Purpose Coop-
erative in Kalinga Province and Dipaculao 
Coffee Producers Cooperative in Aurora 
Province from 2013-2014 and  until 2016 
to include enterprise development, technol-
ogy promotion and commercialization. 

	 These cooperatives were selected 
based on the criteria set by the study such 
as: 1) the cooperative must be active for the 
last five years and registered under the Co-
operative Development Authority (CDA); 
2) with existing trading and processing op-
eration; 3) supported and recommended by 
DA, DTI and DOST; 4) with good track re-
cord; 5) willing to cooperate, among others. 
Prior to the piloting, project co-operators 
were provided trainings on  the technical 
operation, maintenance and management 
of the postharvest system interventions. 

Operation of the Postharvest 
Intervention

	 The set of postharvest interventions 
were operated as a system covering a series 
of operations  from depulping, drying and 
dehulling. Newly harvested coffee berries 
were depulped  using steel bib depulper to  
produce the fresh parchment coffee. Fresh 
parchment coffee were dried in the AWSD 
which  took three to seven days on the aver-
age to dry from approximately 60% to 11% 
MC. 

	 The method of process used  was 
modified dry process or pulped natural 
method.   To determine if the optimum MC 
was already attained after drying, the mois-
ture meter  was used to accurately measure 
MC.  Dried parchment coffee were then 
temporarily stored in sacks  for future hull-
ing. For longer storage the practice was to 
store coffee either in dried berry or dried 
parchment coffee rather in GCB form to 
preserve the quality. 

	

	 Coffee seeds can be stored in air-
tight polyethylene bag for two years at a 
temperature and relative humidity of 15C 
and 41%, respectively (Mitchell, 1988). The 
bulk of the GCB produced were delivered 
and sold to Nestle buying stations while  a 
fraction (about 5%) was retained for their 
production of roasted ground coffee. These 
cooperatives had their own branding which 
is strongly supported by the DTI in terms of 
product development and marketing. The 
postharvest system was operated by the two 
project cooperators for about two years to 
cover two seasons. 

Improvements as a results of 
Postharvest Intervention

	 Reduction in broken beans.  Using 
the steel bib coffee depulper, percent  bro-
ken beans from depulping was significantly 
(P<0.01) reduced by 6.10%.  Likewise, the 
use of coffee huller significantly (P<0.01) 
reduced broken beans by 3 %. This trans-
lated to postharvest loss reduction of 9.10% 
bringing the current postharvest loss down 
to 4.95%.  In terms of triage the  GCB was 
upgraded from  grade 3 to grade 2

	 Cupping quality. GCB samples 
produced with  postharvest interventions 
were submitted to Nestle for cupping.  Re-
sult of cup test revealed that  coffee dried 
from  AWSD, both in parchment and whole 
dried berry form, passed the cupping test 
of Nestle (Table 12). This can be attribut-
ed to immediate drying of the coffee ber-
ries that prevented overfermentation. Ele-
vated drying bed also prevented the coffee 
from touching the soil that caused earthy 
flavour.   The use of AWSD during sunny 
days reduced drying time from seven to five 
days during rainy days  or seven to three  
days during sunny days with the aid of 
the depulper. During intermittent rain, the 
combination of AWSD and pulper reduced 
drying time from 14 days to six days, that 
contributed to better quality GCB.
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ITEM	                                                       PRACTICE                                   MEAN DIFF                 
	                                        With                            Traditional
                                                      Intervention		
Percent broken (pulping)         0.70	                     6.80	            (6.10)**
Percent broken (hulling)	         4.25	                     7.25	            (3.00)**

Table 11. Comparison of quality indicators between with intervention and traditional practices for 
                pulping and hulling; 2014.

**significant at 1% level of significance

Drying Methods 	                       Cup Taste*	                      Result
AWSD whole berry 	                   Low grassy                   Accepted
                                                          Rating: 7.2	

AWSD depulped berry	                   Low fermented             Accepted
                                                          Rating: 7.2	

Table 12. Cup tasting result of GCB produced with postharvest intervention conducted by Nestle 
                buying station in Cavite; 2014.

*Rating above 7.2  is not acceptable

CONCLUSION AND 
RECOMMENDATION

	 Employing VCA framework, the 
study revealed that the potential value of  
Robusta GCB was not attained because of 
poor postharvest practices and lack of ap-
propriate postharvest facilities for depulp-
ing, drying and dehulling. Majority of the 
farmers dried their coffee by sundrying, a 
form of drying that was unreliable as har-
vesting coincided during the rainy months. 
Prolonged drying period due to intermittent 
rain resulted to over fermentation that pro-
duced  GCB with poor quality due to high 
acidity. 

	 Farmers without access to concret-
ed pavement dried their coffee using net un-
derlays but touching the soil. This practice  
produced coffee with earthy flavour. Earthy 
flavour and high acidity are quality deterio-
rations that manifest when coffee is subject-
ed to cup testing and eventually results to 
rejection. Farmers that depulped their cof-
fee to facilitate dying incurred losses from 
broken beans due to the crude design of im-
provised wooden depulper. Remote areas 
that still practiced the traditional pounding 

method produced GCB with high percent-
age of broken beans which is the basic raw 
material input for processors of instant and 
specialty coffee.
 
	 To address these inefficiencies, 
postharvest interventions comprising of 
coffee depulper, all-weather-solar dryer, de-
huller and moisture meter was introduced 
and piloted in two coffee farmers cooper-
ative engaged in trading and  processing 
GCB. The results revealed that adoption of 
the postharvest system intervention signifi-
cantly (P<0.01) reduced  postharvest loss 
by 12.38%. Likewise, the use of the inter-
vention  improved GCB quality grade from 
grade 3 to grade 2. Cupping quality was 
also improved due to reduction in drying 
time and better handling,  passing the strin-
gent  quality control and grading system  of 
Nestle. 

	 The results of the study suggest that 
the value chain of Robusta coffee can be 
enhanced due to availability of better qual-
ity GCB for processors of instant and spe-
cialty coffee. The provision of postharvest 
facilities can be an effective intervention 
to step up the performance of the Robus-
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ta GCB value chain. For further study, the 
sustainability of how these interventions 
will be made available and mainstreamed 
in the Robusta GCB value chain should be 
investigated. This will be valued  informa-
tion for researchers, program planners and 
project implementers in crafting  interven-
tions that aim to revitalize the Philippine 
coffee industry. 
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EFFECT OF GAMMA IRRADIATION 
ON THE PHYSICO-CHEMICAL 

QUALITIES OF STORED BROWN RICE 

Ma. Cristina B. Gragasin1 , Ofero A. Capariño2, Sheryll May M. Villota3,
and Zenaida C. De Guzman4

ABSTRACT

	 Rice is considered as one of the staple foods of the Filipinos. With the recent con-
sumer preference to eat healthy foods, demand for brown rice or unpolished whole grain 
rice is increasing because of its nutritive value.  However, brown rice contains high oil 
content that shortens its shelf-life and making the grains rancid because of the formation 
of free fatty acids causing rancidity and spoilage. Likewise, the eating qualities of brown 
rice change with time due to hardening of starch molecules. This makes it unattractive for 
eating. A suitable and cost-effective treatment to preserve the physico-chemical qualities 
of brown rice is needed to assure acceptability in terms of eating quality both in the local 
and international markets.The efficacy of irradiation treatment in preserving the qualities 
of brown rice was investigated in the present study in terms of its physical and chemical 
qualities. Low amylose brown rice produced from two weeks and eight weeks old paddy 
packed in polyethylene and super bags exposed to radiation treatments of 0.5 kGy and 1.0 
kGy were used as experimental samples.The physico-chemical properties like moisture 
content, water activity and color were not affected. However, other chemical properties 
such as amylose content and gel consistency were slightly affected. Amylose content (AC) 
is affected by age of paddy and irradiation. Higher AC was observed in brown rice pro-
duced from 8 weeks old paddy and in non-irradiated samples.

	 Although there was gradual increase in moisture content with time, no significant 
increase or change in water activity with storage period, regardless of treatments was ob-
served. However, water activity of brown rice from eight weeks old paddy was higher 
compared with those from two weeks old paddy. Gel consistency was affected by irradia-
tion. Higher gel consistency was observed upon irradiation resulting to softer gel texture. 
On the other hand, color in terms of lightness, redness and yellowness was not affected 
by irradiation, age of paddy and packaging materials. Therefore, gamma irradiation re-
tained/enhanced the eating qualities of stored brown rice and is an effective treatment in 
maintaining the eating quality of stored brown rice for several months. Maintaining the 
physico-chemical properties of brown rice will increase its utilization, thus, it will contrib-
ute to the staples sufficiency program of the Department of Agriculture since brown rice 
consumption has been identified as one of the identified strategy.

Keywords: Brown rice, Gamma irradiation, Amylose
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INTRODUCTION

	 Rice is considered as one of the 
main staple foods of the Filipinos. With the 
recent consumer preference to eat healthy 
and nutritious foods, demand for brown 
rice or unpolished whole grain rice is in-
creasing. Brown rice is produced by remov-
ing husk or hull using mortar and pestle or 
rubber roll sheller. Brown rice still retains 
its nutrient-rich bran and germ. It has a mild 
nutty flavour, chewable and more nutritious 
than white rice. Brown rice requires longer 
cooking time or more difficult to cook than 
well-milled white rice and has harder tex-
ture due to the presence of fiber in the bran 
thus making slower absorption of liquid 
into the kernel.

	 At most, brown rice has a shelf-life 
of only about three to four months which 
could only be extended if packed with 
special packaging or processing (Garcia, 
et al., 2013). In their study, Garcia, et al., 
2013 proved that combination of saturated 
steaming and fluidized bed drying extends 
the shelf-life of brown rice for up to six 
months. In many countries, freezing or re-
frigeration and the use of air-tight contain-
ers under nitrogen atmosphere condition 
have been applied with varying degrees of 
success. 

	 However, these methods have sev-
eral disadvantages with regards to their 
application such as reduction in the quali-
ty and prohibitive cost of treatments which 
add to the cost of processed brown rice. 
With problem on storage, producing brown 
rice at big volume without readily available 
market is too risky on the part of producers 
and sellers.

	 A suitable and cost-effective treat-
ment to preserve the quality and extend the 
shelf-life of brown rice is needed to assure 
its steady supply both in the local and inter-
national markets. Irradiation is an effective 
non-thermal process to preserve food prod-
ucts.  Roy (1997) reported that at irradia-

tion dose of 10kGy, the nutritional quality 
of the food is generally unaffected. Many 
studies have shown that bacterial pathogens 
in food products are inactivated by irradia-
tion (Follett, 2004; Ahmed, 2001). Thus, ir-
radiation treatment can improve the micro-
biological safety and shelf-life of a number 
of food items. It is cost-effective compared 
with other treatments as reported by USDA 
(2004) as shown in Table 1.

	 However, no local studies have 
been conducted on the effect of irradiation 
in maintaining the quality while extending 
the shelf-life of brown rice. Thus, it is the 
aim of this project to investigate the effi-
cacy of irradiation technology on preserv-
ing the physical and chemical, qualities of 
brown rice. The widespread consumption 
of brown rice could positively affect both 
the supply and demand of rice in the coun-
try.  High milling recovery of brown rice is 
mainly due to the non-removal of the bran 
part which reported to contain essential nu-
trients.

	 Thus, the eventual adoption of irra-
diation treatment to preserve the qualities 
of brown rice can be one enabling mecha-
nism to collectively achieve and sustain the 
rice sufficiency in the country.
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Treatments	                                                                   Cost (US$/ton)
Hot water	                                                                 197.50
Vapor heat treatment	                                                158-197.50
Cold treatment	                                                               36.34-474
Controlled atmosphere	                                                  39.50-474
Irradiation	                                                               19.75-39.50

Table 1. Cost of treatments to maintain the qualities of agricultural commodities.

METHODOLOGY

Preparation of experimental samples

	 Brown rice of RC 160 and SL 7 va-
rieties having low amylose content were 
used as experimental samples. Rice vari-
eties of low amylose content were selected 
as experimental materials because they are 
best for brown rice production due to their 
soft texture. 

	 Freshly hulled brown rice of RC 
160 variety were procured from PhilRice 
which were produced from 2 weeks and 8 
weeks old paddy to determine the effect of 
the age of paddy on brown rice quality. SL 
7 paddy was procured from a trader. The 2 
weeks and 8 weeks old SL 7 paddies were 
dehulled using PHilMech Compact Rice 
Huller. The produced brown rice samples 
were packed in polyethylene bags (PE) and 
superbag (SB, hermetic bag provided by 
Grain Pro Corp.) at 1kg/bag.

Irradiation Treatment and Experimental 
Design

	 Brown rice produced both from the 
2-week old and 8-week old paddy were 
subjected to gamma irradiation at doses of 
0.5 and 1.0 kGy at Cobalt Radiation Fa-
cility, PNRI, Diliman, Quezon City. These 
irradiation doses were based on the study 
conducted by de Guzman, et al. (1996) 
where they found that irradiation dose of 
1.0 kGy was sufficient for decontamination 
of brown rice from molds and yeasts with 
no significant effects on its physico-chemi-
cal and nutritional properties.

	 The 240 packs of brown rice were 
packed each in polyethylene and Super Bag 
at 1kg/pack or a total of 480 packs com-
prised the whole set-up. Each 10 packs were 
placed in ordinary plastic sacks prior to ir-
radiation treatment. Two sacks containing 
10 packs of brown rice each were placed 
inside the tote box, a metallic box having 
the dimensions of 50 x 70 x 90 cm. These 
tote boxes served as container of brown rice 
samples during irradiation treatment. 

	 Tote boxes that contain the brown 
rice samples were carried by conveyor belt 
to the irradiation treatment chamber. A to-
tal of 48 sacks were irradiated (24 sacks 
per age of paddy) for two doses (0.5 and 
1.0 kGy) using Co-60 as radiation source 
having an activity of 80.23 kCi. Chemical 
dosimeters were strategically placed inside 
the tote boxes to monitor the minimum and 
maximum absorbed radiation doses (fig-
ure 1). Non-irradiated brown rice served as 
control samples.

	 Immediately after irradiation treat-
ment, all samples were brought back to 
PHilMech, Nueva Ecija and stored under 
ambient condition (26 ± 1°C). The tem-
perature and relative humidity in the stor-
age room were monitored.

Sampling Design

	 Irradiated and non-irradiated brown 
rice samples were sampled on a monthly 
basis starting from the beginning of storage 
until eight months to determine the effect of 
irradiation on the physico properties. The 
experimental design is shown in Table 2.
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Top view plane - divided into I, II and III
Front view plane - divided into 1 to 9 (middle = 5)
Side view plane (sample height) - divided into a, c and e

III
II

I

III 1III 5
4.5cm
4.5cm

a
c
e
1

II5eII7e

59

90cm

50cm

70cm

Figure 1. Position of dosimeters in the tote box for dose 
                mapping and actual irradiation of brown rice.

Experiment           Treatment/Irradiation        Age of Experimental           Type of                Storage
No.                                     Dose (kGy)                      Stock (Weeks)                   Packaging             Period
                                                                                                                                                                    (Months)
1	                                  0.5	                                 2	                       Regular plastic	       8
2	                                  0.5	                                 2	                          Superbag	       8
3	                                  0.5	                                 8	                       Regular plastic	       8
4	                                  0.5	                                 8	                          Superbag	       8
5	                                   1	                                  2	                        Regular plastic	       8
6	                                   1	                                  2	                          Superbag	       8
7	                                   1	                                  8	                        Regular plastic	       8
8	                                   1	                                  8	                          Superbag	       8
9	               Control or Non-irradiated	        2	                        Regular plastic	       8
10	               Control or Non-irradiated	        2	                          Superbag	       8
11	               Control or Non-irradiated	        8	                        Regular plastic	       8
12	               Control or Non-irradiated	        8	                          Superbag	       8

Table 2. Experimental Design

Physico-chemical evaluation of brown 
rice samples

	 Samples of both irradiated and 
non-irradiated stored brown rice withdrawn 
on monthly interval starting from zero time 
until eight months of storage were subject-
ed to quality analyses using standard pro-
cedures. Water activity (Aw) was measured 
using water activity meter (Rotronic Hy-
groPalm 23-AW-A). 

	 Color was determined by col-
or scales L*, a* and b* using Color me-
ter (SPECTROMASTER 565/45, Er-
ichsen,Inc., Germany). Gel consistency 
was determined following the method of 
Cagampang, G. B., et al. (1973). Deter-
mination of amylose content followed the 
method described by Juliano, et al. (2012).

Statistical Analysis

	 All analyses were done in three rep-
lications. Data were analysed statistically 
by analysis of variance and comparison 
among means at 95% confidence level.

RESULTS AND DISCUSSION

Moisture content

	 The moisture content (MC) of ir-
radiated and non-irradiated stored brown 
rice (SL 7 & RC 160) packed in PE and SB 
packaging materials are shown in Figure 2. 
The moisture content of stored brown rice 
regardless of variety was between 8-11% 
which are within the tolerable limit of not 
more than 12% for safe storage of rice. 
Fluctuations in values were observed but to 
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a very minimal extent. The moisture levels 
in all treatments were not affected by irra-
diation treatments, age of paddy and pack-
aging materials. Increased in MC was more 
evident in SL7 rice variety but not signifi-
cant.

Water activity

	 The water activity (Aw) of irradi-
ated and non-irradiated brown rice (SL 7& 
RC 160) from two weeks and eight weeks 
old paddy packed in PE and SB stored at 
different storage times are shown in figure 
3. The water activity of brown rice from 
both two-week and eight-week old paddy 
did not change much until eight months in 
all treatments.

	 However , water activity detected in 
brown rice from 8 weeks old paddy were 
higher compared with those obtained from 
two weeks old paddy even at the start of 
storage but no changes was observed until 
the end of storage period. Irradiation treat-
ment did not affect the Aw in stored brown 
rice.

Figure 2. Moisture content (%) of irradiated and non-irradiated brown rice 
                (SL 7& RC 160) from Lot 1 (two weeks old paddy) & 2 (eight 
                week old paddy) packed in PE and SB stored at different times.

Figure 3. Water activity of irradiated and non-irradiated brown rice (SL 7& 
                RC 160) from two weeks old & eight weeks old paddy packed 
                in PE and SB stored at different times.
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Amylose content

	 The amylose content (AC) of irra-
diated and non-irradiated stored brown rice 
from two-week and eight-week old paddy 
packed in PE and SB are shown in Figure 
4. AC of brown rice of both varieties SL 7 
and RC 160 both from two-week and eight- 
week old paddy increased continuously 
until five months. Thus declined slowly on-
wards until eight months within the low AC 
category. 

	 Higher AC values were measured 
from eight-week old paddy compared to 
two-week old paddy indicating that the age 
of paddy from where the brown rice was 
produced affected the AC an indication of 
hardening of the starchy component with 
aging. Nevertheless, it was observed in the 
study, that the AC values of brown rice were 
still within the range of low AC category. 

	

	 The AC values measured in irradiat-
ed samples from eight-week old paddy were 
lower compared with non-irradiated. Ra-
diation dose of 1.0 kGy, provided slightly 
lower  AC than non-irradiated brown rice. 
Therefore, the AC content was affected by 
the age of paddy and radiation treatment. 
There are reports that gamma irradiation re-
duced the AC in the cultivars with low and 
intermediate AC due to degradation of am-
ylose fraction by gamma irradiation. 

	 These results are in agreement with 
those of Wani, et al (2014) as cited by Mir, 
et al (2015).  AC at the dose of 2.9 to 12 
kGy provided significant changed in AC 
values (Wu, et al., 2002 as cited by Arvani-
toyannis, 2010).

	 The present study used a maximum 
irradiation dose of 1 kGy only and this dose 
provided the same observation with the for-
mer study to some extent. 

Figure 4. Amylose content (%) on irradiated and non-irradiated brown 
               rice from two weeks old paddy & eight weeks old paddy 
               packed in PE and SB in progress of storage period
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Gel consistency

	 Gel consistency measures the ten-
dency of the cooked rice to harden upon 
cooling. Figure 5 shows the gel consistency 
of irradiated and non-irradiated brown rice 
(RC 160 & SL 7) from two-week and eight- 
week old paddies packed in PE and SB in 
progress of storage period. The gel consis-
tency (GC) of brown rice was affected by 
radiation treatment. 

	 This was evident with higher GC 
values in irradiated brown rice compared 
with non-irradiated of both varieties. GC 
values in non-irradiated brown rice samples 
fell within 40-60mm which is categorized 
as medium gel. 

	 On the other hand, GC in irradiat-
ed brown rice were within the range of 61-
100mm which are categorized under soft 
gel thereby characterized with softer tex-
ture. GC tend to increase at 1.0 kGy than 
at 0.5 kGy indicating the effect of higher 
dose of radiation. The texture of irradiated 
brown rice was affected by gamma irradia-
tion treatment. 

	 This was evident with higher GC 
values on irradiated brown rice compared 
with non-irradiated irradiated rice was re-
ported to be softer by Sirisoontaralak and 
Noomhorm, (2005). Chen, et al., 2014 also 
reported that irradiation decreased the hard-
ness of brown rice.

Color

	 The L values of irradiated and 
non-irradiated SL-7 brown rice variety 
from two weeks old paddy packed in PE 
and SB stored at different storage period 
are shown in Figure 6. L color reflects the 
lightness or whiteness of the sample’s col-
or. The L values increased gradually from 
zero up to three months but remained al-
most steady onwards up to eight months. 
No significant differences in whiteness 
color were observed between irradiated 
and non-irradiated brown rice. The age of 
paddy also did not give significant effect on 
the L values. These data indicate that the 
whiteness of brown rice remained almost 
the same throughout the storage period of 
eight months except for 0.5kGy treated SL7 
from eight-week old paddy packed in SB, 
stored for seven months.

	 Color a value measures the redness 
of the samples. Results showed higher a 
values, though insignificant, in brown rice 
from two-week old paddy compared with 
that from eight-week old paddy (figure 7). 
Irradiation at 0.5 kGy and 1 kGy did not 
affect the redness of samples.

	 Color b value measures the yellow-
ness of the sample. No significant changed 
on the b values were observed in all sam-
ples (ig.8).
 

Figure 5. Gel Consistency on irradiated and non-irradiated brown from two 
                weeks old paddy & 8 weeks old paddy packed in PE and SB in prog-
                ress of storage period.
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Figure 6. L values of irradiated and non-irradiated SL-7 brown rice variety from two 
               weeks old and eight weeks old paddy packed in PE and SB stored at diffe-
               rent storage period. 

Figure 7. a values of irradiated and non-irradiated SL-7 brown rice variety from 
               2 weeks old and eight weeks old  paddy packed in PE and SB stored at 
               different storage period.

Figure 8. Color b of irradiated and non-irradiated SL-7 brown rice variety from 
                two weeks old and eight weeks old paddy packed in PE and SB stored at 
               different storage period.
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CONCLUSION AND 
RECOMMENDATION

	 Gamma irradiation reduced the am-
ylose content and increased the gel consis-
tency values of stored brown rice to some 
extent, thus retained/improved the eating 
qualities of brown rice stored up to eight 
months. The treatment did not cause hard-
ening of starch molecules of brown rice 
making it more palatable. A field trial ex-
periment is recommended to generate more 
concrete information and to determine its 
technical and financial requirements on a 
semi-commercial scale operation.
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