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Abstract
Herbicides, tillage, and flooding are known to highly influence infestation of C. rotundus on rice-onion 

cropping but their effects on pure rice culture are yet to be explored. To pioneer studies on this area, four 
experiments were conducted to determine the responses of C. rotundus variants to herbicide, flooding, and 
clipping interventions. Experiments I and II subjected three variants (irrigated lowland rice, rainfed lowland 
rice, and rice-vegetable) to five herbicides (pendimethalin, pyribenzoxim + cyhalofop-butyl, bispyribac-sodium, 
2,4-D, and 2-methyl-4-chlorodiphenoxyacetic acid [MCPA]) and eight flooding durations (0 - 7, 0 - 14, 0 - 21, 7 - 
49, 14 - 49, and 21 - 49 days after planting [DAP] including saturated conditions [0 - 49] and continuous flooding 
[0 - 49]). Experiments III and IV exposed the whole and clipped tubers of C. rotundus variant A (irrigated 
lowland rice) to eight flooding durations, prolonged soil burial, and submergence in water for 90, 180, 270, and 
360 DAP. Growths of the three variants were completely suppressed by bispyribac-sodium, 2,4-D, and MCPA 
by continuous flooding. The least growth was observed in flooding the field  0 - 21 DAP. Clipping the tubers 
of C. rotundus variant A one to three times yielded growth similar to the  whole tuber. Tubers had 85 - 90% 
germination rate after 90, 180, 270, and 360 days of soil burial and submergence in water. These findings could 
be used as basis in the development of integrated weed management against C. rotundus on Philippine rice and 
rice-based cropping systems. 

Keywords: Cultural Control, Chemical Control, Ecotype, Purple Nutsedge, Weed Survival 

Introduction
Cyperus rotundus L. is one of the world’s worst 

weeds due to its reproductive behavior in the soil, 
flexibility on many environmental conditions, and 
infestations in numerous crop production areas 
around the world (Holm et al., 1977). Previous study 
showed that full competition of the weed under 
upland conditions reduced the grain yield by 43% on 
drilled rice and 51% on broadcasted rice (Okafor and 
De Datta, 1974). Another study also showed that it 
reduced the grain yield of upland rice by as much as 
53% at 0 kg N ha-1, 44% at 600 kg N ha-1, and 47% at 
120 kg N ha-1 when its population density was at 100 
- 1,000 individual plants m-2 (Okafor and De Datta, 
1976).

C. rotundus has many variants distributed around 
the world (Wills, 1998; Kabawata and Nishimoto, 
2003). In the Philippines, it also has variants that 
grow in irrigated rice and rice-based fields (Baltazar 
et al., 1997; Pablico, 1986). In fact, Casimero (2000) 
confirmed that it has a lowland ecotype that can grow 

taller, produce more off-shoots, possesses heavier 
biomass and larger tubers than  its upland ecotype. 
It was further confirmed that it can grow taller than 
the transplanted and direct-seeded rice plants under 
field conditions (Donayre et al., 2015). Fuentes et 
al. (2010) and Peña-Fronteras et al. (2009) explained 
that its survival under flooded conditions was due 
to its morphological and physiological adaptive 
mechanisms.  

Herbicide application is one of the available weed 
management options against C. rotundus. Herbicides 
are synthetic chemicals used to kill weeds. Farmers 
prefer this technique due to ease of application, 
immediate visibility of the results, and less labor 
requirement (Beltran et al., 2016; Donayre et al., 
2014). The technique was  proven effective against C. 
rotundus infesting rice-onion areas in the Philippines 
(Islam et al., 2009; Casimero, 2000). 

Mechanical control through tillage and water 
management by means of flooding are also options 
against  rice weeds. Tillage controls the weeds  by 
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burying and separating their  shoots and roots. It 
also enhances germination of dormant seeds and 
desiccates shoots and roots by exposing them under 
the heat of the sun (Zimdahl, 2007). Weeds are also 
stressed through flooding, which results in oxygen 
deprivation and rapid biomass loss.   

Knowledge on the influence of interventions 
to weed population dynamics helps predict the 
ecological changes in the field (Moody, 1996). It also 
helps refine the interventions to prevent weed shifts 
and weed management complexity. The effects of 
herbicide applications, tillage, and flooding against 
C. rotundus infesting rice-onion areas are already 
identified. However, this area is still new in rice 
production. Although previous reports showed that 
some herbicides were effective against the lowland 
ecotype C. rotundus, further validation is required 
to confirm their efficacies against weeds in rice 
fields. This study hypothesized that (a) C. rotundus 
variants had different growth responses to herbicide 
and flooding interventions and (b) C. rotundus of 
irrigated lowland rice can be controlled by prolonged 
flooding. 

Materials and Methods
Time and place of the study

Four studies were conducted at the experimental 
area of the Crop Protection Division of the Philippine 
Rice Research Institute Central Experiment Station 
(PhilRice CES) in Maligaya, Science City of Muñoz, 
Nueva Ecija (N 15° 40' 11.415", E 120° 53' 24.3802"). 
Experiments I, II, and III were conducted from 
December 2018 to May 2019 while Experiment IV 
was performed from September 2019 to August 2020. 

Collection of tubers

Tubers of C. rotundus variants were collected in 
irrigated lowland ricefield in  La Purisima, Aliaga (150 

30’ 59” N, 1200 49’ 44” E); rainfed lowland ricefield, 
Alalay Chika, Lupao (150 50’ 55” N, 1200 54’ 15” E); 
and rice-vegetable field, Abar 2nd, San Jose City (150 

47’ 04” N, 1200 57’ 48” E),  in Nueva Ecija. Mature 
plants at reproductive phase were carefully pulled 
out from the soil using a shovel. Matured tubers 
were separated from the mother plants, placed inside 
a plastic container, and were cleaned in the weed 
science laboratory of PhilRice CES. 

Pre-germination of tubers

Cleaned tubers of each variant were separately 
placed and sealed inside moistened, autoclavable 
plastics (30 cm [length] x 20 cm [width]); placed 
inside a temperature-controlled oven (Yamato DN83 
constant temperature) at 40°C for 4 h; planted at 3 
tubers per pot inside 24 cm diameter and 20 cm-

depth clay pots  previously filled with 5 kg sterilized 
moist soil (Maligaya soil series [PhilRice, 2008]); 
and allowed to grow and multiply into new plants 
under screenhouse conditions. After one month, all 
tubers attached to each mother plant were harvested, 
cleaned, and planted in plastic containers (33 cm 
[length] x 23 cm [width] x 10 cm [height]) filled 
with 2 kg of sterilized soil; and allowed to sprout 
for 4 days. Tubers showing 3 - 5 cm initial growths 
on roots and shoots were selected and grouped into 
different sizes (large, medium, and small). All sizes 
were included in each treatment. Four-day-old pre-
germinated tubers were kept in a cool place and then 
planted immediately in each experiment.

Experimental treatments, designs,  
and measurements

Experiment I. Regrowth in response  
to herbicides 

A cylindrical plastic pot (20 cm-diameter, 15 
cm-depth) filled with 3.5 kg of sterilized moist soil 
was used in this experiment. Every pot was planted 
equidistantly with five pre-germinated tubers each of 
C. rotundus variant (variant A from irrigated-lowland 
rice field; variant B, rainfed-lowland rice field; and 
variant C, rice-vegetable field) at 3 cm depth. Growing 
plants in each pot were then subjected to five different 
herbicides: (a) pendimethalin, applied 3 DAP at 4 L 
ha-1, (b) pyribenzoxim + cyhalofop butyl, 16 DAP at 
1 L ha-1, (c) bispyribac-sodium, 21 DAP at 250 ml ha-
1, (d) MCPA 30 DAP at 2 L ha-1, and (e) 2,4-D amine 
salt, 30 DAP at 1 Lha-1. A pot with growing tubers 
and water was included as control. Plants were grown 
under saturated conditions. The pots were arranged 
in 3:6 factorial design in randomized complete block 
design (RCBD) with three replications. Height, 
number of off-shoots and tubers, and dry weight of 
shoots and roots, as well as the tubers were gathered 
20 days after herbicide application. 

Experiment II. Regrowth in response  
to flooding durations

Using the same experimental unit as in Experiment 
I, each pot was planted with one pre-germinated tuber 
of each variant at 3 cm-depth. Pots were divided and 
subjected to seven flooding durations (0 - 7, 0 - 14, 
0 - 21, 7 - 49, 14 - 49, 21 - 49, and 0 - 49 [continuous 
flooding and saturated conditions] DAP). To ensure 
uniform conditions, pots with tubers were placed 
inside a rectangular steel pan (200 cm x 75 cm x 20 
cm) and flooded with clean tap water at 5 cm depth 
(5 cm deep from the soil surface in each pot and 15 
cm deep from bottom of steel pan). Pots with tubers 
under early flooding treatment (0 - 7, 0 - 14, and 0 
- 21 DAP) were immediately transferred in an area 
suited for the regrowth of tubers. Pots with tubers 
under late flooding treatment (7 - 49, 14 - 49, and 21 - 
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49 DAP) were also placed in the same area. All pots 
were arranged in 3:8 factorial design in RCBD with 
three replications. Height, number of off-shoots and 
tubers, and dry weight of shoots and roots as well as 
the tubers were gathered at 49 DAP.

Experiment III. Regrowth of clipped tubers 
in response to flooding durations 

This experiment was conducted simulating 
the effects of tillage. Pre-germinated tubers of C. 
rotundus variant A were cut and divided into four 
clipping treatments: unclipped (whole tuber), clipped 
once (cutting results in two fragments), clipped twice 
(cutting results in three fragments), and clipped 
thrice (cutting results in four fragments). All tubers 
were separately planted 3 cm deep in each pot with 
the same sizes and soil volume as in Experiment I 
(Figure 1). The pots with tubers were subjected to the 
same flooding treatments using the same materials, 
processes, and conditions used in Experiment II. Pots 
were arranged in 4:8 factorial design in RCBD with 
three replications. Height, number of off-shoots and 
tubers, and dry weight of shoots and roots as well as 
the tubers were also gathered at 49 DAP.

Figure 1. Unclipped and clipped tubers of Cyperus rotundus 
variant A: (a) whole tuber, (b) clipped once, (c) clipped twice, 
and (d) clipped thrice. 

Experiment IV. Regrowth in response  
to prolonged submergence

A cylindrical clay pot (17 cm-diameter, 15-cm 
depth) filled with 1.5 kg of sterilized soil was used. 
Each pot was equidistantly planted with 10 pre-
germinated tubers of C. rotundus variant A at 3 cm 
depth. All pots were divided and submerged for 90, 
180, 270, and 360 DAP. All pots were placed in a 
rectangular steel pan (200 cm x 75 cm x 20 cm) and 
submerged in water at 5 cm depth (5 cm deep from the 
soil surface in each pot and 15 cm deep from bottom 
of steel pan). After each duration, all pots were placed 

in an area suited for the regrowth of tubers (e.g., full 
exposure to sunlight and enough moisture in pots). 
The pots were arranged in completely randomized 
design (CRD) with four replications. Number of 
tubers that regrew were recorded for 30 days. 
Percentage of germinated tubers was calculated by 
dividing the number of tubers that regrew to the total 
number of pre-germinated tubers planted in each pot. 

Statistical analysis

Data were analyzed through ANOVA using STAR 
201. Once heterogeneity of data was detected, means 
were subsequently converted using square-root 
method [(x + 0.5)1/2] and ran again using ANOVA 
(Gomez and Gomez, 1984). All means were compared 
using either Fishers’ LSD or Tukey’s HSD at 5% level 
of significance.     

Results 
Regrowth in response to herbicides 

Height (P=0.000), number of off-shoots 
(P=0.000), number of tubers (P=0.002), and dry-
weight of off-shoots (P=0.001) of C. rotundus were 
significantly influenced by the interaction of variants 
and herbicides, as well as the main effect of variants. 
The weed’s growth parameters were also significantly 
influenced by the main effect of herbicides.

In the controlled treatment, C. rotundus variant 
A (from irrigated-lowland rice field) grew tallest; 
variant C (from rice-vegetable field) produced the 
highest mean number of off-shoots, number of tubers, 
and dry-weight of off-shoots (Table 1). Growth 
variables of variant C had no significant differences 
from those of variants A and B (from rainfed-lowland 
rice field). In the study of Fuentes et al. (2010) on 
morphological characteristics of two C. rotundus 
ecotypes, the lowland ecotype (collected from 
ricefield with continuously flooded soil) was taller 
by 30% and heavier by 50% than the upland ecotype 
(from a vegetable field with continuously aerated 
soil). Pena-Fronteras et al. (2009), Dimaano (2009), 
and Casimero (2000) also had the similar findings. 

Heights, numbers of off-shoots and tubers, as well 
as the dry-weights of off-shoots of the three variants 
were less affected by pyribenzoxim + cyhalofop-
butyl but not affected by pendimethalin. However, all 
the growth variables including dry-weights of roots 
and tubers were completely inhibited by bispyribac-
sodium, 2,4-D, and MCPA (Table 2). 
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 Table 1. Growth and development of Cyperus rotundus variants as influenced by different herbicides.

Variant Herbicides

Untreated Pend Pycy Bisp 2,4-D MCPA

Height (cm plant-1)

A 23.5a 26.0a 17.8a 0a 0a 0a

B 11.5c 13.7c 13.0a 0a 0a 0a

C 15.8b 18.0b 14.8ab 0a 0a 0a

Number of off-shoots pot-1

A 35.0a 30.7a 9.7b 0a 0a 0a

B 35.0a 34.7a 30.7a 0a 0a 0a

C 40.3a 24.0a 32.0a 0a 0a 0a

Number of tubers pot-1

A 40.3a 40.3a 31.0a 0a 0a 0a

B 40.3a 40.3a 31.0a 0a 0a 0a

C 47.0a 26.3b 16.7b 0a 0a 0a

Dry-weight of off-shoots (g pot-1)

A 6.3a 7.8a 6.7a 0a 0a 0a

B 6.3a 7.8a 6.7a 0a 0a 0a

C 8.6a 9.3a 6.8a 0a 0a 0a

Variant A = from irrigated lowland ricefield, Variant B = from rainfed-lowland ricefield, and Variant C = from rice-vegetable field
Pend = pendimethalin, Pycy = pyribenzoxim + cyhalofop-butyl, Bisp = bispyribac-sodium
Means in columns with the same letter are not significantly different at 5% level of significance using Tukey’s HSD

Table 2. Dry-weights of roots and tubers of Cyperus rotundus 
variants influenced by different herbicides.

Herbicides Dry-weight  
of Roots (g pot-1)

Dry-weight  
of Tubers (g pot-1)

Untreated 7.5a 5.1a

1 7.6a 4.6a

2 2.3b 4.2a

3 1.8b 0b

4 2.2b 0b

5 2.7b 0b

Means in columns with the same letter are not significantly different at 5% level 
of significance using Tukey’s HSD

Regrowth in response to flooding durations

Heights (P=0.000), number of off-shoots 
(P=0.000), number of tubers (P=0.000), dry-weight 
of off-shoots (P=0.024), and dry-weight of roots 
(P=0.001) of CYPRO were significantly influenced 
by the main effect of flooding durations. Each 
growth variable, however, was not influenced by the 
interaction of variants and flooding durations nor by 
the main effect of variants. 

The three C. rotundus variants grew tallest under 
full saturated conditions. But their heights were not 
significantly different when flooded within 0 to 7, 0 
- 14, 7 - 49, 14 - 49, and 21 - 49 DAP (Figure 2A). 
On the other hand, their heights were shortest when 

flooded within 0 to 21 DAP completely suppressed 
under continuous flooding (0 - 49 DAP). 

All variants had higher mean numbers of off-
shoots when flooded within 21 to 49 DAP (Figure 
2B). The numbers, however, were not significantly 
different when flooded from  0 to 7, 0 - 14, 7 - 49, 
14 - 49, 21 - 49 DAP under full saturated conditions. 
Same as height, their number of off-shoots were very 
least when flooded within 0 to 21 DAP and were 
completely inhibited under continuous flooding. 

Every variant produced the highest mean number 
of tubers under saturated conditions but none at all in 
continuous flooding (Table 3). Flooding for 7 and 14 
DAP resulted in production of comparable numbers 
of tubers under saturated conditions. In addition, 
mean number of tubers did not significantly differ in 
0 - 7, 0 - 14, 0 - 21, and 21 - 49 DAP; 0 - 14, 0 - 21, 7 
- 49, 14 - 49, and 21 - 49 DAP. The variants, however, 
produced the least numbers of tubers when flooded 
within 0 - 21 DAP. 

Dry-weights of shoots and roots were not 
significantly different in all flooding durations. 
Despite that, dry-weights of off-shoots and roots were 
highest when flooded within 14 - 49 and 21 - 49 DAP; 
the least in 0 - 21 DAP. No shoots and roots were 
observed under continuous flooding. 
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Table 3. Number of tubers and dry-weights of Cyperus 
rotundus variants at different flooding durations.

Flooding  
Duration 
(DAP)

Number  
of Tubers 

pot-1

Dry-weight  
of Off-shoots 

(g pot-1)

Dry-weight  
of Roots
(g pot-1)

0 - 49 (Flooded) 0d 0b 0b

0 - 7 15.6ab 1.0ab 2.3ab

0 - 14 11.1abc 1.4ab 3.1ab

0 - 21 6.6bcd 0.6ab 1.2b

7 - 49 3.6cd 2.0ab 4.9ab

14 - 49 2.7cd 4.1a 7.8ab

21 - 49 4.7bcd 4.0ab 10.7a

0 - 49 (Saturated) 20.9a 2.2ab 4.1ab

Means in columns with the same letter(s) are not significantly different at 5% 
level of significance 

Regrowth of clipped tubers in response  
to flooding durations 

All growth variables of C. rotundus variant A 
(from irrigated-lowland ricefield) were influenced by 
the main effect of flooding duration (P=0.000) but not 
by the interaction of clipping and flooding duration 
nor by the main effect of clipping. 

Unclipped tuber (whole) of variant A had the 
highest mean height, numbers of off-shoots and 
tubers, and dry-weight of roots compared with tubers 
that were clipped once, twice, or thrice (Table 4). 
However, no significant differences were observed 
on growth variables of weeds grown from either 
unclipped or clipped tubers. 

Heights of variant A grown from unclipped 
and clipped tubers were tallest when planted under 
saturated conditions; no growth in continuous flooded 
conditions (Figure 3). All tubers had rapid regrowth 
when flooded within 7 - 49, 14 - 49, and 21 - 49 DAP. 
Regrowth was delayed by 14 days when flooded from 
0 to 7 DAP and by 21 and 28 days when flooded within 
0 - 14 and 0 - 21 DAP, respectively. Mean heights and 
number of tubers off-shoots in flooding durations 
of 0 - 7, 0 - 14, and 0 - 21 DAP were comparable in 
continuous flooding. Mean height and number of off-
shoots were very least when flooded for 21 DAP.

Variant A mean numbers of tubers flooded within 
0 - 7 DAP was comparable in saturated conditions. 
Meanwhile, mean numbers of tubers flooded within 
0 - 14, 0 - 21, 7 - 49, 14 - 49, and 21 - 49 DAP were 
comparable in continuous flooding (Table 5). 

Figure 2. Height and number of shoots of Cyperus rotundus at different flooding durations. Means with the same letter(s) are 
not significantly different at 5% level of significance.

Table 4. Growth variables of Cyperus rotundus variant A as influenced by different 
clipping treatments.

Clipping
Height 

(cm)
Number of 
Off-shoots 

plant-1

Number 
of Tubers 

pot-1

Dry-weight of 
Off-shoots

 (g pot-1)

Dry-weight of 
Roots (g pot-1)

Whole 18.5a 7.8a 6.3a 3.8a 2.9a

1x 15.8a 7.2a 5.7a 4.2a 2.7a

2x 14.3a 5.6a 3.7a 2.6a 1.3a

3x 10.4a 3.8a 3.4a 1.9a 1.9a

Means in columns with the same letter are not significantly different at 5% level of significance. 
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Dry-weights of off-shoots of C. rotundus variant 
A in saturated conditions did not significantly differ 
in flooding durations of 7 - 49, 14 - 49, and 21 - 49 
DAP. On the other hand, dry-weights of shoots 
in continuous flooded conditions did not differ in 
flooding durations of 0 - 7, 0 - 14, 0 - 21, 7 - 49, and 14 
- 49 DAP. Dry-weights of roots in saturated conditions 
did not significantly differ when flooded within 0 to 
7, 7 - 49, 14 - 49, and 21 - 49 DAP. All tubers had 
the least mean number of tubers, dry-weight of off-
shoots, and dry-weight of roots when flooded in 0 - 21 
DAP.

Table 5. Number of tubers and dry weights of irrigated 
lowland rice weed variant as influenced by different flooding 
durations.

Flooding 
Durations
(DAP)

Number of 
Tubers pot-1

Dry-weight of 
Off-shoots  

(g pot-1)

Dry-weight  
of Roots 
(g pot-1)

0 - 49 FFC 0c 0c 0b

0 - 7 7.5ab 4.0abc 2.3ab

0 - 14 3.1bc 1.3bc 0.8b

0 - 21 0.8c 0.3bc 0.3b

7 - 49 3.9bc 3.5abc 2.9ab

14 - 49 4.6bc 4.2abc 2.6ab

21 - 49 5.5bc 5.7ab 3.6ab

0 - 49 FSC 12.8a 6.2a 5.0a

FFC – full flooded conditions, FSC – full saturated conditions; means in columns 
with the same letter(s) are not significantly different at 5% level of significance
 

Regrowth in response to prolonged burial and 
submergence

Whole tubers of C. rotundus variant A had 
85 to 90% germinations after prolonged burial in 
the soil and submergence in water (Figure 4). No 
significant differences arose on germination of all 
tubers at 90, 180, 270, and 360 DAP (P=0.8709). 
Tubers germinated as early as 5 days, the latest at 27 
DAP. Higher germination of all tubers was obtained 
between 9 and 11 days after draining the plots and 
planting under saturated conditions.

Discussion
Plants used escape and quiescence strategies to 

deal with stress due to flooding (van Veen et al., 2014; 
Striker, 2012; Bailey-Serres and Voesenek, 2008; 
Mommer and Visser, 2005). In the escape strategy, 
roots elongate rapidly to reach the water surface 
to restore contact of leaves for photosynthesis and 
re-aeration of underwater organs via aerenchyma 
tissues. Meanwhile, plants that use the quiescence 
strategy reduce their energy by stopping some growth 
processes to conserve carbohydrates that can be used 
for regrowth when flooding recedes. 

This study found that C. rotundus variant A (from 
irrigated-lowland rice field) used the quiescence 
strategy to survive under flooded conditions. This 
theory is supported by the work of Fuentes et al. (2010) 
who studied the physiological responses of lowland 
ecotype C. rotundus (also from irrigated-lowland rice 
field) to flooding. In their experiments, they found 
that this weed is able to adapt under these conditions 
due to its bigger tubers that have high carbohydrate 
and soluble sugar content; larger stems, and more air 
spaces (aerenchyma) that enable oxygen diffusion to 
its submerged parts. They also found that the weed can 

Figure 3. Height and number of off-shoots of Cyperus rotundus variant A as influenced by different flooding durations (means 
with the same letters are not significantly different at 5% level of significance).

Figure 4. Percentage germination of Cyperus rotundus 
variant A after prolonged submergence (error bars are + SE 
of the means)
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mobilize and utilize carbohydrate reserves for energy 
production through anaerobic respiration, optimize 
use of carbohydrate reserves through regulation 
of key enzymes (e.g., alcohol dehydrogenase), and 
down-regulate lactate dehydrogenase (possibly to 
prevent lactate accumulation and cellular acidosis).

The inhibitory effects of bispyribac-sodium, 2,4-
D, and MCPA suggest that these can be used to manage 
C. rotundus that grows in irrigated lowland ricefields, 
rainfed lowland ricefields, or rice-vegetable fields. The 
use of these herbicides depends on its availability and 
cost in the market. In search of effective herbicides, 
Dimaano (2009) also reported that MCPA completely 
killed the lowland ecotype C. rotundus especially 
when the herbicide was applied either at 21 or 42 days 
after weed establishment. Likewise, 2,4-D completely 
killed the weed but was more effective when applied 
at 21 DAP. The two herbicides, however, failed to 
control the upland ecotype of the weed particularly 
in suppressing the sprouting of off-shoots. Baltazar 
et al. (1997) also reported that MCPA significantly 
suppressed the growth of the two C. rotundus variants 
from lowland rice fields in Nueva Ecija and dryland 
fields in Laguna. However, it did not completely kill 
the whole plant nor the tubers but 2,4-D completely 
killed the two variants. 

Mechanical control through tillage helps control 
weeds by burying them, separating their shoots from 
roots, stimulating germination of dormant seeds and 
buds, desiccating shoots, and exhausting carbohydrate 
reserves particularly for perennial species (Zimdahl, 
2007). In this study, it was observed that fragmented 
tubers of C. rotundus can regrow and multiply into 
new plants similar to a whole tuber. These findings 
present two possible implications in relation to the 
use of mechanical control. First, implementing 
tillage operations in moist or waterlogged conditions 
without considering weed control will only intensify 
the multiplication and infestation of C. rotundus. 
When this happens, effective weed control and 
higher rice yield will be difficult to achieve. Second, 
implementing tillage using stale-seedbed technique 
will effectively control the weed. The technique is 
part of tillage operations used for eradicating weeds 
that are difficult to control. It allows numerous 
seeds, buds, tubers, and other parts to sprout after 
the first harrowing then later eradicated by repeated 
harrowings or by applying non-selective herbicides. 
This technique was proven effective against C. 
rotundus infesting rice-vegetable cropping systems 
in some cultivated areas in the Philippines (Islam et 
al., 2009).    

Water management by flooding is one of the 
most effective control techniques against many 
weeds of rice such as Borreria ocymoides (Burm.f.) 
DC., Echinochloa colona (L.) Link., E. crus-galli 

(L.) P. Beauv., E. glabrescens Munro ex Hook. f., 
Heliotropium indicum L., Ischaemum rugosum 
Salisb., Leptochloa chinensis L., weedy rice (Oryza 
sativa L.), Cyperus difformis L., C. iria L., Fimbristylis 
miliacea (L.) Vahl., Ludwigia hyssopifolia (G. Don) 
Exell, L. octovalvis (Jacq.) Raven, and Murdannia 
nodiflora (L.) Brenan (Ahmed et al., 2015; Estioko 
et al., 2014; Chauhan and Jonhson, 2010; Begum et 
al., 2006; Moon et al., 1999; Rao and Moody, 1995). 
Flooding stresses weeds through oxygen deprivation 
and rapid loss of biomass but only when applied 
at the right time, duration, and depth. This study 
showed that flooding C. rotundus from 0 to 21 DAP 
was almost as effective as subjecting the weed under 
continuous flooding (0 - 49 DAP). As such, this 
practice is recommended to farmers with full access 
to irrigation. Other control options must be used to 
effectively manage the weed in rainfed rice areas 
where water supply is insufficient.

As no single weed control technique is effective 
against any weed species, it is best to integrate all 
appropriate weed control options.  The current study 
was conducted under screenhouse conditions and 
may not represent each and every field situation, 
wherein many factors could affect efficacy of 
different techniques and growth of C. rotundus. The 
findings could be used as basis in the development of 
integrated management against this weed in rice and 
rice-based cropping systems in the Philippines.

Conclusion
Growth of C. rotundus in irrigated lowland 

rice, rainfed lowland rice, and rice-vegetable was 
suppressed by bispyribac-sodium, 2,4-D, and MCPA; 
and by flooding continuously from 0 to 49 DAP or in 
0 to 21 DAP. On the other hand, fragmented tubers 
of C. rotundus variant A were capable of re-growing 
and multiplying into new plants similar to the whole 
tuber. Variant A tubers can germinate by 85 - 90% 
even when buried in the soil and submerged in water 
from 90 to 360 days.
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Abstract
An experiment was conducted to determine the influence of F. miliacea (FIMMI) on the growth and yield of 

transplanted onions (TPO) and direct-seeded onions (DSO) grown in plastic box with FMMI at 0, 10, 15, 20, and 
25 plants/box until maturity. From 5 densities, shoot biomass of FIMMI increased by 1.3 - 2.7 folds in TPO; 1.6 - 
13 folds in DSO as density increased by 15 - 25. Bulb weights of TPO were reduced by 11, 17.4, 22.1, and 38.7%; 
DSO by 86.4, 89.6, 88.8, and 88.1% at 10, 15, 20, and 25 FIMMI densities, respectively. Bulb weights of DSO 
suffered the greatest reductions due to weed competition. Density and shoot biomass of FIMMI were strongly 
negatively correlated to bulb weights of TPO (r = -0.987, -0.995) and DSO (r = -0.986, -0.999). Regression 
analysis showed that 97.49 and 99.95% of TPO bulb weights and 97.25 and 99.95% of DSO were attributed to the 
density and shoot biomass of FIMMI. This study showed that FIMMI is an important weed of bulb onion and 
could reduce yield if left uncontrolled throughout the crop’s growing season.

Keywords: Cyperaceae, Globe-fringe Rush, Quadratic Equation, Additive Design  

Introduction
Onion (Allium cepa L.) is one of the major 

vegetable crops in the Philippines planted after rice 
(PhilRice, 2007). In 2019, bulb onion was planted in 
19,900 hectares with production volume of 222,100 
metric tons valued at PhP 5.6 billion (PSA, 2020). 
These figures are expected to further rise to meet the 
demands for culinary purposes.  

Growth and development of onions can be 
negatively affected by weeds. In a field study in 
Nueva Ecija, weeds left uncontrolled reduced the 
yield of red and white onions by as much as 78 and 
97%, respectively (Baltazar et al., 1998a). In another 
study, yield of red onion was also reduced by 79% 
when major weeds such as Cyperus rotundus L., 
Echinochloa colona (L.) Link., and Trianthema 
portulacastrum L. were left uncontrolled (Baltazar 
et al., 1998b). It is important, therefore, that these 
weeds must be controlled to safeguard the quantity 
and quality of yield as well as ensure decent income 
from onions.  

Fimbristylis miliacea (L.) Vahl, commonly known 
as globe fringe-rush, is a C4 and perennial plant that 
has an erect and flattened stem; linear, flat, and soft 
leaves that are overlapping in two rows; numerous, 
globose to ovoid in shape; and brown to brown-
orange spikelets (Moody et al., 2014). It has similar 
distinguishing characteristics as F. littoralis Gaudich. 
var. littoralis except that it has 4 - 5 involucral bracts 

that are much shorter than its inflorescence (Pancho 
and Obien, 1995). 

FIMMI is a weed of irrigated and rainfed rice 
in the Philippines (Donayre et al., 2014; Pancho 
and Obien, 1995). It mainly propagates by seeds at 
a reproduction rate of 42,275 seeds/plant (Begum et 
al., 2008a). Many of its seeds germinate by as much 
as 50% when dropped at soil surface under saturated 
conditions or flooding is delayed up to 28 days after 
seeding (DAS), according to Chauhan and Johnson 
(2009) and Begum et al. (2006). When not controlled, 
FIMMI could reduce the yield of rice by as much as 
49% (Begum et al., 2008b).

FIMMI had been reported infesting onion fields 
along with other weed species (Baltazar et al., 1999). 
Its negative impact on growth and yield of bulb onion 
has not been quantified. This paper hypothesized 
that (a) FIMMI, when allowed to grow at certain 
density level until maturity, will reduce growth 
and yield of transplanted and direct-seeded onions 
under greenhouse conditions, and (b) there will be 
difference on yield reductions between transplanted 
and direct-seeded rice. 

Materials and Methods
Location and materials

The study was conducted under greenhouse 
conditions at Barangay Matingkis, Science City of 
Muñoz, Nueva Ecija from November 2018 to April 

FULL PAPER
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2019. Red Pinoy onion variety was planted as it has 
wide usage by growers in Nueva Ecija. Planting 
materials were prepared following the standard 
procedure of PhilRice (2003). The soil (Maligaya soil 
series) used as medium for planting was collected 
from the same field area and location. To avoid 
growth of other plants, collected soil samples were 
pulverized, placed inside a polypropylene plastic 
bag, and sterilized by mixing with water and heating 
for 8 hours in a huge cylindrical metal drum. After 
sterilization, soil sample in each bag was allowed to 
cool and then transferred into black plastic boxes. 
FIMMI plants, on the other hand, were prepared by 
collecting mature seeds in the same location. Seeds 
were pre-germinated on top of moist soil inside a 
plastic box and allowed to germinate and grow for 25 
days under moist condition and full sunlight. 

Experimental design

Black, plastic box (area = 173 cm2, depth = 23 
cm) filled with 10 kg of sterilized, moist soil was the 
experimental unit of this study. Each box was planted 
with either 30-40-day-old seedlings of TPO or 30 
seeds of DSO. Twenty-five-day old FIMMI plants were 
simultaneously planted in each experimental unit at 0, 
10, 15, 20, and 25 plants/box. Each experimental unit 
with transplanted bulb onion and FIMMI or direct-
seeded bulb onion and FIMMI at different densities 
were arranged separately in randomized complete 
block design with four replications. All plants inside 
each experimental unit were grown until the crop’s 
maturity. All plants were nourished with synthetic 
fertilizers based on the recommended rates for onion. 
Water was also supplied in each box, and maintained 
at saturation level whenever necessary. An additive 
design of crop-weed competition, where density of 
onion was held constant and that of FIMMI was kept 
increased, was utilized to determine the outcome of 
FIMMI - onion competition (Swanton et al., 2015). 

Data collected

Height of transplanted and direct-seeded onion at 
77 days after planting (DAT) or DAS were determined 

by measuring it from the base to tallest leaf of each 
plant. Using a ruler, the average length of the leaves 
was also determined by measuring the length of the 
three leaves close to the base of each plant. Number of 
leaves per plant was manually counted. Root and bulb 
lengths and bulb width were also measured using a 
ruler. Leaf and bulb weight and  shoot-weights of 
FIMMI were also recorded after harvest. Percentage 
reductions on growth variables and bulb weight (Y) 
of onion were calculated using the equation Y (%) = 
[(Y0 – Y1)/Y0] *100, where, Y0 as the mean value at 0 
weed density and Y1 as the mean values at 10, 15, 20, 
and 25 weed densities, respectively.  

Statistical analysis

All the data were subjected to ANOVA using 
STAR 201 while treatment means were compared 
using Fischer’s least significant difference (LSD) at 
5% level of significance. A Pearson-product moment 
correlation coefficient (r) was also computed to 
determine the strength and direction of relationship 
between FIMMI variables (density and shoot weight) 
and bulb weight of onion. Data on density and shoot 
weight of FIMMI and bulb weight of onion were fitted 
to the polynomial quadratic equation (Y = α + ax + 
bx2) to determine if the density and shoot weight of 
the weed are significant contributors and predictors 
to bulb weight. 

Results and Discussion
Shoot biomass of FIMMI in TPO was 9.9, 12.6, 

15.6, and 26.2 g/box while that in DSO was 86.9, 95.0, 
114.4, and 128.6 g/box at 10, 15, 20, and 25 densities, 
respectively (Figure 1). From 10 density each box, its 
shoot biomass increased by 1.3, 1.6, and 2.7 folds in 
TPO while 1.6, 11.6, and 13 folds in DSO as density 
increased by 15, 20, and 25. 

Values of all growth variables of TPO at 0 FIMMI 
density were not significantly different at 10, 15, 20, 
and 25 FIMMI densities (Table 1). Nevertheless, the 
values on leaf weight, root length, bulb length, and 
bulb width were still highest at 0 FIMMI density 

Figure 1. Shoot biomass of FIMMI at each density.
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compared with  the 10 - 25 weed densities. In DSO, 
values of all growth variables were highest at 0 
FIMMI density except for the bulb length. These 
values were significantly different from the values of 
growth variables at 10 - 25 FIMMI densities. Values 
on height; number of leaves, leaf length, and leaf 
weight; root length, and bulb width at 10 FIMMI 
density were not significantly different at 15, 20, and 
25 FIMMI densities. 

Bulb weight of TPO was highest at 0 FIMMI 
density (337.8 g/box) (Figure 2). When the weed 
was present at 10, 15, 20, and 25 densities, bulb 
weights were 300.6, 279.2, 263.2, and 207.2 g/box 
with equivalent reductions of 11, 17.4, 22.1, and 
38.7%, in the same order.  Bulb weight of TPO at 0 
FIMMI density was not significantly different at 10 
the FIMMI density. Likewise, bulb weights at 10 

FIMMI density were not significantly different from 
15 and 20 densities. Bulb weight at 25 density had the 
lowest value among treatments. Bulb weight of DSO 
was also highest in the absence of the weed (60.1 g/
box). When the weed was allowed to grow at 10, 15, 
20, and 25 densities, bulb weights of DSO became 
8.2, 6.3, 6.8, and 7.1 g/box with equivalent reductions 
of 86.4, 89.6, 88.8, and 88.1%, in the same order. 
No significant differences were seen among these 
values at 5% level of significance. Bulb weights of 
DSO suffered the greatest reductions due to FIMMI 
competition compared with TPO. 

Density and shoot biomass of FIMMI were 
strongly, negatively correlated to the bulb weights 
of transplanted onion (r = -0.987, -0.995) and 
direct-seeded onion (r = -0.986, -0.999). Regression 
analysis through the polynomial quadratic model 

Table 1. Growth variables of transplanted and direct-seeded bulb onions as influenced by different densities 
of Fimbristylis miliacea.

FIMMI 
Density

Height
(cm plant-1)

Leaves
Root Length 
(cm plant-1)

Bulb

Number 
plant-1

Length  
(cm)

Weight 
(g box-1)

Length  
(cm) 

Width
(cm)

Transplanted

0 56.7a 6.6a 51.8a 38.5a 4.4a 6.9a 2.3a

10 56.6a 6.3a 51.8a 34.2a 3.0a 6.7a 2.2a

15 55.3a 6.7a 51.2a 37.9a 3.7a 6.6a 2.1a

20 57.4a 6.7a 53.3a 35.4a 3.8a 6.5a 2.1a

25 54.6a 6.0a 50.3a 31.7a 3.3a 6.5a 2.1a

P 0.556ns 0.13ns 0.777ns 0.606ns 0.423ns 0.822ns 0.874ns

Direct-seeded

0 36.8a 4.2a 35.8a 8.8a 2.6a 3.8a 1.4a

10 18.9b 2.2b 21.5b 1.8b 1.3b 3.8a 0.3b

15 17.4b 1.9b 25.6b 1.7b 1.3b 4.0a 0.3b

20 17.8b 1.9b 19.2b 1.6b 1.1b 4.0a 0.4b

25 18.7b 1.9b 22.6b 1.0b 0.9b 4.2a 0.4b

P 0.025* 0.001** 0.008* 0.000** 0.011* 0.853ns 0.003**
Means with the same letter within each column and planting method are not significantly different at 5% through LSD; *P<.05,  
**P<.005, ns- not significant 

Figure 2. Bulb weights (bar graphs) and bulb weight reductions (line graphs) of transplanted and direct-seeded bulb onions 
as influenced by different densities of Fimbristylis miliacea (means on bars with the same letters are not significantly different 
at 5% through LSD).
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(second order) also showed that 97.49 and 99.95% of 
bulb weight of TPO; 97.25 and 99.95% bulb weight 
of DSO were explained by the density and shoot 
biomass of FIMMI (Figure 3). The analysis also 
showed that density and shoot biomass of the weed 
were significant predictors and contributors to the 
bulb weights of TPO (P = 0.025, 0.005) and DSO  
(P = 0.027, 0.000).  

FIMMI reduced the bulb weights of transplanted 
and direct-seeded onions suggesting that failure to 
control the weed in the field will definitely result in 
reduction of crop yield. Begum et al. (2008b) also 
reported that FIMMI at 1000 plants/m2 reduced the 
number of panicles per plant by 39%, number of tillers 
per plant (38%), shoot biomass (42%), and grain yield 
of direct-seeded rice (49%) when the weed is allowed 
to grow and compete until maturity. When herbicide 
(Fentrazamide + propanil) was applied, no reductions 
occurred on the same growth variables; only 2% on 
grain yield. 

The lighter weight of FIMMI in transplanted onion 
could be attributed to its size and height disadvantage 
over the crop during the competition periods. In rice 
cropping system, weeds in transplanted rice have 
lesser growths and negative effects on yield due to 
the crop’s head start from the day of planting until 
maturity (Ampong-Nyarko and De Datta, 1991). 
In reverse, weeds in direct-seeded rice have better 

growths and greater negative impacts on yield due to 
earlier competition at younger growth stages of the 
crop (Casimero, 2004).   

FIMMI had more serious effects on yield of direct-
seeded onion than that of transplanted onion. In rice, 
most weeds also had more serious effects on direct-
seeded seedlings than on transplanted seedlings. For 
example, Commelina diffusa Burm f. at 1 - 7 plant/
pot, reduced the grain yield of direct-seeded rice 9.8 
- 34% while only 5.4 - 22.4% on transplanted rice 
(Cabiao et al., 2020). Ampong-Nyarko and De Datta 
(1991) explained that transplanted seedlings hardly 
lose yield due to their head start over the weeds. 
Meanwhile, direct-seeded rice is highly prone to yield 
losses because its germinating seeds grow together 
with weeds (Casimero, 2004). The absence of early 
flooding to suppress weeds during the initial growth 
phase, absence of seedling size to compete with 
weeds, and the uneven stand that provides space for 
weeds to grow further aggravate the vulnerability 
of direct-seeded seedlings to weed competition and 
yield losses (Kumar et al., 2017; Chauhan, 2012). 

Knowledge on weed biology and ecology 
helps decide what, how, and when to implement 
control measures effectively. In this study, FIMMI 
significantly reduced the growth and yield of onion 
implying that control must be executed whenever the 
weed grows and competes in the field. In managing 

Figure 3. Predicted bulb weights of transplanted and direct-seeded bulb onions as a function of density and shoot biomass  
of Fimbristylis miliacea.
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FIMMI and other weeds of onion, PhilRice (2007) 
recommends to implement the following control 
measures: thorough land preparation, rice straw 
mulching, rice hull burning, hand weeding, and 
herbicide application. Use of stale-seedbed technique 
was further recommended particularly for perennial 
weeds like the Cyperus rotundus L.

Conclusion 
This study showed that F. miliacea had influence 

on the growth and yield of transplanted and direct-
seeded bulb onions if left uncontrolled from the time 
of planting until maturity. The weed reduced the bulb 
weights of transplanted bulb onion by 11 - 38.7%; 
direct-seeded bulb onion by 86.4 - 88.1% at 10, 15, 20, 
and 25 density box-1. Bulb weights of DSO suffered 
the greatest reductions due to weed competition. 
There are several options on how to manage the 
weed. However, careful selection, planning, and 
implementation must be done to achieve effective, 
economical, and environmentally sound weed 
management. To know more about its ecology, the 
predictive models under field conditions and the 
different weed management techniques through a 
holistic approach must be evaluated. 
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Introduction
Earthworms generally have positive effects on 

many ecosystems. It plays important roles in soil 
physical, chemical, and biological properties. They 
eat soil organic matter and increase availability 
of plant nutrients in their casts (Somniyam and 
Suwanwaree, 2009). Worm casts are generally richer 
in exchangeable calcium, potassium, and phosphorus 
than the surrounding soil, while earthworms and their 
excretions are valuable nitrogen sources (Ramsay 
and Hill, 1978). In 2010, Choosai et al., reported 
that significant increase in rice yield resulted from 
earthworm (Drawida beddardi) activity. 

Earthworms have three broad ecological groups 
(Epigeic, Endogeic, Anecic) based on what they 
eat and where they tend to live in the soil.  The 
groups can be distinguished by their sizes and colors. 
Epigeic species are reddish-brown and small, usually 
less than 7.5-cm-long when mature or adult. Adult 
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Abstract
Earthworm infestations were reported in the rice farms in Mountain Province, Kalinga, Nueva Ecija, 

and Pangasinan in 2015. Characteristics, identity, and behavior of these invading earthworms were unknown 
thus, survey and collection were conducted at affected areas during 2015 wet season. Adult live and preserved 
specimens were brought to the University of the Philippines Los Baños for identification. Laboratory experiment 
was conducted to assess if flooding causes earthworm mortality. Test tubes (80 ml) were filled with 40 g soil and 
watered at different levels: saturated 0 - 0.5, 2.5, 5, and 10 cm (T1, T2, T3, and T4), consisting three earthworms 
per tube with eight replications. Screenhouse experiment was also conducted to observe the effects of earthworms 
on the destruction of levees. Eight-inch pails with 100 earthworms per container were used. Pails were 10-cm 
high with three replications and watered at 0 - 0.5, 3, and 10 cm (T1, T2, and T3).

 The earthworm collected from sampling sites was identified as Pontoscolex corethrurus (Müller, 1857). 
It has pink to almost transparent skin, zygolobic prostomium, saddle-type clitellum with 9 - 11 segments, and 
4 closely paired setae (hooked) per segment. It prefers to be at the upper 15 cm of the saturated paddy soil. P. 
corethrurus were most problematic on the seedbed as they cover the emerging seeds with thick mud castings 
causing seedlings to develop longer roots and stems, which are succulent and hard to pull; thus, resulting in  
increased seedling mortality. The highest number of earthworms sampled was recorded in Bontoc, Mountain 
Province (10,647 m2) at seedling stage. During fallow period when the paddy was dry, earthworm populations 
sampled in moist irrigation canals in Sagada, Mountain Province and Pangasinan were 4,870 and 3,398 m2,  
respectively. Flooding caused earthworm mortality. Moreover, levees with 10 cm water level were eroded from 
10 to 1.33 cm high after 14 days of flooding. Earthworms flock in paddy levees to have access to oxygen and 
survive the flooded condition. 

Keywords: Endogeic, Glossoscolecidae, Irrigated Rice

earthworms have collars or clitellum that juveniles 
lack. They live in the surface litter above the mineral 
soil or the top inch (2.5 cm) and make no permanent 
burrows. They feed on surface litter, fungi, and 
microorganisms that they digest. Endogeic species are 
easily separated from the epigeic and anecic by their 
color. Their  skin pigmentation is not the usual red 
brown, but light grey and sometimes with an albino-
pink head. Adult size range from 7.5 to 12.5 cm long. 
They make extensive branching burrow systems in 
the top 50 cm (20 in) of the soil and feed by ingesting 
large amounts of soil and digesting its organic matter, 
fungi, and microorganisms. Anecic species make 
vertical burrows up to 2 m (6 ft) deep in the soil, but 
they feed on fresh surface litter. The common night 
crawler is an example of an anecic species, which  
has reddish brown color and larger than either of the 
other two groups. Adults are usually 12.5 - 20-cm 
long (Smithsonian Environmental Research Center, 
2014) with 80 - 198 body segments. The prostomium 
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is either epilobic, zygolobic, or tanylobic, which is 
the first segment in the anterior end of a worm’s body 
and functions like an overlip of a feeding  animal 
(Chaudhuri and Bhattacharjee, 2011).

Earthworms may damage rice crops. A study 
by Barrion and Litsinger (1997) in the Cordillera 
Region showed  that the earthworms’ burrowing 
activity caused leaks in rice levees, and body setae 
mechanically injured roots resulting in plant stunting 
and seedling death. Barrion and Litsinger (1997) 
also reported a small red earthworm measuring  
40 - 75 mm long and 1.5 - 2 mm wide. They identified 
it as Dichogaster curgensis Michaelsen, a pest of 
irrigated lowland rice that belongs to the family 
Ochtochaetidae. 

Rice yield from irrigated farms shared more than 
three-fourths to the total palay production in the 
Philippines. The share in 2015 and 2016, which was 
recorded at 76.8%, gradually declined by more than 
75% in  2017 and 2018. The top producing region was 
Central Luzon with 3.30 million metric tons or 18.2% 
of the country’s total palay production in 2015(PSA, 
2019).

Rice farmers in  Mountain Province, Kalinga, 
Pangasinan, and Nueva Ecija reported earthworm 
infestations and sought for immediate action and 
recommended management options. They said  that 
earthworms bury emerging rice seedlings by covering 
them with thick mud castings, which eventually 
killed some seedlings; while surviving seedlings 
grew longer succulent stems. This observation was 
also observed in the experimental fields at PhilRice 
Central Experiment Station (PhilRice CES) in Nueva 
Ecija. 

Characterization, proper identification, and 
understanding the behavior of these earthworms are 
necessary to provide proper recommendations. This 
study characterized and identified the earthworm-
causing problem in selected rice field areas in Luzon 
and evaluated the pests’ survival under flooded 
conditions and its effects to rice levees. 

Materials and Methods
Survey and focus group discussion

Focus group discussions (FGD) were conducted 
with 16 farmers and local government officials 
of Sagada, Mountain Province to gather baseline 
information in 2015 wet season when the infestations 
were reported. Farmers were asked when they first 
observed these earthworms in their fields and how 
they were affecting their rice crop. Fields were 
surveyed and samples were collected from sites 
identified by the local government units. 

Characterization and identification 

Paddy soil samples with earthworms were 
collected from four 10-cm-deep, 0.3 x 0.3 m 
quadrats. Soil samples were  contained in circular 
plastic basins measuring 20 x 15 cm (diameter x 
height) with an area of 314.16 cm2  with 2 kg capacity. 
Earthworms were counted on soil samples from each 
quadrat. Four quadrats per site were sampled. The 
earthworms were sensitive and tended to retract in 
their burrows inside the soil upon sensing movements 
in the ground. Thus, samples were collected 1 - 2 min 
after entry in the field when the earthworms were 
actively moving their tails in the shallow water above 
the soil surface (Figure 1). Earthworms were placed 
in vials containing 70% ethanol and transferred to 
laboratory for identification. All worms were washed 
clean of adhering soil, patted dry with a paper towel, 
and preserved in 4% formaldehyde (Fender, 1985). 
Representative samples were preserved for further 
identification and references.

Using adult specimens, the external characteristics 
of the earthworms were described as follows: 
segmental position of the clitellum on the body, body 
length, number of segments, tail or body shapes 
(flattened or circular), pigmentation, and clitellum 
shape (saddle or annular).

Dr. Nestor T. Baguinon, retired Professor at 
the College of Forestry and Natural Resources, 

Figure 1. Earthworm tails on the surface of irrigation water on the side of a seedbed (A) and tails of earthworms 
actively moving underwater (B).
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Department of Forest Biological Sciences, University 
of the Philippines Los Baños, identified the live and 
preserved samples. 

Earthworm survival on flooding  
and its effect on levees

Laboratory experiment was conducted to assess 
if flooding causes P. corethrurus’ mortality. Test 
tubes (80 ml) were filled with 40 g dried powdered 
paddy soil and watered at different levels. Treatment 
1 served as the control with 0 - 0.5 cm water level; the 
other treatments have 2.5, 5, and 10 cm water levels. 
Three earthworms were placed in each test tube 
with eight replications per treatment. The setup was 
maintained inside the laboratory with average daily 
temperature of 27°C. 

Soil samples were collected at PhilRice CES 
in 2015 wet season. A one-kilogram sample was 
collected in 30 x 30 cm sites in the upper 1 - 15 cm 
and 16 - 30 cm soil layers in flooded and saturated 
conditions. Six samples were collected per soil 
condition; flooded when water level was 10-cm-deep, 
and saturated when water level was 0 - 0.5-cm-deep. 

A screenhouse experiment was also conducted to 
observe the effects of earthworms on the destruction 
of levees. Levee was created in 8-inch pails at  10-cm-
height with  0 - 0.5, 3, and 10 cm water levels and 
three replications. One hundred earthworms at 
juvenile stage were introduced per pail.  

Laboratory and screenhouse experiments were 
arranged in completely randomized design. All 
the data gathered were subjected to ANOVA while 
treatment means were separated by either standard 
error or Fisher’s least significant difference test at 5% 
level of significance through SAS 9.1.3.

Results and Discussion
Survey and focus group discussion

The populations of earthworms varied in sampling 
sites (Table 1). The highest number was recorded in 
Bontoc, Mountain Province with an average of 10,647 
individuals per m-2. Higher number of earthworms 
and greater damage were observed during field 
establishment and planting season in December 
and January, according to the farmers in Sagada, 
Mountain Province.      

The least earthworm population  of 1,369 m-2 was 
recorded in site 2 in Science City of Muñoz, Nueva 
Ecija.  Based on field observations and assessment, 
worms were present and active 15 cm in the top of 
moist soil but not in dry paddy, especially after 
harvest when the field is left to dry. In moist irrigation 
canals of Sagada, Mountain Province and Pangasinan 
sampling sites, earthworm populations of 4,870 and 
3,398 m-2 were observed during fallow period when 
the paddies were dry. Barrion and Litsinger (1997) 
described that the crop could tolerate earthworm 
(Dichogaster curgensis Michaelsen) densities of 
140 m-2 but suffered significant yield loss when 
populations were 10  times higher and complete loss 
at 700 m-2. Dr. Baguinon, an expert in the field of 
Ecology, stated in a personal communication that 
earthworms tend to dig deeper below ground and 
encyst to survive dry conditions and aestivate until 
conditions become favorable.  Among the known 
tolerance mechanisms of earthworms is their ability 
to enter dormancy in response to higher temperatures, 
low soil moisture, or both (Lee, 1985). The ubiquitous 
tropical peregrine species P. corethrurus can become 
dormant in drought conditions (James and Hendrix, 
2004). 

Table 1. Average earthworm population in sampling sites.

Province Municipality Population in 1m2 Remarks

Mountain
Province

Sagada (Ambasing) 4,870 Fallow period, irrigation canal

Sagada (Balugan) 8, 594 Rice plants are at flowering stage, juveniles 
with some adults

Bontoc 10, 647 Rice plants at seedling stage, mostly adult

Kalinga Pasil 6,732 Seedbed ready for planting, juveniles

Tabuk City 1,695 Seedbed approximately 20 DAS, mixed

Nueva Ecija Maligaya, Science 
City of Muñoz (site 1)

6,963 Seedbed ready for planting, juveniles

Maligaya, Science 
City of Muñoz (site 2)

1,369 Field ready for planting, juveniles, noticeably 
thin (1 mm) average of 40-mm-long

Pangasinan Asingan 2,021 After seedling pulling

Umingan 3,398 Fallow period, irrigation canal

Bolinao 2,610 Tillering stage

Bani 2,316 Vegetative stage

Labrador 5,753 Vegetative stage
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FGD and personal interviews with farmers and field 
workers disclosed that the red earthworms were first 
observed in Ambasing, Sagada, Mountain Province in 
1980s; Balugan, Sagada, Mountain Province, 2009; 
Pasil, Kalinga, 2000; and Science City of Muñoz, 
Nueva Ecija, 2008. Rice farmers agreed on the troubles 
caused by earthworms. They reported that the small 
red earthworms were most problematic on the seedbed. 
They cover the emerging seeds with thick mud castings 
resulting in seedlings with succulent stems that are 
hard to pull or even mortality. According to Joshi et 
al. (1999), earthworms interfere with germination by 
covering the seeds in the seedbed, as well as scraping 
the root tissues of the rice seedlings (Barrion and 
Litsinger, 1997). In contrast, farmer-respondents in 
Pangasinan did not perceive earthworms as a problem 
in their rice fields  because of the difference in soil 
types and moisture.

In the terraced rice fields of Kalinga and Mt. 
Province, farmers stressed that the earthworms’ 
burrowing activity resulted in faster seepage of flood 
water and further loosened the compaction, which 
destroyed levees and terrace walls. This complements 
the findings of Castonguay (2014), Gomez and 
Pacardo (2005), and Joshi et al. (1999), specifying 
that the earthworms caused the degradation of the 
Ifugao rice terraces. The length of damaged walls in 
each terrace ranged 2.8 - 8 m while  damaged dikes 
measured 0.5 - 25 m (Gomez and Pacardo, 2005). 
Endogeic species like P. corethrurus make extensive 
branching burrow systems in the top 50 cm (20 in) 
of the soil (Smithsonian Environmental Research 
Center, 2014) that increase water infiltration rate 
(Lavelle et al., 1987). In this case, greater number 
of earthworms with extensive burrows would result 
in wastage of irrigation water in the rice fields and 
later water stress on plants and growth of weeds 
(Joshi et al., 1999) and  prolonged drought during dry 
season (Castonguay, 2014) especially in fields without 
sufficient water supply.

At least three farmers in Sagada, Mountain 
Province observed that the co-occurrence of giant 
earthworms further aggravates the destruction of 
stone terrace walls. As a result, the rice field easily 
loses water and causes water stress to the rice plants 
especially in areas where irrigation water is not 
readily available. According to a farmer in Sagada, 
keeping the seedbed moist and sprinkling the crop can 
lessen earthworm activities while saturated seedbed  
increases their activity. Meanwhile, field workers at  
PhilRice CES said that earthworm damage could be 
avoided by elevating the seedbed.  Seedling mortality 
and challenges on water management were the major 
problems encountered due to this infestation. No 
reduction in yield was observed. 

Characterization and identification 

The earthworm collected from sampling sites in 
Mt. Province, Kalinga, Pangasinan, and Nueva Ecija 
was identified as Pontoscolex corethrurus (Müller, 
1857), which belongs to the South American family 
Glossoscolecidae. This species is believed to have 
originated in northeast South America where the 
rest of its cogenitors are found (Righi, 1984). These 
earthworms are distinguished through their pink 
to almost transparent skin (Figure 2A), zygolobic 
prostomium (Figure 2B), saddle-type clitellum with 
9 - 11 segments (Figure 2C), and four closely paired 
setae (hooked) per segment (Figure  2D). On the 
average, adult earthworms have 207 segments. When 
anesthetized with 70% ethyl alcohol, the average size 
is 74.7 mm (length) x 1.8 mm (width) with 5 - 6 mm 
clitellum located at the 14 - 24th segment from the 
prostomium. 

The cocoon of P. corethrurus (Figure 3) had either 
brown, dark green, or black color. It measures 4.6 mm 
(length) x 1.9 mm (width). Dark green cocoons weighed 
0.005758 g while black cocoons weighed 0.006415 g, 
each cocoon contained two juveniles. Newly emerged 
juveniles measured 8 - 10 mm long by 0.5 - 1 mm 

Figure 2. A 7.5 cm P. corethrurus earthworm with pink skin (A), zygolobic prostomium (B), saddle-type clitellum (C), and setae 
in each segment (D).
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diameter (Figure 3). Earthworms are hermaphrodites 
having both male and female reproductive organs. 
P. corethrurus, Dichogaster affinis, M. houlleti, and 
O. beatrix have the ability to produce cocoons by 
self-fertilization or parthenogenesis (Chaudhuri and 
Bhattacharjee, 2011). Cocoon production ranges from 
1 to 20 per mating depending on species (Edwards, 
2004). Chaudhuri and Bhattacharjee in 2011 reported 
that cocoon development varied from 21 to 51 days.

The endogeic species P. corethrurus was 
collected and described in crop fields in Blamenau, 
Brazil 160 years ago (Mϋller, 1857). It is an invasive 
earthworm that has colonized most land transformed 
by human activities in the humid tropics (Lavelle et 
al., 1987). In Ifugao, the group of Joshi et al. (1999) 
identified terrace-dwelling earthworm pest species: 
Polypheretima elongate, Pheretima spp. Pontoscolex 
corethrurus, Pithemera bicincta, and Amynthas 
diffringens. Only P. corethrurus exists  in the forests. 

The P. corethrurus earthworm and  the “giant 
earthworms” (Pheretima spp.) that affected rice 
production in the Banaue rice terraces are two of the 
invasive alien species (IAS) present in the Philippines 
as reported by Dr. Ravindra Joshi in 2006. IAS 
include exotic or non-native micro and macro-species 
introduced, accidentally or deliberately, to a place 
that is not part of their natural habitat or distributional 
range and have adverse ecological and economic 
impacts (Bruton and Merron, 1985; De Silva, 1989). 

A monoculture of P. corethrurus earthworm 
was observed and collected in all sampling sites, 
although some farmers noticed the presence of other 
earthworms such as the giant earthworms (Sagada, 
Mt. Province) but with much fewer population. This 
conforms to the findings  of Marichal et al. (2010), 
which stated that native species tend to disappear as a 
result of disturbances such as land cultivation, which 
destroy their habitats and reduce their food sources.  
This habitat destruction resulted in the emergence 
of P. corethrurus especially in soils with increased 
pH, C, and nutrient contents. In the sampling sites at 
PhilRice CES, the soil pH ranges from 5.63 to 5.91. 
Edwards (2004) stated that most earthworms prefer 
normal soil pH while few of them can live in acidic 
soil (Ismail and Murthy, 1985) as validated by the 

study conducted by Nath and Chaudhuri in 2010, 
which concluded  that P. corethrurus can tolerate and 
even prefer acidic soil.

Survival in flooded condition

Barrion and Litsinger (1997) reported that in 
the Cordillera rice terraces, flooding at 14 cm depth 
caused 20.2% mortality of Dichogaster curgensis 
after seven days. A laboratory experiment was 
conducted to further validate whether flooding will 
cause mortality to P. corethrurus,.

Seven days after the experiment was set up, 
earthworm casualty was significantly different 
in 5 and 10 cm water levels with 37.5 and 41.67% 
mortality, respectively (Figure 4A).  Dead earthworms 
surfaced on the soil (Figure 4C) with pale color and 
disintegrated skin starting from the posterior part 
(Figure 4B). Mortality was evident with the presence 
of pungent odor from the tubes with dead earthworms. 
No earthworms died in the test tubes with 0 - 0.5 cm 
water level. Access to oxygen was the only difference 
between flooded and unflooded treatments, the most 
probable cause of earthworm’s mortality in this 
experiment. P. corethrurus earthworms can prosper 
on paddies, along the margins and paddy levees but 
not in flooded soils (James and Hendrix, 2004). 

Figure 3. P. corethrurus cocoon (left) and newly emerged juvenile (right).

P. corethrurus is generally found in the top 30 cm 
of the soil (Lavelle et al., 1995). It prefers to be at the 
upper 15 cm saturated paddy soil than at the lower 16 
- 30 cm layer. This is indicated by 108.57% difference 
in the number of earthworms extracted from the soil 

Figure 4. Earthworm mortality at 7 days in different water 
levels under laboratory condition (A), pale color and 
disintegrated skin starting from the posterior part (B), and 
dead earthworms surfaced on the soil (C).
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sample taken at the upper (15 cm) and the lower (30 
cm) soil layer (Figure 5A). It was further observed 
that the number of earthworms is 157.95% higher in 
saturated soil than in  paddy soil with 5 - 10 cm flood 
water (Figure 5B). Being a geophagous polyhumic 
endogeic species (Lavelle, 1981), P. corethrurus is 
generally found in the top 30 cm of the soil and has a 
relatively high organic matter assimilation efficiency 
(Lavelle et al., 1995); allowing it to survive even in 
very poor soils and giving it high ability to colonize 
new habitats (Lavelle et al., 1987).

Earthworms need oxygen to live; breathing 
through their moist slimy skin in a process called 
diffusion whereby molecules move from an area with 
higher to lower concentration. To survive, the amount 
of oxygen inside the earthworm should always be 
less (lower concentration) than its environment. In 
flooded condition, water takes the place of air in the 
paddy soil, which may suffocate the earthworms and 
eventually die when their skin dries up as  exchange 
of gas cannot take place (Lauren, 2006).  

Effects on levees

Earthworm burrowing activities loosened and 
destroyed levees in the pail  with 10 cm water level. 
Thick casting was noticeable on the side of levees 
flooded at 3 - 5 cm and was otherwise present at the 
base of the levee with 0 - 1 cm water level. The height 
of levees on the pails with 10 cm water level was lower 
than those on pails with saturated soil and with 3 cm 
water level. The earthworms flock in paddy levees 
and other elevated areas with better airflow and soil 
condition (Figure 6).

Fourteen days after flooding, the levees flooded 
with 10 cm water level were degraded from 10 - 1.33 
cm height while the levees flooded with 3 cm water 
had 7 cm height. Levees in saturated soil were the 
tallest at 8.33 cm high (Figure 7). Dikes bordering the 
paddy fields act as refuge for earthworms and allow 
them to survive during the dry season (Choosai et 
al., 2009), which may also be true when the paddy 
is flooded. This study found that flooding causes 

Figure 5. Average number of earthworms in 30 cm x 30 cm quadrat sampling area relative to sampling depth 
(A) and water level (B).

Figure 6. Loosening of levees by earthworms in flooded soil.
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earthworm mortality. Earthworms also aggregate 
on paddy levees (dikes) and terrace walls to have 
access to oxygen when the field is flooded. As such, 
earthworm burrowing loosens the compaction of 
levees and terrace walls leading to the collapse of the 
structure; thus, paddy water is released and wasted. 

Conclusion 
The earthworms collected in farmers’ fields in  

Mt. Province, Kalinga, Nueva Ecija, and Pangasinan 
were  identified as Pontoscolex corethrurus. These 
earthworms were numerous on the upper saturated 
layer (15 cm) of the soil than in  the flooded paddy.  
Recognizable through their pink to almost transparent 
skin, zygolobic prostomium, saddle-type clitellum 
with 9 - 11 segments and four closely paired setae 
per segment. Adult earthworms have 207 segments, 
average size is 74.7 mm (length) x 1.8 mm (width).  
Clitellum (5 - 6 mm) is located at the 14 - 24th segment 
starting from the prostomium. The cocoon had either 
brown, dark green, or black color measuring  4.6 mm 
(length) x 1.9 mm (width). They are most problematic 
on the seedbed where they cover the emerging seeds 
with thick mud castings resulting in seedlings with 
longer roots and stems that  are succulent and hard 
to pull. In some cases, mortality was observed 
on seedlings that were heavily covered with mud 
castings. 

Flooding resulted in P. corethrurus mortality. 
In flooded soil, the earthworms flock on levees and 
other elevated areas for survival, which then resulted 
in loosening and destruction of levees and afterwards 
released water from the irrigation. Thus, maintenance 
of 3 - 5 cm water level to reduce earthworm population 
and prevent levees destruction is recommended. 

Earthworm contributes to soil fertility but in 
some cases particularly in this study, P. corethrurus 
high population causes problems on seedlings and 
eventually destroys levees. However, further study on 
the effect of earthworm on rice plants and farm inputs 
are recommended to assess their impact on yield.   

Literature Cited
Barrion AT, Litsinger JA (1997) Dichogaster nr. curgensis 

Michaelsen (Annelida: Octochaetidae): An earthworm 
pest of terraced rice in the Philippine Cordilleras. Crop 
Protection 16(1): 89-93

Bruton MN, Merron SV (1985) Alien and translocated aquatic 
animals in Southern Africa: A general introduction 
checklist and bibliography South African National 
Scientific Programs Report 113:1-71

Castonguay AC (2014) Assessment of resilience and adaptability 
of social-ecological systems: A case study of the Banaue 
rice terraces. Institute for Natural Resource Conservation, 
Christian-Albrechts Universität zu Kiel. 21(2): 15

Chaudhuri PS, Bhattacharjee S (2011) Reproductive biology of 
eight tropical earthworm species of rubber plantations in 
Tripura, India. Tropical Ecology 52(1): 49-60

Choosai C, Mathieu J, Hanboonsong Y, Jouquet P (2009) 
Termite mounds and dykes are biodiversity refuges in 
paddy fields in North-eastern Thailand. Environmental 
Conservation 36(1): 71-79

Choosai C, Jouquet P, Hanboonsong Y, Hartmann C (2010) 
Effects of earthworms on soil properties and rice 
production in the rainfed paddy fields of Northeast 
Thailand. Applied Soil Ecology 45(3): 298-303 

De Silva SS (1989) Exotic aquatic organisms in Asia. Asian 
Fisheries Society, Special Publication 3 (pp 154). Manila, 
Philippines: Asian Fisheries Society

Edwards CA (2004) Earthworm ecology, 2nd edition. New York, 
Washington: CRC Press

Fender, WM (1985) Earthworms of the Western United States. Part 
I. Lumbricidae. Megadrilogica 4(5): 93-129

Gomez RA, Pacardo EP (2005) Survey of the damage in the 
Ifugao Rice Terraces and its environmental dynamics. 
Philippine Agricultural Scientist 88(1): 133-137 

Smithsonian Environmental Research Center (2014) Great 
Lakes Worm Watch. Earthworms by Ecological Group: 
A Guide to Earthworms You’ll Find in The Great Lakes 
Region. Retrieved from https://serc.si.edu/sites/default/
files/types_of_earthworms_diagram.pdf (accessed 
December 2014)

Ismail SA, Murthy VA (1985) Distribution of earthworms in 
Madras. Proceedings: Animal Sciences 94: 557-566

James SW, Hendrix PF (2004) Invasion of exotic earthworms 
into North America and other regions. In Edwards CA 
(Ed.). Earthworm Ecology, Second Edition (75-88). 
Bocan Raton, FL: CRC Press 

Joshi RC, Matchoc ORO, Cabigat JC, James SW (1999) Survey 
of earthworms in the Ifugao Rice Terraces, Philippines. 
Journal of Environmental Science and Management 2(2): 
1-12

Joshi RC (2006) Invasive alien species (IAS): Concerns and status 
in the Philippines. In Proceedings of the International 
Workshop on the Development of Database (APASD) 
for Biological Invasion (pp 8). Taichung, Taiwan, China: 
FFTC. Retrieved from https://www.fftc.org.tw/htmlarea_
file/activities/20110826121346/paper-729213301.pdf 
(accessed December 2014)

Figure 7. Loosening and destruction of levees by earthworms 
after 14 days in flooded and saturated soil.



Characteristics, Identity, and Survival of Red Earthworm Infesting Philippine Irrigated Rice Paddies

22   RICE-BASED BIOSYSTEMS JOURNAL (2022) 10: 15-22

Lauren G (2006) Wow! The wonders of an earthworm; How 
diffusion allows an earthworm to breathe. Retrieved from 
https://www.sas.upenn.edu/~glauren/earthworm.html. 
(accessed January 2022)

Lavelle P (1981) Stratégies de reproduction chez les vers de terre. 
Acta Oecol Gen 2: 117-133

Lavelle P, Barois I, Cruz I, Fragoso C, Hernandez A, Pineda 
A, Rangel P (1987) Adaptative strategies of Pontoscolex 
corethrurus (Glossoscolecidae, Oligochaete), a peregrine 
geophageous earthworm of the humid tropics. Biology 
and Fertility of Soils 5(3): 188-194

Lavelle P, Lattaud C, Trigo D, Barois I (1995) Mutualism and 
biodiversity in soils. Plant Soil 170: 23-33

Lee K (1985) Earthworms, their ecology and relationship with 
soils and land use. Journal of Applied Ecology 24(1): 334

Marichal R, Martinez AF, Praxedes C, Ruiz D, Carvajal AF, 
Oszwald J, Hurtado MD, Brown GG, Grimaldi M, 
Desjardins T, Sarrazin M, Decaens T, Velasquez E,  
Lavelle P (2010) Invasion of Pontoscolex corethrurus 
(Glossoscolecidae, Oligochaeta) in landscapes of the 
Amazonian deforestation arc. Applied Soil Ecology 
46(3): 443-449

Müller FII (1857) Description of a new species of Earthworm 
(Lumbricus corethrurus). Annals and Magazine of 
Natural History 20(115):13-15 

Nath S, Chaudhuri PS (2010) Human-induced biological 
invasions in rubber (Hevea brasiliensis) plantations of 
Tripura (India) - Pontoscolex corethrurus as a case study. 
Asian Journal of Experimental Biological Science 1(2): 
360-369

Philippine Statistical Authority [PSA] (2019) Palay 
Production in the Philippines (pp 1). Retrieved from 
f ile:///D:/STUDY%20Protocol%20and%20Reports/
For%20Publication/Earthworm/Literatures/Palay%20
Production%20in%20the%20Philippines%20,%202015-
2018_0.pdf (accessed January 2022)

Ramsay J, Hill S (1978) Earthworms, the agriculturist’s friends. 
Retrieved from eap.mcgill.ca/publications/eap6.htm 
(accessed January 6, 2015)

Righi G (1984) Pontoscolex (Oligochaeta, Glossoscolecidae) 
a new evaluation. Studies on Neotropical Fauna and 
Environment 19(3): 159-177

Somniyam P, Suwanwaree P (2009) The diversity and 
distribution of terrestrial earthworms in Sakaerat 
Environmental Research Station and adjacent areas, 
Nakhon Ratchasima, Thailand. World Applied Sciences 
Journal 6(2): 221-226



RICE-BASED BIOSYSTEMS JOURNAL (2022) 10: 23-31   23

Introduction
Varietal mixture by inter row or intercrop is 

a known strategy for biotic stress management. 
Approaches were applied in designing mixtures 
depending on the specific crop problem,  competitive 
ability against weed disease infections (Ločmele  et 
al., 2017), and malting quality (Swanston et al., 2006). 
For instance, barley for yield; bean to decrease fly 
damages (Ssekandi et al., 2016); banana to control 
nematodes (Quénéhervé et al., 2011); finger millet to 
manage blast disease (Kumar et al., 2011); and wheat 
to control diseases (Cowger and Mundt, 2002; Mundt 
et al., 1999; Callonec et al., 1996). 

In rice, VarMix approaches and strategies were 
also reported for yield and weed management 
(Amin et al., 2019); blast control (Han et al., 2016; 
Raboin et al., 2012; Zhu et al., 2005; Falvo, 2000); 
and lodging resistance (Revilla-Molina et al., 2009). 
The effectiveness of VarMix relies on the quality of 
varieties; thus, the economic importance of traits. 
These traits were mostly based on plant height, 
maturity, tillering capability, blast resistance, grain 
quality, and yield (Amin et al., 2019; Han et al., 2016; 
Li et al., 2013; Raboin et al., 2012). 

The use of VarMix in rice to combat biotic and 
abiotic stress for yield stability was not fully utilized 
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Abstract
The effectiveness of varietal mixture (VarMix) depends on the traits and qualities of rice.   In this study, 

single varieties for VarMix combination were selected based on their genetic and trait variation such as resistance 
against pests and diseases and stress-tolerance. To identify genetic and phenotypic variation, molecular markers, 
simple sequence repeats (SSR) and published phenotypic traits of 36 Philippine released varieties were used. 
Genetic composition of these varieties was revealed using two genetic similarity coefficients Simple Matching 
(SM) and Roger and Tanimoto (R and T). Among the two-coefficients, R and T provide group clustering with 
higher genetic dissimilarities of 0.33 coefficient than  SM with only 0.50. The six established VarMix source 
varieties (PSB Rc82, NSIC Rc 214, Rc 216, Rc 238, Rc 298, and Rc 300) demonstrate distinct clusters  belonging 
to two major groups, which were based on genetic similarity coefficients. The NSIC Rc 214 belongs to Group 
I while PSB Rc82 is part of Group II, Cluster 2.1a. The remaining varieties belong to Group II, but also part of 
different cluster group i.e., NSIC Rc 238 (Group II, Cluster 2.1.b.1.2), NSIC Rc 298 (Group II, Cluster 2.1b.2.1), 
NSIC Rc 300 (Group II, Custer 2.1b.1.2), and NSIC Rc 216 (Group II, Cluster 2.1b.2.2). The varieties have 
similar traits for plant height, maturity, grain size and shape, and amylose content but have  different reactions 
to diseases (blast, bacterial leaf blight) and pests (tungro, brown plant hopper, and stem borer). The genetic and 
trait variation of each single variety which contributed to express the functional diversity for selected VarMix 
combination, resulted in mitigating the effect of biotic and abiotic stress. Identification of genetic diversity of 
selected rice varieties is vital in establishing relevant information for VarMix selection.

Keywords: Genetic Similarity, SSR, VarMix, Diversity, Rice

in the Philippine rice production areas until studies 
from recent years showed its potential in  areas with 
limited source of water and in pests and diseases 
hotspots (Pacada et al., 2021; Pacada et al., 2014).  
The unique selection process in  this study compared 
with other  rice VarMix research (Han et al., 2016; 
Li et al., 2013; Raboin et al., 2012; Revilla-Molia et 
al., 2009) included the use of mixing seeds with 1:1 
to 1:1:1:1:1:1 ratio of the selected diverse genotypes, 
which showed their genetic dissimilarities through 
DNA polymorphism. 

Molecular markers have been widely used for a 
number of applications in assessing genetic diversity 
of rice varieties (Singh et al., 2016; Musyoki et al., 
2015; Ravi et al., 2003). Microsatellite markers also 
known as SSR have been proven effective for genetic 
diversity analysis. SSR markers are codominant 
and multi-allelic (polymorphic) in nature, and are 
highly reproducible, simple, easily scored, and 
reliable (Salgotra et al., 2015). Moreover, genetic 
diversity assessment based on determination of DNA 
polymorphism excludes the environmental effects.

VarMix is  a mixture of selected varieties 
seeds with closely similar agronomic traits but are 
genetically dissimilar. Agronomic traits pertain 
to maturity, height, and grain size and shape while 
genetic dissimilarities are  distinct genetic makeup of 
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a rice variety. In the initial VarMix investigation of 
Pacada et al. (2014), selection for establishing VarMix 
combinations was based on the top 20 varieties used 
by farmers in Region III identified by Philippine Rice 
Research Institute Central Station Office (PhilRice 
CES) rice-based farm household survey in 2012. It 
includes the six popular varieties specifically, PSB 
Rc 82, NSIC Rc 214, Rc 216, Rc 238, Rc 298, and 
Rc 300. In this study, 36 PSB/NSIC varieties that are 
commonly used by farmers in various regions and 
provinces in the  Philippines were utilized. These 
varieties were considered to validate the diverse 
genetic constitution of the six popular varieties in 
generating VarMix combinations. 

This study aimed to  demonstrate the genetic and 
trait-based selection of the six single varieties used 
for creating VarMix combinations. 

Materials and Methods
Plant materials

Thirty-six commonly planted PSB/NSIC varieties 
in select regions and provinces in the Philippines 
were selected  (Rice Varietal Improvement Group, 
2016). The experiment was established in the 2015 
wet season under field conditions at PhilRice CES, 
Maligaya, Science City of Muñoz, Nueva Ecija. 

Traits profiling and selection 

Agronomic, grain quality traits, and reaction 
to pests and diseases of 36 PSB/NSIC varieties 
published in Pinoy Rice Knowledge Bank of PhilRice 
was identified and profiled. Varieties selection for 
VarMix combination was based on plant’s similarity 
in terms of height, maturity, grain size and shape, 
amylose content, and different genetic makeup. 

Genetic diversity classification 

Leaf collection. Twenty-one-day-old seedlings 
were transplanted individually, 20 hills per variety at 
20 cm x 20 cm spacing. Five leaf samples were then 
collected 20 days after transplanting for genotyping. 
Each collected leaf was placed in a glassine bag and 
immediately stored in an ice box to prevent DNA 
degradation. All entries were quickly frozen in liquid 
nitrogen and ground  into fine powder using mortar 
and pestle. DNA was isolated and extracted following 
the modified method (Perez et al., 2012). 

SSR markers and assay. Forty-seven SSR markers 
used by Dalusong et al. (2019) were used. DNA 
amplification was carried out in 8 µL Polymerase 
Chain Reaction (PCR) reaction volume containing 
2.76 µL of sterile distilled water, 1.5 µL of 5X Green 
GoTaq PCR buffer, 0.3 µL of 25 mM MgCl2, 0.4 µL of 
5 mM DNTP, 0.5 µL of 10 mM primer (forward), 0.5 

µL of 10 mM primer (reverse), 0.04 µL Commercial 
Taq Polymerase (Invitrogen), and 2 µL DNA template 
(35 - 45 ng). The PCR process was conducted with 
an initial denaturation of 95°C for 5 min, 29 cycles 
of denaturation at 94°C for 1 min, primer annealing 
at 55°C for 1 min, and extension at 72°C for 2 min, 
and final extension at 72°C for 5 min.  Short Tandem 
Repeat (STR)  loading dye of 4 µL was added to PCR 
products and afterwards, analyzed in non-denaturing 
Polyacrylamide Gel Electrophoresis at 100V for 1.5 h. 
The gels were stained in Gelred (Biotum) for 15 - 30 
min and observed under a UV transilluminator. 

Scoring and data analysis

The amplified products from the visualized 
PCR results were scored based on the allele size. 
The profiles produced by SSR markers were scored 
manually for each SSR locus (Table 1). Only 
polymorphic bands or markers that produced two or 
more different amplicon sizes were included in the 
analysis. The alleles observed per SSR marker locus 
were the inputs for genetic analysis. Two genetic 
similarity coefficients (SM; R and T) were used to 
determine the comprehensive genetic difference of 
36 varieties. This analysis was under the procedures 
of Numerical Taxonomy and Multivariate Analysis 
System (NTSYS-pc version 2.1) and data from this 
was used to establish construction of dendrograms. 

Similarity coefficients using SM and R and T are 
computed through  the formula:

SM =          a + d              or        a + d 
             a + b + c + d                      n

which is the number of agreements (matches) 
divided by the total number of variables. For 
complete agreement, SM = 1, whereas for 
maximum dissimilarity, SM = 0. 

            R and T =               a + d                   
                                (a + d) + 2(b + c); 

and gives double weight to mismatching variables, 
so it is always smaller than SM, except for the 
trivial case of b+c = 0.

Genetic diversity was calculated at each locus for 
allelic PIC with program Power Marker version 3.25 
(Liu and Muse, 2005) based on allelic frequencies 
of the 36 varieties being analyzed. The PIC values 
for each SSR were estimated by determining the 
frequency of alleles per locus using the formula: 

                   PIC = 1− ∑ x2
i ; 

where xi is the relative frequency of the ith 
allele of the SSR loci. Markers were classified as 
informative when PIC was ≥ 0.5.
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Cluster dendogram was performed to group the 
rice varieties reflecting the overall measure of its 
genetic similarities. This process was conducted  using 
the Unweighted Pair Group Method with Arithmetic 
mean (UPGMA) under the NTSYS programs, 
showing the distance-based interrelationship among 
the genotypes. 

Results and Discussion
Polymorphism of SSR markers 

There were 128 alleles detected from 42 SSR 
markers used with an average of 3.05 alleles per 
locus. The numbers of alleles per locus ranged from 
2 to 6.  Map of loci for each chromosome with   the 
sequence of the markers is shown in Table 1. Based 
on allelic diversity and frequency, PIC value for each 
SSR marker used ranged from 0.05 to 0.76. PIC value, 
which is greater than 0.7, is considered to be highly 
informative, while PIC of ≥0.5, and <0.5 is informative 
and moderately informative, respectively. RM 592 
had the highest PIC value of 0.76, which also had the 
highest number of polymorphic alleles, followed by 
RM 586 and RM 589 with the same value of 0.68. 
Moreover, the identification of RM makers with  PIC 
values higher than 0.70 was sufficient to segregate  
genotypes with  diverse genetic background (Kimaro 
et al., 2020; Dalusong et al., 2019). 

Genetic similarity and trait dissimilarities 

The profiles of the 36 varieties for selected 
agronomic, grain quality traits, and their pests and 
disease reaction are shown in Table 2. Their genetic 
differences using two genetic similarity coefficients, 
SM, and R and T are shown in Figure 1. Among the 
two coefficients, R and T provided group clustering 
with higher genetic dissimilarities of 0.33 coefficient 
compared with  SM with only 0.50. However, similar 
groupings of six varieties were observed for both 
coefficients in terms of  grouping and sub-clustering. 

Basically, two major groups were resolved by 
two genetic coefficients, in which NSIC Rc 214 was 
classified  in the distinct cluster of Group I while 
PSB Rc82 was sorted in Group II, Cluster 2.1a. The 
remaining four single varieties were categorized in 
Group II but were classed in different cluster group 
i.e., NSIC Rc 238 (Group II, Cluster 2.1.b.1.2), 
NSIC Rc 298 (Group II, Cluster 2.1b.2.1), NSIC Rc 
300 (Group II, Cluster 2.1b.1.2), and NSIC Rc216 
(Group II, Cluster 2.1b.2.2). Table 3 summarizes 
the  six varieties based on  genetic similarity 
groupings, agronomic, grain quality, and pest and 
disease reaction. The distinct grouping of NSIC Rc 
214 (Figure 1) could be attributed to its disparity in 
maturity,plant height (Table 3), and the undetermined 
alleles, which may be derived from the unprofiled 
traits. Moreover, the sub clustering of other single 
varieties may be associated with the unique genetic 
gene pool used by the breeding institutions such as  
PhilRice and International Rice Research Institute 
(IRRI) (Table 4).

Table 1. Polymorphic information (PIC) content of 42 SSR 
markers.

No. Chromosome
Location

  Marker
   Name

Number  
of Alleles

Diversity in 
Value of PIC

1 1 RM243 2 0.14
2 1 RM10764 2 0.05
3 1 RM7466 2 0.35
4 1 RM10711 3 0.45
5 1 RM562 4 0.57
6 1 RM3412 3 0.31
7 1 RM10825 3 0.58
8 1 RM5 3 0.15
9 1 RM490 3 0.48
10 1 RM136 3 0.57
11 2 RM110 2 0.21
12 2 RM263 4 0.32
13 2 RM290 3 0.33
14 2 RM324 3 0.41
15 2 RM262 2 0.36
16 2 RM154 4 0.65
17 2 RM521 2 0.35
18 2 RM211 3 0.45
19 4 RM335 5 0.50
20 5 RM164 4 0.41
21 5 RM169 4 0.48
22 5 RM592 6 0.76
23 5 RM413 3 0.40
24 6 RM510 2 0.37
25 6 RM586 4 0.47
26 6 RM589 4 0.69
27 6 RM584 5 0.69
28 6 RM30 2 0.05
29 7 RM445 3 0.40
30 7 RM234 3 0.35
31 8 RM331 2 0.29
32 8 RM515 4 0.68
33 8 RM44 3 0.44
34 9 RM152 2 0.56
35 10 RM566 2 0.14
36 10 RM228 2 0.36
37 11 RM171 2 0.18
38 11 RM202 3 0.35
39 11 RM224 2 0.14
40 11 RM21 4 0.62
41 11 RM254 2 0.37
42 12 RM27421 3 0.26

         
Total number of alleles          128
Average number of alleles per locus     3.05
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Figure 1. Comparison of dendrograms constructed using SM (top) and R and T (bottom)  similarity coefficients.
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Identification and classification of variety are 
useful information particularly in designing varietal 
mixture for the mitigation of pest (Ssedkandi et 
al., 2016; Quénéhervé et al., 2011) and disease 
infestation (Ločmele  et al., 2017;  Kumar et al., 2011; 
Cowger et al., 2002; Mundt et al., 1999; Callonec 
et al., 1996)  and for yield productivity (Li et al., 
2013; Kiaer et al., 2012; Gallandt et al., 2001). This 
research showed that diversification approach based 
on genetic composition, variability in agronomic 
traits, and different level of resistance in pest and 
diseases can contribute to the overall performance 
of selected VarMix combinations, in which  the 
mixing effect increases its productivity given the 
different environmental conditions; thus, out yielding 
corresponding single variety (Pacada et al., 2021).   
Moreover, genetic variation based on molecular data 
and phenotypic traits of each variety, contributed 
in identifying  functional diversity of some VarMix 
combinations, which were more stable and highly 
responsive to given environment (Pacada et al., 2021). 
Functional diversity in this study entailed  the mixing 
effect of diversified function for a particular trait to 
lessen the effect of biotic and abiotic stresses. In the 
formulation of VarMix, one of the primary bases for 
the selection is the genetic composition of a variety, 
which is highlighted in this study, while  other rice 
researches involving VarMix solely considered the 
economic importance of traits. (Han et al., 2016; Li 
et al., 2013; Raboin et al., 2012; Revilla-Molia et  al., 
2009).

For above ground environment, disease and pest 
reduction was attributed to dilution and barrier effect 
mechanism (Castro, 2001), which are  associated with 
the genetic makeup variability of single varieties. 
VarMix acts as differential variety, possessing 
different degree of resistance that causes movement 
restriction and obstruction barrier for pest and 
disease infestation. In the initial investigation, other 
mechanisms were also validated for below ground 
environment where VarMix combinations triggered 
its root plasticity by means of compensation and 
facilitation mechanism (Yadav et al., 2009; Garcia-
Barrios, 2002; Callaway, 1995). This mechanism 

was identified by Pascua et al. (2020), in which 
integrating NSIC Rc 298 with five single varieties 
complemented  other VarMix combinations by 
producing high grain yield, total root length, and 
water use under cycles of alternate wetting and 
drying (CAWD). This complementation by inter-
varietal diversity facilitated water increase of its 
roots from deeper soil layer through hydraulic lif, 
and redistributed the water uptake to its neighboring 
roots (Sekiya et al., 2011; Neumann and Cardon, 
2012), which resulted in enhanced VarMix root 
index. Moreover, complementation and facilitation 
mechanism of VarMix was attributed to different 
genetic background of six single varieties. NSIC Rc 
298 was developed for direct seeding ecosystem and 
the other single variety was bred for irrigated lowland 
ecosystems.

Conclusion
VarMix is a promising stop gap approach 

to address water scarcity and pest and diseases 
especially that  a single multi-trait local variety 
tolerable of various biotic and abiotic stresses is yet to 
be developed. Classification of diverse single variety 
based on molecular and phenotypic level plays an 
important role in the good performance of VarMix in 
different environments. The mixing effect of VarMix 
is associated with  inter-varietal diversity; thus,  
lessening sensitivity to water scarcity and enhancing 
reactions against  pests and diseases. Moreover, the 
identified genetic variation of single variety used 
in creating VarMix combinations intensified the 
expression of functional diversity and resulted in 
positive trade-offs particularly in obtaining yield 
stability under stress and non-stress conditions.  
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Table 4.  Parentage of six single varieties and breeding institution.

    Variety Ecosystem Parentage Breeding Institution

     NSIC Rc 214 Irrigated IR72890-70-2-3-3/IR57301-195-3-3 IRRI

     PSB Rc82 Irrigated IR47761-27-1-3-6/PSB Rc28 IRRI

     NSIC 2011 Rc 238 Irrigated IR72870-120-1-2-2/IR72870-19-2-2-3 IRRI

     NSIC 2012 Rc 298 Rainfed PR29253-96-1/AR32-4-58-2 PhilRice

     NSIC 2012 Rc 300 Irrigated PSB Rc62/PSB Rc66 PhilRice

     NSIC Rc 216 Irrigated PJ7/MATATAG 1 PhilRice
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Abstract
 Rice mechanization in the Philippines generally falls under the small-scale category with the majority of 

the farmers owning only a hectare or less of farm land.  Farm mechanization helps rice farmers cope with the 
challenges brought about by climate change and trade liberalization.  While there were already attempts to 
introduce mechanization technologies in rice farming for the past three decades, the level of mechanization has 
not progressed much.  This paper discusses the challenges encountered in mechanizing farm operations since the 
1990s and presents success stories that can serve as models for smallholder farmers. The paper also highlights 
advancements in implementing a nationwide rice mechanization program to reduce production cost and help 
Filipino compete with the international market.

Keywords: Custom-service Provision, Mechanization Models, Modernization, Trade Liberalization

Introduction
The Philippine rice sector is facing various 

challenges.  In February 2019, the country shifted to 
open rice trade policy when its import quota system 
was replaced with tariff through the enactment of 
Republic Act No. 11203 or the Rice Tariffication Law 
(RTL). This act permits the entry of cheaper imported 
rice in the country. Despite the imposed taxes, it is 
expected to result in price decline of milled rice and 
consequently, farm gate price reduction of paddy rice.  
While this shift benefits the consumers in general, 
it economically harms the Filipino rice farmers, 
especially the smallholders who are incapable of 
competing due to the high production cost.

Despite the numerous technological advances for 
the past years, rice production cost in the country 
is relatively higher than in Vietnam and Thailand, 
which are the major sources of rice imports. On 
average, farmers spend PhP 45,300 ha-1 or PhP 
11.20 kg-1 of produced paddy, the biggest chunk 
incurred by labor cost at 51% (Figure 1). In some 
parts of the country, farm labor is becoming scarce 
and expensive due to the need for workers in other 
sectors (e.g., construction, factories), which provides 
a higher and more stable income. Moreover, with 
farmers within a community practicing synchronous 
planting, the demand for farm workers during labor-
intensive operations such as manual transplanting 
and harvesting has been confined to a short period 
of time, resulting in workforce insufficiency.  In most 
cases, this results in the delay of operations. 

Climate change is one of the current big challenges 
that the rice sector is facing.  Rice is a climate-sensitive 

crop, which can be badly affected with losses due to 
weather and climate-related factors. The El Niño in 
1998, for example, caused a significant decline in 
production while another substantial loss occurred in 
2010 when ready-to-harvest rice fields were exposed 
to continuous rains and floods. Aside from reducing 
production cost, mechanization also plays a vital role 
in helping farmers cope with climate change.  During 
the occurrence of drought, farmers rely on alternative 
irrigation pumps to provide water and sustain the 
growth and development of the crops. In addition, 
harvesting machines such as rice combine can help 
farmers reap their rice crop in a shorter period than 
through manual harvesting. It also minimizes the risk 
of encountering strong typhoons and floods. With the 
erratic rainfall patterns, the use of mechanical paddy 
dryers is a must particularly if rice harvest would be 
dried and stored awaiting for a price increase or for 
milling.   

In support of agricultural mechanization, increased 
farm income, and modernized agriculture, the 

Figure 1.  Cost shares (%) in rice production (PSA, 2019).
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Philippine Agriculture and Fisheries Modernization 
Act (AFMA) of 1997 and the Agricultural and 
Fisheries Mechanization Act (AFMech) of 2012 were 
enacted (Dela Cruz and Malanon, 2017). Section 59 
of AFMA highlights the necessity to develop and 
promote appropriate agricultural machinery and 
mechanization technologies to enhance modernization 
in the countryside (Paras and Amongo, 2005). 

Despite perceived benefits of agricultural 
mechanization and the government’s efforts to 
improve modernization since the 1990s, the level of 
mechanization in the country remains low and slow 
at 2.31 hp ha-1 (Dela Cruz and Bobier, 2016).  

The enactment of Rice Tariffication Law (RTL) 
enabled the creation of the Rice Competitiveness 
Enhancement Fund (RCEF) - a safety net measure 
which annually allocates PhP 5 billion for its 
mechanization program.  The law mandates the 
Philippine Center for Postharvest Development 
and Mechanization (PHilMech) to lead the RCEF 
Mechanization program; provides opportunities for 
farmers’ organizations to own farm machineries, 
equipment, and supplementary packages that will 
help them improve their income; and accelerate farm 
mechanization (Tobias, 2019).  

This paper presents the mechanization status 
in the country; highlighting the significant roles of 
smallholder farmers in accelerating mechanized 
farming operations for rice production. It also 
summarizes the challenges and success that can serve 
as models for rice mechanization that are readily 
accessible by smallholder farmers. 

Materials and Methods
The research was conducted in two phases. The 

first phase entailed a literature review to understand 
the state of mechanization; emphasizing the role of 
small farm holders in shaping Philippine agricultural 
mechanization. Secondary data on cost shares of 
inputs in rice production and distribution of farmers 
by farm size were obtained from the Philippine 
Statistics Authority (PSA) and 2016 - 2017 rice-
based farm household survey of the Philippine Rice 
Research Institute (PhilRice). These data were used 
to gain insights and bring forth discussions, which 
were grouped into three categories (Figure 2). 

      

The second phase involved interviewing key 
informants from the farmers’ cooperatives and 
private organizations through an online platform. 
The respondent-groups were selected based on 
their success and length of providing services to 
farmers. For Category 3, farmers’ associations were 
beneficiaries of agricultural machinery based on 
the Philippine master list of farmer cooperatives 
and associations (FCA) in the Philippines from 
2019 to 2021. The selected FCA received numerous 
agricultural machines from RCEF and other 
government agencies, which they successfully 
utilized for custom services of its members. A 
structured questionnaire was prepared and used as 
interview guide. The interviewers had considerable 
latitude to emphasize specific lines of inquiry and 
tailor questions on the best practices, challenges, 
and opportunities of respondent’s mechanization 
services. Association’s history and profiles were also 
obtained including machine inventories and farm-
service profits.

Results and Discussion
Rice mechanization in the Philippines:  
a case of smallholder operations

Smallholder agriculture plays a vital role in the 
country’s economy as over 80% of the farmlands 
are less than 2 ha and close to 60% are within the 
range of 1 ha or less (Table 1).  Farm mechanization 
started in sugar cane production by few individuals 
and families with large tracts of lands. Mechanization 
was adopted in rice production in the mid-60s when 
modern varieties were introduced with improved 
agricultural technology (Bernas, 1985). In the 1970s, 
rice machines for land preparation (power tillers), 
crop establishment (rice transplanters), crop care 
(weeder, irrigation pumps), harvesting (mechanical 
rice reaper), threshing (axial-flow thresher), and paddy 
drying were developed and few were commercialized 
by local manufacturers (IRRI, 1986).   However, 
small landholdings, excess labor in the agricultural 
sector, and lack of capital constrained the adoption 
of these machines (IRRI, 1986; Paras and Amongo, 
2005).   Hegazy et. al. (2013) confirmed that the 
existence of small, fragmented landholdings is one 
of the constraints in the slow adoption of agricultural 
mechanization.  Paras and Amongo (2005) also 
believe that small size and non-contiguous rice fields 
seem to contradict the commonly accepted principle 
of economies of scale. On top of these, farm labor 
displacement was also a sensitive issue. 

A remarkable increase (93%) in the sales of power 
tillers was recorded in 1971 - 1975 when hoof-and-
mouth disease infested animals, particularly water 
buffalos that were used in land preparation (Bernas, Figure 2. Categories of mechanization model for small  

farm holders.
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his one-unit mechanical transplanter to few farmers. 
Typical in any start-up business, there were several 
setbacks and failures encountered. However, the 
business operation has improved through the owner’s 
active and continuing skills training in agriculture-
related ventures and through his linkage with the 
Department of Agriculture. The business expanded 
gradually after the Land Bank of the Philippines 
provided credit to procure additional farm machine 
equipment for custom services covering neighboring 
municipalities. From one mechanical transplanter, the 
owner now has PhP 10 M worth of farm machinery 
and equipment including four 4-wheel tractors, 
five mechanical transplanters, three rice combine 
harvesters, two paddy seed cleaners, and other small 
farm machines to service 100 ha per rice growing 
season. The payment scheme is either on a cash basis 
or a certain percentage of the harvest. Incentive is 
also given to farmers who sell their paddy rice to 
him after harvest through a contract agreement.   In 
addition to custom-service provision, the business 
also began the production of rice seedlings, which 
are grown in plastic trays ready for mechanical 
transplanting. This innovation provided added value 
to the existing mechanical transplanter for hire 
with additional packages of services such as seeds, 
seedling care, and seedling transport from seedbed to 
the field (Figure 3). This model has proven profitable 
and in-demand with a net income of 50% of the total 
cost of operations (Table 2). 

At present, the business has grown to offer services 
for the entire value chain of rice production from 
seed to rice through seed production, palay trading, 
rice milling, and marketing. It also provides free 
consultancy on best crop management practices 
of rice production through helping farmers access 
information from the internet and weather forecasts 
for effective cropping calendar. In addition, farm 
learning centers that teach proper land preparation, 
farm site development, and other management 
methods were established as corporate social 
responsibility and advocacy for farm mechanization. 

1985). Farm operations, specifically land preparation 
and threshing, have achieved significant levels of 
mechanization (Bingabing et al., 2015).  This finding 
was further supported by the study of Rodriguez and 
Piadozo (2016) in Laguna, which showed that 100% 
of the farmer respondents with landholdings of 1 - 1.7 
ha, owned two-wheel tractors and irrigation pumps.

Table 1.  Distribution of farmers by farm size (%) (Rice-based 
Farm Household Survey, 2016 - 2017).

Category (ha) Irrigated Rainfed All Ecosystems

2016 Wet Season

≤ 1.00 55 63 58

1.01 - 2.00 26 23 25

2.01 - 3.00 9 7 9

≥ 3.01 10 7 8

2017 Dry Season

≤ 1.00 55 70 59

1.01 - 2.00 27 20 25

2.01 - 3.00 10 5 9

≥ 3.01 8 5 8

 Sims and Kienzle (2016) discussed how the private 
sector can be involved in providing mechanization 
services to smallholder farmers. First is through 
group ownership, in which neighboring farmers 
join together to invest in agricultural machinery for 
its member’s utilization. Second is through service 
provision by an owner of an agricultural machinery, 
in which the owner-farmer attends first to his own 
needs and then supplies services to fellow farmers.  
This involves enterprising farmers or individuals with 
a background in agriculture and serves as business 
opportunities to invest in agricultural machines and 
provide services within the locality. These two types 
of models exist in the Philippines with the first model 
through farmers’ organizations or cooperatives being 
the more dominant way of the government to provide 
agricultural machinery through dole out or subsidy 
such as in the case of the RCEF Mechanization 
Program. 

Some examples of these farm mechanization 
models in the Philippines include:

Model 1: Mechanization through custom 
service provision by private enterprise

The Right Agri Development Incorporated. This is 
a family-owned business that caters the mechanization 
needs of more than 90 smallholder farmers in Isabela, 
a major rice-producing province. It is a custom service 
provider in rice production operations such as land 
preparation, planting, irrigation, harvesting, as well as 
marketing rice. The growing manual labor shortages 
in 2012 motivated the owner to ventured rentals of 

Figure 3. Custom-service provision of rice seedlings in trays 
ready for mechanical transplanting.
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Table 2. Cost and returns of custom-service provision from 
raising seedlings to mechanical transplanting.

Activity Cost (PhP ha-1)

Soils and seedbed preparation 1,000

Seeds 2,600

Seedling 1,000

Seedling care 1,100

Other labor 1,000

Mechanical transplanting 8,000

                                              Total 14,700

                                              Net profit 7,350

DR1 Farmtech Services. This is a business 
enterprise in Sta. Rita, Quezon, Nueva Ecija owned by 
Mr. Jonas Del Rosario, a 42-year-old AB Economics 
graduate with more than 16 years of experience in 
mechanized farming. 

The first mechanized rice seedling center 
certified by Kubota Philippines, it offers mechanized 
farm custom services mainly in land preparation, 
mechanical transplanting, and combine harvesting. 

In 2003, Del Rosario took over the management 
of their family-owned 50-ha rice production area. 
He then ventured into mechanized rice production 
due to operational problems in the field.  In manual 
transplanting, for example, his broker often provided 
insufficient numbers of farm workers resulting 
in  the delayed establishment of his crop.  He was 
also frustrated with manual transplanting due to 
uneven spacing between rows and the over or under 
populated seedlings per hill. He purchased his first 
farm machine - a 36hp Kubota 4-wheel-drive tractor 
in 2005, followed by rice combine, mechanical 
transplanters, and paddy hauler.  Today, his farm has 
expanded from 50 to 95 ha.  After fulfilling his farm 
needs, Del Rosario provided custom services (Table 
3) with different payment schemes (Table 4) to his 
co-farmers in 13 municipalities in Nueva Ecija and 
expanded in three municipalities in Tarlac, which 
totals 300 - 400 ha annual coverage.  

Table 3. Operations covered by DR1 Farmtech Services.

Farm Services Year Started

Land preparation services 2005

Combine harvesting 2012

Mechanized transplanting 2016

Selling seedlings grown on mats 2016

Paddy hauler 2020

Table 4.  Payment schemes offered by DR1 Farmtech 
Services.

Machine/Service Payment

Combine 
harvester

Starting: 14% of harvest
Present: 8% of harvest

Mechanical 
transplanter

PhP 11,000 ha-1 (USD 229.16 ha-1 
(within the municipality 
Succeeding: +10 km= + PhP 500.00 
or USD 10.45

Seedlings on mats   PhP 25/tray (pick up price); 
minimum of 300 trays for free 
delivery

Paddy hauler 70 - 80 bags per trip; PhP 15/bag

Operators and other workers are paid PhP 700 
- 500 ha-1 of operation with free meals and other 
needs, which shows how the business values its 
farmworkers. Eight laborers including the operators 
of two transplanters are usually deployed for every 
1-hectare field operation and an additional 2 - 3 
laborers per hectare increase.

Del Rosario and DR1 Farmtech Services have 
always been a step ahead in acquiring farm machines. 
He was not also spared from negative comments, 
which discouraged him and his business at one 
point in his journey. However, he did not pay much 
attention to his detractors; instead, he focused on his 
goals and devoted his time to learning innovations. 
With a successful partnership with Kubota, he was 
able to make a name in modern farming. 

Model 2:  Mechanization through  
farmers’ group initiative

Tabacao Primary Multi-purpose Cooperative 
(PMPC). The cooperative started with only 20 ha and 
16 members, which grew to 1,492 active members, 
covering an aggregate of 1,008-ha farmlands. It offers 
a wide range of services from palay buying and lending 
to custom-service provision of farm operations such 
as land preparation, combine harvesting, drying, 
and milling. In 2006, the cooperative ventured into 
mechanical drying of palay with rice hull as fuel 
source. In 2011, drying and milling facilities were 
also expanded with the installation of a solar drying 
pavement and acquisition of a one-unit rice mill.  
The cooperative has 54 machine assets, of which 40 
were acquired through bank loans and the rest are 
through donations from the government and private 
organizations. Some of the rice production machines 
include seven four-wheel-drive tractors (four units 35 
hp, and three units 90 hp), a walk-behind transplanter, 
multi-pass rice mill, three units of multi-tiller with 
complete implements and recirculating dryers, and 
four units of combine harvester. Combine harvesting 
has been one of the most sought-after services. Other 
farmers also bought their own combine harvesters 
due to great demand.
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The cooperative also partnered with a private 
company to supply a recirculating dryer in exchange 
for a milling service of brown rice and white rice. 
They produced around 150,000 and 90,000 cavans 
of rice during dry and wet seasons, respectively. 
In the dry season, rice produced is 80% hybrid and 
20% inbred. While the cooperative is currently 
extending 70% of the custom services exclusively 
to its members, it also provides services to 30% 
non-members in the community.  Covering four 
municipalities in Nueva Ecija, the cooperative is also 
into marketing brown rice in malls, nearby provinces, 
and other cooperatives in small and large-scale trade.   
The cooperative sells rice hull from their rice mills 
at PhP 2.50 per kilo while the rest is used as fuel for 
recirculating dryers to reduce operation costs. 

Model 3: Mechanization by government 
initiative through RCEF

Under the RCEF Mechanization Program, 
PhP 5 billion is allotted annually for agricultural 
mechanization to increase farmers’ productivity, 
profitability, and global competitiveness. The expected 
benefits of using agricultural machinery are (a) to 
reduce the cost of rice production by PhP 2 - 3 per kg 
through the use of accurate, effective, and complete 
set of machines and (b) to reduce postharvest losses 
by 3 - 5% through the use of appropriate and efficient 
postharvest machinery. One highlight of the program 
is empowering the FCAs through training, extension 
services, and enhancing their entrepreneurial capacity 
to operate, manage their farm machinery, postharvest 
and processing facilities in a viable, and sustainable 
manner (PHilMech, 2021a).  As of 2020, in spite 
of the pandemic, 1,018 units of farm machines and 
equipment had been distributed to 13 regions of the 
Philippines including Cordillera. (Table 5).  Some of 
the FCA recipients were interviewed and their stories 
are presented in this paper.

Table 5.  Farm machines distributed nationwide under the 
RCEF Mechanization Program as of 4th Quarter of 2020 
(PHilMech, 2021b).

Farm Machine Units

Four-wheel tractor 2,709

Hand tractor 3,744

Floating tiller 1,545

Precision seeder 146

Walk-behind transplanter 1,304

Riding-type transplanter 413

Reaper 1,524

Combine harvester 1,717

Mobile rice mill 157

Mobile recirculating grain dryers 4

Total 13,263
 

Davao Integrated Resource Cooperative 
(DIRCO). Located in New Corella, Davao del Norte 
with head office in Tagum City, the cooperative 
was started by the employees of the National Food 
Authority in 1992. It transformed into a farmers’ 
cooperative with 314 members and 171.5 ha of land 
area in 2012. In 2016, DIRCO received a hand tractor 
and floating tiller from the DA - Regional Field Office 
11. The cooperative then created payment scheme 
to help its members (Table 6).  In 2018, the board 
members submitted a proposal to the Office of the 
Provincial Agriculturist (OPA) to acquire additional 
machinery for custom-servicing. The cooperative 
was loaned one unit of 4-wheel-tractor, walk-behind 
transplanter, and combine harvester. Only 20% of 
their net income was given back to the OPA while the 
remaining 80% was retained as cooperative income.

In 2020, the cooperative applied for the RCEF 
Program on machinery and acquired a hand tractor, 
four-wheel tractor, floating tiller, riding-type 
transplanter, and combine harvester. They retained 
the same payment scheme for their machinery from 
OPA (Table 6). 

Table 6.  Machines acquired by the cooperative from the 
government and custom service payment scheme.

Machine Custom Service Payment Scheme

Floating tiller Free rent Operator fee:  
PhP 500 ha-1 + Fuel costs

Hand tractor Free rent Operator fee:  
PhP 500 ha-1 + Fuel costs

Four-wheel tractor Rental cost: PhP 2,000 - 3,000 ha-1, 
additional PhP 500 (non-members) 
+ Operator fee: PhP500 ha-1  
+ fuel costs

Transplanter Rental cost: PhP 4,500 - 5,000 ha-1 
(members), additional PhP 500 (non-
members) + Operator fee:  
PhP 500 ha-1 + fuel costs *from seed 
preparation to transplanting; 11-14 
DAS age of seedlings;

Combine harvester 8% of yield harvested (members), 
11% (non-members)

The cooperative cited the top three challenges 
they encountered in handling their enterprises:

• Maintenance of machines.  Repairing and 
maintaining machines are expensive. One 
broken machine heavily affects custom-
service enterprise. Thus, two permanent 
employees were hired and trained to focus on 
maintaining and repairing all machines. 

• High demand for custom-service.  Following 
DA‒PHilMech’s policy on servicing all rice 
farmers within 100-ha radius from their 
office, the cooperative struggles to serve 
members and non-members. In comparison 
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to the demand, the cooperative is still short 
in machinery. 

• No permanent operator. As most of the jobs 
are seasonal (i.e., land preparation, planting, 
harvesting), operators do not stay as they 
prefer regular source of income.

The cooperative also cited the top three reasons 
of their success:

• Providing jobs for the community. The 
growing custom-service enterprise enabled 
them to hire employees within their 
community. 

• Capital build-up. Capital grew through their 
enterprise, which they are using for salaries 
and other cooperative expenses. 

• Offer cheaper custom-service rates. They 
offer cheaper rates for farmer-members and 
lower rates for non-members (less than 2%).

Calitan Multi-Purpose Cooperative. It is located 
in Calitan, Panay, Capiz, covering three barangays 
(Agbanban, Calitan, and Candual) of the Agcalcan 
Agrarian Reform Community. Panay Founder 
and current chairman, Mabini Besino, has been 
leading the cooperative for 28 years since it was 
established in 1992. Besino retired from his work in 
the Capiz provincial military to focus on reviving 
the cooperative from its inactivity way back 1996. 
Since 2001, the cooperative grew to 210 farmer-
members with 129.5 ha of land area, linking 13 small 
farmer associations.  With its growing membership, 
it had to acquire machinery from government 
agencies. Besino’s positions as official chairperson 
of the Provincial Agricultural and Fisheries 
Council, member of the Provincial Agrarian Reform 
Coordinating Committee, and regional president 
of the Small Water Irrigation Systems Association, 
empowered him to write and submit proposals and 
requests. Since 2016, the cooperative acquired the 
following grants from various government agencies:

• PHilMech: one unit of four-wheel tractor, 
combine harvester, precision seeder, hand 
tractor, and floating tiller.

• DA-Regional Field Office 6: one unit of 
four-wheel tractor, combine harvester, hand 
tractor, multi-pass rice mill; and two units of 
reapers.

• Department of Agrarian Reform - Regional 
Office 6: four-wheel tractor.

• Natural calamities such as typhoons also 
damaged the cooperative’s properties. But 
with their continuous efforts, it re-invested in 

the construction of a palay shed (500-cavan-
capacity), cooperative office, and garage for 
machinery. 

The cooperative has an estimated total asset of 
PhP 3 - 5 million with zero liabilities. To further 
generate capital build-up, it developed a custom-
service enterprise with different payment schemes for 
each service (Table 7). 

Table 7.  Custom service payment scheme of the Calitan 
MPC.

Machine/Service Payment Scheme

Combine harvester 8:1 bag ratio (operator c/o MPC; fuel 
c/o client)

Flatbed dryer PhP 27/bag (member), PhP 30/bag 
(non-member)

Rice mill PhP 1.75 kg-1 (member) PhP 1.90 kg-1 
(non-member)

Around 20 - 30% of their net income is set aside 
for repair and maintenance costs. Employees’ salaries 
are on an honorarium basis, office hours are during 
weekends. Board members have an honorarium of 
PhP 200 a day during meetings and other cooperative 
activities. 

The cooperative cited the main challenges in 
handling their enterprise: 

• Moderate to extreme weather conditions 
affect the reservation schedules of combine 
harvesters for custom servicing, resulting in 
delayed harvests and lower quality of palay. 

• Loan payment. Some farmer-members 
fail to pay their loans on time resulting in 
opportunity cost of capital.

• Low meeting attendance. Some members 
are irresponsible and do not participate in 
cooperative’s events. 

Top strategies in their successful enterprise: 

• Transparency of records. All transactions 
have official receipts or newly signed vouchers 
(cash in and cash out). Members are regularly 
updated on the income statements and record 
of expenses. 

• Lead by example. Leaders set good examples 
to their members by living up to their positions 
and follow policies released by the board.

• Regular consultation with members. Before 
implementing policy, it is approved by the 
body with 25% of members in quorum.
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Summary and Conclusion
The paper shows that custom service provision by 

individuals and farmers’ groups are effective models 
in accelerating large-scale mechanization. This is a 
viable model for promoting mechanization because 
of the direct client-provider relationship through 
contract agreements. The payment scheme can also 
be flexible for small-farm holders, whether indirect 
cash or a percentage of the harvest.  The models 
have expanded farmers’ ventures to cover the entire 
value chain of rice production in the community. This 
shows the significant role of farmers’ cooperatives 
and their practical approach to develop and introduce 
mechanized farming to the locality. Furthermore, 
the current flagship program of the Department of 
Agriculture through RCEF would strengthen these 
cooperatives and the newly organized organizations 
to be more profitable and productive. While the 
landscape of agricultural land in the country is 
fragmented, which hinders economies’ scale in 
rice farming, the government should pursue land 
consolidation and farm clustering to facilitate large-
scale mechanization and maximize rice productivity.

Regardless of farm size, the provision of custom 
services from land preparation to harvesting and 
other operations is a feasible business enterprise. 
Farm mechanization, however, is highly capital-
intensive compared with other production inputs.  
Its application is quite complex especially for small-
holder farmers as machines do not only require 
proper operation but also infrastructure to ensure 
proper maintenance and repair. Through custom 
hiring services, smallholder farmers are able to gain 
the benefits of mechanization.  

The necessity to recognize the importance 
of drivers results in successful mechanization 
programs. To create an environment conducive 
for mechanization, all stakeholders particularly 
manufacturers and sellers of farm machines, farm 
service providers, farmers, and farm machine 
operators must be able to take profit from mechanized 
farming.  

While the role of the private sector is recognized 
as a catalyst in creating an environment that promotes 
mechanization, the role of the government is still 
considered vital.  Thus, farmers need to organize to 
be able to avail of government support.

To maximize the benefits derived from 
mechanization, there is a need to integrate 
mechanization technologies involved from production 
until postproduction operations.  Aside from ensuring 
timely operations and reducing possible postharvest 
losses, mechanization also eliminates the middle 
men; thus, maximizing income from rice farming.  
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Abstract
 During extreme drought periods when it is already too risky to plant rice, farmers are usually advised 

to plant other crops to maximize the use of limited water supply so they can have an alternate income source.  
Sweetpotato (Ipomoea batatas) is commonly planted in rainfed areas or during drought. In this study, the 
capillarigation system of Philippine Rice Research Institute was tried and evaluated as an alternative irrigation 
method for sweetpotato production and compared its performance with  manual irrigation. The experiment was 
carried out with four treatments, three of which were represented by the different settings of the capillarigation 
system to effect varying rates of water applications (T1: 100% depth of riser, T2: 50% depth of riser, T3: 25% 
depth of riser) and the farmers’ common practice of manual irrigation serving as the control (T0). Results showed 
that the vine length and  storage root length and width were not significantly affected by the treatments employed. 
However, the number of stem vines, storage root weight, and water productivity were significantly influenced. T1 
significantly had the highest average storage root weight of 196.9 kg. On the other hand, water productivity was 
significantly highest in  T3 with 394.5g harvested root per liter of water used.

Keywords: Capillarigation System, Climate Change, Drip Irrigation, Drought, El Niño, Irrigation, Sweetpotato

Introduction 
The entire  world is experiencing climate change.  

The World Meteorological Organization (WMO) 
reported an increasing trend in the global annual 
mean temperature in the past 45 years. Their recent 
reports showed that  2020 was one of the three 
warmest years (2016 as warmest) on record, which 
is 1.2 ± 0.1 °C above baseline years of 1850 -1900 
(WMO, 2021).  Climate change has been affecting 
the lives and livelihood (WMO, 2021) especially in 
the developing countries (Porio et al., 2018). In the 
Philippines, the agricultural sector is highly affected. 
In 2016, for example, there was a decrease in rice 
production due to typhoon occurrences, dry spell, 
and drought (PSA, 2018).  

Rice production requires a lot of water, estimated 
to be on the average of 1,432 L per kg of paddy grains 
produced under an irrigated lowland production 
system.  Thus, planting rice during periods of 
forecasted El Niño or when there is uncertainty of 
water supply is risky (Stuecker et al., 2018; Lansigan 
et al., 2000).  Initial investments such as land 
preparation, seeds, and fertilizer may be wasted if the 
available water supply is no longer enough to sustain 
the growth of the rice crop. With this, farmers ought 
to adapt crop diversification so that their income will 
not be solely dependent on rice production.  Thus, an 
alternative crop like sweetpotato, which is drought 
tolerant and requires  less water (Siqinbatu et al., 
2014) than  rice can be planted. Sweetpotato can also 

substitute rice as staple food (Portilla and Pagaduan, 
2014).

Sweetpotato production has high potential of 
increasing farmers’ income. It ranked 5th in terms 
of value of production with PhP 1.054 million value, 
next to onion, mango, string beans, and coconut (PSA, 
2021b). Central Luzon is the third largest sweetpotato 
producer in the Philippines with 10.1% share in 
546.89 thousand MT produce (PSA, 2021a). In this 
region, 73.8% of the 2020 sweetpotato production is 
accounted from Tarlac (PSA, 2021b); thereby, making 
the province the largest commercial producer of 
sweetpotato (Pagcaliwangan, 2016).

Although  sweetpotato is  drought tolerant and can 
withstand limited water (Siqinbatu, 2014), irrigation 
is still critical as it affects root yield. Decreased water 
supply resulted in  decreased storage root weight 
(Ekanayakem and Collins, 2004; Felix et al., 2015) 
while  excessive water also affects root development 
(Pardales and Yamauchi, 2003). Thus, the  need to 
check water management. 

Technologies like drip irrigation is an efficient way 
of utilizing water (Maisiri et al., 2005; Megersa and 
Abdulahi, 2015). However, the system needs relatively 
high initial investment (Ali, 2022; Rowe et al., 2014). 
Thus, a more economical water efficient system like 
the capillary irrigation technology or capillarigation 
developed by the Philippine Rice Research Institute 
(PhilRice), which makes use of capillary wicks (Orge 
and Sawey, 2019)  can be employed.

FULL PAPER
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The system of irrigating  plants by capillary action 
has been adopted in several studies (Semanda, 2018). 
However, research on this area has not progressed for 
large scale plant production (Million et al., 2007). The 
capillarigation system showed good performance in  
green pepper fields (Orge and Sawey, 2019), paving 
opportunities in exploring its application to other 
crops. 

This study evaluated the applicability of the 
capillarigation system for sweetpotato production. 
Specifically, it aimed to: (a) set-up the system in plots 
prepared for planting sweetpotato, (b) determine 
the volume of water applied in relation to system’s 
setting, and (c) evaluate system performance in terms 
of the crop’s agronomic characteristics and yield 
parameters.

Materials and Methods
The capillarigation system components

This experiment used the capillarigation system 
developed by the Philippine Rice Research Institute 
(PhilRice) as a low-cost alternative to drip irrigation 
of rice-based crops especially when water supply is 
limited and that planting of rice is no longer possible.  
Its layout is almost similar to the drip irrigation 
except that capillary wicks are used as means of 
dispensing water (Figure 1) instead of the emitter or 
dripper, which is typically used in the drip irrigation 
system.  It was designed to be a do-it-yourself type 
of irrigation system maximizing the use of local 
and recycled materials.  More details in the design 
and setting up of the system are provided in the two 
publications of Orge and Sawey (2017, 2019).

Figure 1.  Schematic layout of the capillarigation system 
(Orge and Sawey, 2017)

In this study, a 200 L plastic cylindrical container 
was used as water tank and a 16 L plastic pail as water 
level limiter.  For the water supply and distribution 
lines, a 12.5 mm (1/2”) diameter PVC pipes cut into 
desired lengths were used and complemented with 
PVC tee fittings and elbows.  The same size of PVC 
was also used for the risers, which were individually 
cut into 18 cm length.  Commercially available cotton 
rope was used as capillary wicks.  To minimize water 
loss due to evaporation, each wick was covered with 
recycled plastic drinking straw.

Field layout and establishment

This study was conducted in Brgy. Paul, 
Mangatarem, Pangasinan from August 2020 to June 
2021. The field used was idle (fallowed) prior to 
the setting up of this study.  Land preparation was 
done using 4W tractor-mounted rotavator to remove 
the weeds and loosen the soil to attain a good tilth 
suitable for planting.

To create variations in the rate of application of 
water using the capillarigation system, the depth 
of water relative to the height of the riser varied in 
this study by changing the location of the float valve 
relative to the height of the 16 L pail used as water 
level limiter.  This variation resulted incorresponding 
changes in  the freeboard i.e., the difference in height 
between the riser and the water level inside the riser.

Table 1 presents the treatments of the study.  T1, 
T2, and T3 represent the settings of the capillarigation 
system, which were described in terms of the volume 
of water inside the water level limiter with its height 
corresponding to the height of water in the riser.  In 
T1, for example, the amount of water in the secondary 
tank is 7 L, which corresponds to a fully filled riser.  
On the other hand, in T3, the 2 L volume of water 
in the secondary tank corresponds to a riser that has 
only a water height of ¼ (25%) of its height.  Manual 
irrigation was also added in the treatment to serve 
as the control (T0) and as  basis in comparing the 
performance of the capillarigation system with the 
existing irrigation practice.  

Table 1.   Treatment used.

Treatment Code Description

T0 Control; manual irrigation

T1 Capillarigation setup; 7 L maximum 
level; 100% depth of riser (every 
other day monitoring)

T2 Capillarigation setup; 3 L maximum 
level; 50% depth of riser (once a 
week monitoring)

T3 Capillarigation setup; 2 L maximum 
level; 25% depth of riser (once a 
month monitoring)
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Figure 2 shows a setup of the capillarigation 
system, typical for T1, T2, and T3. As shown, the 
distance between rows (ridge) was 100 cm and each 
row had an effective length of 3 m just enough to 
accommodate 10 hills of sweetpotato spaced at 30 cm 
between hills.  Each hill was planted with 1 cut vine.  

2. Plant parameters. Data were collected 
immediately after harvesting. Plant parameters 
were determined in terms of the following:

a. length and width of storage roots

b. length of sweetpotato vines

c. number of the vine stems 

3. Yield. This was determined by taking the 
root yield of five randomly selected plants 
representing each treatment.  

4. Water productivity.  This was computed using 
the formula:

Ewu = Y/Vt

Where: 

Vt = total accumulated volume of water 
applied throughout the crop growth. 

Y= total crop yield in the area

Data analysis 

Data were analyzed in a randomized complete 
block design using Statistical Tool for Agricultural 
Research (STAR). Further analysis was run by STAR 
for comparison of treatment means using Least 
Significant Difference (LSD).

Results and Discussion 
General information

Figure 3 shows the capillarigation system 
established in plots planted with Super Bureau variety 
(VSP 6). Aside from being easy to assemble, the 
system components can easily be purchased in local 
stores (Appendix Table 1). The sweetpotato planting 
materials were sourced out from the Rootcrops 
Research and Training Center based at the Tarlac 
Agricultural University, Malacampa, Camiling, 
Tarlac. Two rainfall occurred during the study; 
however, these were not documented.  Sweetpotatoes 
were harvested after 4 months from the planting date.

Data gathered 

The following data were used in evaluating 
the performance of the capillarigation system 
(represented at different settings) relative to that of 
the control (manual irrigation):

1. Volume of water applied.  For the plots using  
the capillarigation system, the volume of 
water supplied  to the plants was determined 
based on the total amount of water added to the 
initially-filled tank devoted for each treatment.   
For the control, volume of water was supplied 
through  a plastic pail. The volume of water 
applied per plant was computed using the 
formula:

V= Vt  / n

Where: 

Vt = total accumulated volume of water 
applied throughout the crop growth

n = number of plants

Figure 2.  Layout of the capillarigation system established  
for sweetpotato production in the study.
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Figure 3.  The capillarigation system installed in sweetpotato plots.

Volume of water supplied

As shown in Figure 4, the highest volume 
consumed in the whole duration of cropping was T1 
(235 L). This is followed by the control setup with 
160 liters. T2 and T1 were supplied with 47 L and 8 
L for the whole growing season, respectively. It was 
observed that storage roots were still produced in 
T2 and T3, which indicates that sweetpotato can be 
grown during scarce water conditions.  

Figure 4.  Total volume of water applied in each of the 
treatments.

Growth parameters

The capillarigation system was evaluated based 
on sweetpotato agronomic characteristics including 
storage roots yield. Table 2 shows the growth 
parameters of sweetpotato in terms of vine length and 
number of vines. T1 has the longest vine produced, 
followed by control, T2 and T3. However, analysis of 
variance showed  that vine length is not significantly 
different among treatments. Li et.al (2021) found that 
more water promotes growth of sweetpotato shoot. 
Similarly, vine lengthened with increased irrigation 

(Gajanayake and Reddy, 2016). It can be noted that 
these  studies involved deficit irrigation treatments, 
which is not the case in this research. 

Result of this study agrees with Sokoto and Gaya 
(2016), which concluded that irrigation interval had 
no significant effect on the vine length because 
the supplied water was sufficient enough for vine 
growth. On the other hand, the average number of 
vines had significant differences among treatments 
with T1 having  the most number of vines. This was 
followed by those plants under control, and then T2 
and T3 which were not significantly different from 
each other. Gomes and Carr (2001) showed that vine 
production is higher in wet season than in dry season. 
Vine number also increased with more irrigation 
(Saqib, et.al, 2017). Both the length and number of 
vines contributed to the vine yield. Furthermore, 
increasing irrigation frequency caused higher vine 
yield (Saqib, et al., 2017, Biswal et al., 2017). Above-
ground growth can be increased to promote source 
capacity,  which leads to higher vine yield and 
eventually, high harvest (Li et al, 2021). 

Table 2.  Growth parameters of sweetpotato under different 
treatments

Treatment Vine 
length, cm

No. of  
vines

T0 - Control; Manual Irrigation 196.0 3.8 ab

T1 - 7 L maximum level; 100% 
depth of riser 213.8 4.4 a

T2 - 3 L maximum level; 50% 
depth of riser 189.0 3.4 b

T3 - 2 L maximum level; 25% 
depth of riser 146.6 3.6 b

ns *
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Yield parameters

Storage root length, storage root diameter, 
and storage root weight increase with irrigation 
frequency or shorter irrigation interval (Saqib et al., 
2017; Nedunchezhiyan et al., 2012). However, this 
is not the case for this study’s storage root diameter 
and length (Table 3). All treatments produced roots, 
which length and width do not significantly differ 
from each other. This can be due to the insignificant 
difference in vine length, which directly affects yield 
parameters (Saqib, et al., 2017). Root length and 
diameter were higher in longer irrigation intervals; 
however, root diameter does not significantly vary 
(Abu El-Fotoh, et al., 2019). Storage root length and 
width are parameters related to assessing quality of 
harvest (Bryan et al., 2003; Abd El-Baky et al., 2010; 
Villordon et al., 2018). All treatments in this study 
produced relatively similar quality of storage roots 
while the weight of harvested roots significantly 
varied (Table 3). Storage roots weight was highest 
in T1, followed by control, T3,, and T2 (Figure 5). 
This can be attributed to the vine yield in each of 
the treatment. Increasing irrigation frequency also 
increased root yield (Nedunchezhiyan et al., 2012), 
which is supported by the yield result from  T3, T1, 
and control irrigation. However, T3 produced higher 
storage roots yield than T2, which was watered more 
frequently. This could mean that certain irrigation 
level could affect storage root yield.  Almost similar 
observations were also noted by Thompson, Smittle, 
and Hall (1992); Gajanayake and Reddy (2016); and 
Li et al., (2021). This is where water use efficiency 

or water productivity comes in to assess the resource 
utilization of a technology (Maisiri et al., 2005; 
Mergesa and Abdulahi, 2015).

Water productivity

In this study, water productivity was significantly 
affected by the different treatments (Figure 6). It can 
be observed that T3 with a maximum water level of 
2 L or 25% depth of riser had significantly highest 
storage root produced per liter of water supplied  with 
394.50 g per liter. It is followed by T2 with 57.28 g of 
storage roots produced. Control and T1 produced 20.58 
and 17.69 g of storage roots per liter, respectively. 
While other studies showed that increasing irrigation 
levels increased water use efficiency (Laurie, Plooy 
and Laurie, 2009; Mantovani et al., 2013; Zhang et 
al., 2018), this study matches  results gathered by 
Nedunchezhiyan, Gangandhara, Ray (2012) and Li et 
al., (2021), who found that water is more efficiently 
utilized at lower irrigation levels. This may indicate 
that with less amount of water applied through 
capillarigation, especially in T3 and T2, sweetpotato 
can maximize or save water resource. This also shows 
that sweetpotato, despite limited water supply, can still 
be productive (Siqinbatu et al., 2014).  It should also 
be noted that the crop was established during the last 
two  months of rainy season and first 2 months of dry 
season. Solis et al. (2014) reported that soil moisture 
status for the first 30 days after transplanting (DAT) 
affected root development. Despite T3 having very low 
amount of irrigation, the rainfall occurrences might 
have supplied just enough moisture within 30 DAT; 

Table 3.  Sweetpotato yield parameters of the different treatments.

Treatment Storage root  
length (cm)

Storage root  
width (cm)

Storage root  
weight (g)

T0- Control; Manual irrigation 3.49 1.98 164.60 b

T1 - 7 L Maximum level; 100% depth of riser 4.48 2.40 207.80 a

T2 - 3 L Maximum level; 50% depth of riser 3.93 1.83 134.60 c

T3 - 2 L Maximum level; 25% depth of riser 3.31 1.88 157.80 bc

ns ns *

Figure 5.  Total actual weight of harvested sweetpotato 
storage roots from each treatment.

Figure 6.  Water productivity of each treatment.
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thereby, producing storage roots. Certain genotypes 
have the ability to be productive amid less water 
(Solis et al., 2014; Andrade et al., 2016), which could 
mean that the variety used in this study might also 
be drought-tolerant. Irrigation method did not affect 
water use efficiency (Onder et al., 2015). Results from  
T1 and control, which employed different irrigation 
systems, were not significantly different. However, 
if storage root yield is considered, T1 showed more 
advantages. 

Conclusion
In this study, the PhilRice-developed 

capillarigation system was used to irrigate 
plots planted with sweetpotato and compared its 
performance, measured in terms of the crop’s 
growth (number of vines and vine length) and yield 
parameters (storage root dimensions and weight), 
with the traditional, manual method of irrigation. 
The capillarigation system was operated in  three 
settings, each setting representing a treatment, with 
the manual irrigation as the control.  The following 
conclusion are drawn from the study results: 

1. The capillarigation system can be an 
alternative irrigation method for sweetpotato. 
Under optimum setting, water application is 
more efficient than the conventional practice 
of manual irrigation; 

2. The adjustments on the water level at the 
secondary tank, which were  represented by 
the three treatments (T1, T2, and T3), can be a 
practical way of varying the water application 
rate.  Results show that a 100% level setting 
(T1) led to the highest crop yield while the 
highest water productivity was recorded at 
25% (T3).  Setting to be used is based on field 
condition.  T3 setting could be the best option 
in areas with limited water. However, if water 
supply is good, the best option is to target for 
the highest yield;

3. The installation of the capillarigation system 
may require an added cost.  However, this 
can be compensated by savings in labor cost 
as once installed, the plots are already self-
watering.  System components can also be 
made from recycled materials, which can 
significantly lower down its investment cost.
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Annex Table 1.  Cost of materials for the capillarigation setup (3 treatments).

Materials Quantity/Unit Unit Price Actual Cost (PhP)
Plastic drum (200 L) 3 pcs 700 2,100.00
Plastic pail (16 L) 3 pcs 100 300.00
Plastic floater 3 pcs 50 150.00
PVC pipes, 12.5 mm (1/2 in) x 3m 20 pcs 20 400.00
Cotton rope 1 roll 50 50.00
Plastic faucet 3 pcs 20 60.00
Plastic drinking straw 1 pack 20 20.00
PVC tee fittings 35 pcs 10 350.00
Sealants 2 tubes 35 70.00
Elbows, 12.5 mm (1/2 in) 9 pcs 10 90.00
Material Cost 3,590.00
Labor Cost 1,200.00
Total Cost 4,790.00
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Abstract
 A fast and simple alternative method based on near-infrared reflectance spectroscopy (NIRS) was developed 

to analyze rice endosperm protein content (PC) and amylose content (AC). The spectral data and the measured 
values for PC and AC of different rice varieties and elite lines were collected to create a diverse calibration 
dataset. Modified partial least square (mPLS) method was employed to create an optimal calibration model 
for the two parameters using milled rice and flour samples. Results showed that the calibration models made 
with flour samples were more reliable than milled rice as indicated by the higher coefficient of determination 
(R2), lower standard error of calibration (SEC), and standard error of prediction (SEP). Moreover, the developed 
calibration models for rice flour provided good prediction results for PC and AC with a relatively acceptable ratio 
of prediction to deviation (RPD) values of 4.0 and 2.5, respectively. Results of external validation test showed 
that the prediction accuracy of PC calibration model was 96.46 and 95.84% for AC suggesting that these models 
could accurately measure the PC and AC values of unknown samples. These findings demonstrate the feasibility 
of NIRS-based screening method for high-throughput and reliable measurement of PC and AC in rice grains. 

Keywords: Amylose Content, Calibration Model, Modified Partial Least-Squares, Near-Infrared Spectroscopy,  
Protein Content  

Introduction 
Aside from yield increase and resistance to abiotic 

and biotic stresses, grain quality improvement has 
been the target of the rice breeding program to develop 
new varieties that are highly acceptable to consumers 
(Lou et al., 2009). Through the National Cooperative 
Testing (NCT) program and pre-NCT grain quality 
(GQ) screening studies, Rice Chemistry and Food 
Science Division of the Philippine Rice Research 
Institute (PhilRice) receives more than 1,000 rice 
breeding materials annually from various breeding 
groups and institutions for GQ evaluation. Rice grain 
quality is assessed based on milling yield, physical 
attributes, physicochemical properties (PCPs), 
and nutritional quality (Asante, 2017). From the 
consumers’ perspective, rice starch PCPs are primary 
considerations because these determine the cooking 
and eating quality of rice and its marketability (Hori 
et al., 2016). Among these PCPs, amylose and PC 
greatly influence rice eating quality. Amylose is the 
key indicator of the texture of cooked rice. High 
amylose rices are hard and fluffy while low amylose 
rices tend to have soft and sticky grains when cooked. 
PC is more likely associated with the nutritional 
quality of rice. Although PC is not a major part of rice 
breeding selection, it significantly affects the cooking 
and eating qualities of cooked rice grain due to its 

interaction with water during cooking. Consumers 
less prefer rice varieties with high PC because of their 
harder and less sticky cooked grains (Jimenez et al., 
2019). These rice constituents are routinely measured 
in the laboratory using conventional methods, 
which are laborious, time-consuming, costly, and 
generate huge amounts of harmful chemical wastes. 
Therefore, there is a need for a rapid, cost-reducing, 
safe, and accurate alternative method to fast-track the 
screening of rice breeding materials with excellent 
eating quality. 

NIRS is a robust analytical technique due to its 
capability for fast and reliable measurement of quality 
attributes of foods and feeds (Cen and He, 2007). The 
NIRS machine can analyze various constituents in 
food and agricultural products such as cereals and 
cereal-based products, milk and dairy products, 
meat, fish, fruits and vegetables, confectionery, 
and beverages (Osborne, 2006a; Champagne et al., 
2001). It is also adopted for the quality screening of 
germplasms in cereal breeding programs (Osborne, 
2006b). Compared with conventional laboratory 
methods, NIRS technology offers many advantages 
such as simple operation, quick, reliable, cost-
effective analysis, safe, and environment-friendly 
as no hazardous chemicals are used. The machine 
can also concurrently measure several constituents 
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in a single run (Osborne, 2006a). Hence, the NIRS 
technology would be a suitable alternative method for 
grain quality screening in the rice breeding program, 
in which hundreds of rice lines are submitted for 
analysis.  

The NIRS technology is recognized as a fast 
and straightforward method. The instrument’s 
versatility can be achieved through accurate and 
robust calibration models that are developed for 
target quality traits. Calibration development 
involves the following: (1) collection and processing 
of NIR spectra of rice samples; (2) determination of 
reference data using conventional laboratory methods 
and combining them with spectral data to build a 
calibration dataset carrying all chemical and physical 
variations to be expected in the samples from an 
unknown population; (3) establishment of optimum 
calibration models and elimination of outliers; and 
(4) internal and external validation of the developed 
calibration models to assess their prediction accuracy 
(Li et al., 2020).  

NIRS has shown the potential of predicting 
various rice grain quality parameters. Prediction 
models for rice moisture, protein, amylose content, 
and gelatinization temperature of whole brown rice 
(Bagchi et al., 2016), milled rice, and flour samples 
were previously developed (Bao et al., 2001; Bao 
et al., 2007a; Natsuga and Kawamura, 2006; Wu 
and Shi, 2007; Xie et al., 2014). Furthermore, NIRS 
calibration models for rice grain milling quality (e.g., 
degree of milling, surface lipid content, grain color, 
and whiteness index), rice flour pasting viscosity, 
and cooked rice textural properties analyses were 
also reported (Srikham and Noomhorm, 2015; 
Siriphollakul et al., 2015; Fazeli et al., 2021a; Bao 
et al., 2007a; Champagne et al., 2001). However, the 
calibration models previously reported may not be 
reliable to satisfactorily measure the target traits of 
other rice samples especially when they are locally 
cultivated. Thus, all possible variations may not 
be covered in their calibration set. The sampling 
technique and wavelength range used during spectra 
collection and the conventional methods employed in 
determining the reference values are also different 
from those used in the present study. Thus, the 
need to develop and validate new prediction models 
compatible with the Philippine rice samples. 

NIRS technology has been adopted by breeders in 
some rice-producing countries to facilitate efficient 
evaluation of breeding populations for grain quality 
traits. However, it has not been fully explored in the 
Philippines, particularly in screening the elite lines 
during early selection stages of the rice breeding 
program. Furthermore, no similar studies were 
conducted using a diverse set of Philippine rice 

samples and elite lines. The present study developed 
prediction models for rapid and reliable analysis of 
rice PC and AC to facilitate efficient delivery of grain 
quality data that will significantly help in breeding 
high-yielding Philippine rice varieties with excellent 
eating quality.  

Materials and Methods
Rice samples

There were 600 rice samples, including National 
Seed Industry Council (NSIC)-approved varieties 
and NCT promising lines, used in this study. These 
samples were grown in the Philippine Rice Research 
Institute Central Experiment Station (CES) from 2018 
Dry Season (DS) to 2020 Wet Season (WS). Rice 
grains were dried up to 12 - 14% moisture content and 
aged for at least two months at room temperature prior 
to analysis. Rice samples were dehulled in Satake 
testing husker (Satake Co. Japan), polished using a 
rice miller tester (Grainman 60-115-60-2AT, Grain 
Machinery Manufacturing Corporation, USA), and 
ground in a Cyclone Sample Mill (UDY Corporation, 
USA) equipped with a 0.5 mm screen. 

Spectra collection  

Reflectance spectra of milled rice and flour 
samples were collected using a visible or near-infrared 
scanning spectrophotometer (NIR System DS 2500 
Analyzer, FOSS) through ISIscan Nova version 
8.0.6.2. The spectra were collected continuously using 
400 - 2500 nm wavelength and recorded as log (1/R) 
at 2 nm increments. The spectral data were processed 
with Foss Mosaic Solo version 8.0.4.12. The scanned 
data was exported and utilized with WinISI Project 
Manager version 4.12.0.15440. The average spectrum 
of each sample was used for further analysis. 

Determination of reference values

Rice AC was measured based on the pH 9.2 
iodine colorimetric method of  Juliano et al. (2012).   
Exactly 100 mg flour was weighed and transferred 
into a 100-mL volumetric flask then added with 1 
mL of 95% ethanol to wet the samples and disperse 
the clumps. The sample was soaked in 9 mL of 1N 
NaOH and incubated for 18 - 24 h to gelatinize the 
starch fraction. After which, the solution was diluted 
to 100 mL with distilled water. About 5 mL of the 
sample was transferred to a 100-mL volumetric 
flask and diluted with approximately 50 mL distilled 
water. The solution was added with 1 mL of 0.9 M 
NH4Cl, swirled gently, then added with 2 mL of 
iodine reagent (0.15% iodine in 1.5% KI) and diluted 
to 100-mL mark with distilled water. Absorbance was 
measured at 620 nm within 20 - 60 min incubation 
using UV-Vis spectrophotometer (Shimadzu UV-
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1280, Japan). AC was calculated based on the standard 
curve generated from potato amylose and milled rice 
undefatted checks.

The PC of rice was analyzed using the Kjeldahl 
method. Rice flour (0.3 g) was weighed and 
transferred into a digestion tube and added with 1 
Kjeltabs catalyst and 5 mL of concentrated sulfuric 
acid (H2SO4). The tubes containing the samples 
were placed in the digestion block and heated gently 
at 420oC until the solids became a clear solution. 
After cooling, the digested samples were added with 
approximately 25 mL of distilled water to dissolve 
the crystalline residue. The samples were distilled 
and titrated with 0.05N H2SO4 using a Kjeltec 
protein autoanalyzer (Velp DK-159, Italy) following 
the manufacturer’s instructions. The crude PC was 
computed using the formula:  

models. RPD indicates the suitability of the created 
calibration equations to predict the target constituent. 
With a higher RPD value, the calibration model will 
more likely predict the right sample values (Porep et 
al., 2015). External validation was performed using 
another set of unknown samples that were not part of 
the calibration dataset to check the actual prediction 
performance of the calibration models.

Results
Spectral profile and reference data  

NIR spectra provide vital information on the 
different functional groups (e.g., C-H, O-H, and 
N-H bonds) of measured constituents in the tested 
samples. Figures 1A and 1B show the NIR spectra 
of the milled and rice flour samples used in the 

 

PC (%) = 
        [ Vol H2SO4(sample) - Vol H2SO4 (blank)] x N H2SO4]         

X 0.014 X 5.95 X 100 
                                          weight of sample (g)

Calibration and validation procedures

Calibration datasets for milled rice and flour 
samples were created separately. Calibration was 
performed using WinISI II Project Manager version 
4.10.0.15326. Principal component analysis was run 
and the generalized Mahalanobis distances, also 
known as Global H distance (GH), were computed for 
each spectrum to remove the outliers. The remaining 
samples in the calibration dataset were divided 
into two subsets: (1) calibration subset to develop 
the calibration models and (2) internal validation 
subset using 75 samples to evaluate the prediction 
performance of the developed calibration models. 
Using modified PLS, calibration equations were 
developed on the first derivative of reflectance and 
transmittance spectra (math treatment, D = 1, G = 
4, S1 = 4, S2 = 1) and standard normal variance and 
de-trend (SNVD) scatter correction. D represents the 
derivative order number (1 means first derivative); G is 
gap (the number of data points over which derivation 
is computed); S1 is the number of data points in the 
1st smoothing, and S2 is the number of data points in 
the 2nd smoothing, which is normally set at 1 for no 
2nd smoothing (Bao et al., 2001). NIRS calibration 
models were assessed based on the computed SEC, 
coefficient of determination for calibration (R2), 
coefficient of determination (1-VR), and standard 
error of cross-validation (SECV). However, the 
prediction performance of the developed calibration 
models was evaluated based on the coefficient of 
determination for internal validation (r2) and SEP. 
Moreover, the RPD or SD/SEP ratio was also used to 
determine the precision of the developed calibration 

calibration model development. Although the 
patterns were similar, the NIR spectra of milled rice 
samples had a stronger energy absorption and were 
more segregated and scattered than flour samples. 
The different particle sizes of grains (whole and 
broken grains) probably caused the scattering of 
spectral fingerprints among milled rice samples. The 
uniform and smooth spectra of flour samples could be 
due to their finer and homogenous particle size. The 
first derivative of the raw spectra was presented to 
clearly visualize prominent peaks associated with the 
absorption bands of the functional groups of target 
constituents. Sharp absorption bands around 996 - 
968, 1205 - 1206, 1344 - 1345, 1404 - 1405, 1560 - 
1562, 1775 - 1779, 1932 - 1934, 2113 - 2115, and 2306 - 
2310 nm were observed for both milled rice and flour 
spectra (Figures 1C and 1D). These wavelengths can 
be associated with differences in starch composition 
(amylose and amylopectin), protein, and other 
biochemical constituents of the rice grain.

The means, ranges, and standard deviations of 
each parameter of the milled rice and flour sample 
sets are summarized in Table 1. Amylose ranged 11.15 
- 26.28%, covering the low to high AC classifications. 
The AC histogram showed that majority of the samples 
were representative of intermediate rice types with 
17.1 - 21.0% AC followed by high (>21.0%) and low 
AC rices (10.1 - 17.0%) (Figure 2A). Some waxy and 
very low AC rices were also included, but they were 
tagged as outliers and eventually omitted from the 
calibration dataset. Large variation was observed in 
the PC of the selected samples, ranging from 4.93 to 
11.65% (Table 1). Based on the frequency distribution 
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Figure 1. NIRS whole spectra of rice samples based on (A) milled rice and (B) rice flour group 
covering the visible and NIR region (400 - 2400 nm wavelength) and their corresponding first 
derivative spectra (C, D). 
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Table 1. Means, ranges, and standard deviations (SD) of the reference values for PC and AC of rice 
samples in milled rice and flour sets.

Calibration Internal Cross-validation

N Range (%) Mean SD N Range (%) Mean SD

Milled rice
Constituent
PC 469 4.93 - 11.65 7.23 0.97 75 5.40-8.61 7.23 0.97
AC 516 11.15 - 26.28 19.56 2.51 75 11.59-27.76 19.56 2.51

Flour
Constituent
PC 410 5.03-11.65 7.13 0.90 75 5.40-8.61 7.14 0.89
AC 474 11.15-26.28 19.58 2.53 75 11.59-27.76 19.58 2.34

N = number of samples; SD = standard deviation 

Figure 2. Histogram of (A) PC and (B) AC reference values used in calibration model development.    
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of PC values, most samples in the calibration dataset 
had 5.0 - 8.0% PC, the typical PC of milled rice 
samples (Figure 2B). 

Calibration and validation  
for the milled rice set

Of the 600 rice samples, 469 and 516 entries were 
retained for PC and AC calibration set, respectively, 
and 75 entries were used in the internal cross-
validation to check the performance of calibration 
models. Using mPLS regression analysis, a good 
calibration model was developed for PC and AC 
based on milled rice spectra as indicated by relatively 
high R2 and 1-VR and low SEC and SECV. However, 
PC calibration model had a higher R2 (0.93), 1-VR 
(0.91) and lower SEC (0.26) and SECV (0.28) than 
the AC calibration model. Internal cross-validation 
produced low SEP (0.29) and high r2 (0.92) values 
for the PC calibration model. For the AC calibration 
model, the computed SEP and r2 values were 1.34 
and 0.73, respectively (Table 2). Moreover, the scatter 
plot of predicted and reference laboratory values for 
PC showed stronger linear relationships than the AC 
calibration model (Figures 3A and 3B). The good 
predictive capacity of the milled rice PC calibration 
model was further confirmed by the higher RPD 
value (3.40). 

Calibration and validation for the flour set 

After omitting the outliers, 410 and 474 entries 
were retained to develop PC and AC calibration models 
using flour samples. The calibration and internal 
cross-validation statistics were improved compared 
with their milled rice counterparts, particularly for the 
AC calibration model. The computed R2, SEC, SECV, 
and 1-VR values were 0.95, 0.20, 0.21, and 0.95 for 
PC and 0.84, 1.00, 1.25, and 0.75 for AC, respectively. 
The SEC and SECV for both models were lower than 
those obtained in the milled rice set, suggesting that 
the developed flour-based calibration models were 
better than the milled rice set (Table 2). Moreover, 
internal cross-validation resulted in higher r2 and 

Table 2. Calibration and internal cross-validation statistics for PC and AC in milled rice and flour samples.

Calibration Internal Cross-validation

SEC R2 SECV 1-VR r2 SEP RPD Slope

Milled rice
Constituent
PC 0.26 0.93 0.28 0.91 0.92 0.29 3.40 1.00
AC 1.28 0.74 1.63 0.58 0.73 1.34 1.90 1.01

Flour
Constituent
PC 0.20 0.95 0.21 0.95 0.94 0.23 4.00 1.00
AC 1.00 0.84 1.25 0.75 0.84 1.03 2.50 1.00

SEC = standard error of calibration; RSQ = coefficient of determination for calibration; SECV = standard error of cross-validation; 1-VR = 
variance ratio r2 = coefficient of determination for internal cross-validation; SEP = standard error of prediction; RPD = the ratio of SD/SEP. 

lower SEP for both constituents. This indicates that 
the flour-based calibration models can predict PC and 
AC with high accuracy. Accordingly, the regression 
plot demonstrated better quantitative correlations 
and a stronger relationship between the predicted and 
laboratory PC and AC values (Figures 3C and 3D). 
Dots were closely scattered within the target line and 
the gap was narrower than in the regression plot of 
milled rice set. Based on RPD values, the PC (4.00) 
and AC (2.50) calibration models were considered 
good and can be used for screening rice breeding 
lines. 

External validation of the flour-based 
calibration models

The developed calibration models based on rice 
flour spectra were installed in the NIRS machine 
and their prediction performance was assessed 
using 20 unknown rice samples that were not 
part of the calibration dataset. Table 3 shows the 
comparison of the measured and predicted values 
and the computed accuracy. Results showed that 
the flour set’s calibration models were valid for the 
quantitative determination of PC and AC of unknown 
rice samples. PC and AC calibration models achieved 
high prediction performance with 96.46% and 
95.84% accuracy, respectively. The accuracy of the 
developed calibration model was further assessed 
statistically. The computed Pearson’s correlation 
coefficient (r) for comparing the laboratory PC and 
AC values and NIRS-predicted values were 0.97 and 
0.79, respectively (Table 4). An r value larger than 
0.70 indicates a statistically significant relationship 
and higher than 0.80 is significantly correlated. 

As shown in Figure 4, the NIRS-predicted values 
showed positive and strong correlations with the 
PC and AC laboratory values, suggesting that the 
developed calibration models could predict the PC 
and AC quantitatively with high accuracy. Paired 
t-test was used to determine whether the differences 
of means measured by the conventional and NIRS-
based methods are significant. Paired t-tests showed 
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Figure 3. Scatter plots between laboratory and NIR-predicted values for PC and AC for milled rice (A, C)  
and flour set (B, D), respectively.

Table 3. Prediction accuracy of the developed calibration models for PC and AC in flour set.

Unknown
Samples

     Constituent

PC AC

Laboratory 
Value

NIRS-Predicted 
Value Accuracy Laboratory

 Value
NIRS-Predicted 

Value Accuracy

(%) (%) (%) (%) (%) (%)

1 7.97 7.67 96.24 23.15 22.10 95.46
2 7.24 7.30 99.17 19.35 19.38 99.84
3 6.27 6.25 99.68 19.86 19.76 99.50
4 7.21 7.02 97.36 22.69 21.75 95.86
5 7.54 7.15 94.83 21.43 21.38 99.77
6 6.88 6.71 97.53 19.98 19.89 99.55
7 6.77 6.60 97.49 20.58 21.01 97.91
8 6.05 5.76 95.21 18.37 20.05 90.85
9 7.41 6.83 92.17 23.25 23.63 98.37
10 7.03 6.77 96.30 19.55 18.72 95.75
11 6.63 6.56 98.94 19.30 19.03 98.60
12 7.00 6.57 93.86 23.62 23.44 99.24
13 7.59 7.25 95.52 21.55 23.11 92.76
14 6.63 6.19 93.36 20.05 21.43 93.12
15 6.70 6.64 99.10 20.60 20.21 98.11
16 6.25 6.00 96.00 17.84 20.99 82.34
17 7.77 7.26 93.44 23.46 21.97 93.65
18 7.24 7.17 99.03 18.53 20.19 91.04
19 6.51 6.37 97.85 19.25 19.57 98.34
20 7.02 6.75 96.15 22.11 22.84 96.70
    AVE 96.46 AVE 95.84
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Figure 4. Regression plot between laboratory and NIRS-
predicted (A) PC and (B) AC values of 20 unknown samples. 

Table 4. Correlation analysis and t-test between NIRS-
predicted and laboratory values for PC and AC content of 
unknown rice samples.

Constituent Correlation 
Coefficient (r)

t-value

PC 0.97****  6.40****

AC 0.79**** 1.17

 **** significant at p<0.0001 

that the mean AC of 20 unknown rice samples 
obtained from the two methods were not significantly 
different. Although the NIRS-predicted values 
differed significantly from the laboratory values at 
95% confidence level (Table 4), the PC calibration 
model had higher prediction accuracy and RPD 
values than the AC calibration model. 

Discussion
Grain quality evaluation is an integral part of the 

rice breeding program to produce new rice cultivars 
with premium eating characteristics preferred by the 
consumers. The cooking and eating quality of rice is 
determined by its starch physicochemical properties, 
particularly amylose and PC. However, conventional 
methods used to analyze these parameters are 
laborious, require enormous resources, and generate 
a large volume of toxic chemical wastes. Hence, 
there is a pressing need for a fast, high-throughput, 
cost-reducing, and reliable alternative method to fast-
track the delivery of grain quality data useful for 
the breeding program and other stakeholders. Due 
to its versatility, NIRS technology has the potential 

to automate the grain quality evaluation processes 
of the rice breeding program. In this study, suitable 
calibration models were developed for easier and 
faster analysis of rice amylose and PC. Calibration 
equations were calculated based on NIRS spectra 
and the rice samples’ known laboratory or reference 
values. NIRS spectra provide vital information about 
the target constituents present in the samples. As 
shown in Figure 1, prominent and sharp peaks around 
996 - 968, 1205 - 1206, 1344 - 1345,1404 - 1405, 1560 
- 1562, 1775 - 1779, 1932 - 1934, 2113 - 2115, and 2306 
- 2310 nm were observed for milled rice and flour 
spectra. These absorption bands can be associated 
with the concentration of functional groups of target 
constituents in the rice grain. Fazeli et al. (2021a) 
reported that sharp bands at wavelengths 997 - 998 
and 1199 nm are associated with O-H or NH2 second 
overtone, 1457 - 1573 nm for the O-H and N-H first 
overtone, 1752 nm for the C-H first overtone, 1938 
- 2180 nm for the O-H and N-H combinations, and 
2295 nm for the C-H combinations. These O-H, 
N-H, and C-H bond vibrations are caused by major 
rice components such as starch, protein, and water 
compounds (Bagchi et al., 2016; Barton et al., 2002). 
The spectral region at 1700 - 1800 nm associated with 
starch molecules vibration showed a good correlation 
with the AC (Fertig et al., 2004). The combination of 
the O-H stretching and O-H bending of the amylose 
molecule at 1929 nm was reported to be a strong 
band in the FT-NIR-based measurement of AC in rice 
paddy (Pandiselvam et al., 2016). A good calibration 
model for AC of Khao Dawk Mali 105 rice was also 
established at 1900 nm wavelength (Siriphollakul et 
al., 2017). 

Hydrogen bonding in the starch molecule is usually 
observed at 1400 - 1600 nm, while the absorption band 
located at 1450 nm is related to the first overtone of 
the O-H band stretching vibration of starch and water 
(Siriphollakul et al., 2017; Noah 1997). Moreover, the 
absorption peaks registered between 1585 - 1595 nm 
are related to intermolecular hydrogen-bonded O-H 
groups in amylose molecules (Salgó and Gergely, 
2012). Meanwhile, the starch and protein components 
gave absorption bands located at a higher wavelength 
(Cocchi et al., 2006). For instance, the peaks at 2173 
and 2239 nm due to protein vibrations are responsible 
for chemical changes of the dough components of 
bread (Kaddour et al., 2008). The absorption bands of 
the N-H bonds at about 1500 - 1570 and 2050 - 2070 
nm were also reported (Cocchi et al., 2006). The peaks 
at 2100 nm and between 2322 - 2330 nm are linked 
to the O-H bend/C-O stretching and C-H stretching 
in starch molecules, respectively. In addition, the 
absorption band at 2280 nm corresponds to the C-H 
stretch and C-H2 deformation of starch (Aenugu et al., 
2011). Overall, the absorption peaks observed for the 
samples at various wavelengths can be attributed to 
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their higher RPD values. RPD is used to evaluate the 
predictive ability and potential applications of the 
calibration models developed. RPD values lower than 
1.9 are considered poor and not recommended for 
screening; RPD between 2.5 and 2.9 are treated as 
fair for screening purposes; values >3 are considered 
good for screening purposes; >5 are good for quality 
control, and >8 are considered excellent for all 
analytical tasks (Yi et al., 2017). Hence, the developed 
prediction models for PC and AC with RPD values 
of 4.00 and 2.50, respectively, are considered good 
for screening and can be used in the selection of rice 
breeding materials with desirable eating quality. 

The flour-based calibration models were tested 
using 20 unknown rice samples to validate their 
actual prediction performance. High prediction 
accuracy from external validation tests clearly 
showed that the developed calibration models are 
suitable for measuring the AC and PC of unknown 
rice samples. Paired t-tests showed that the AC values 
of the unknown rice samples predicted by the NIRS 
machine were not significantly different from those 
obtained through the conventional laboratory method. 
However, PC values obtained from the two methods 
differed significantly. This could be attributed to the 
relatively small standard deviation of the laboratory 
values due to the sensitivity of the conventional 
reference method. Nonetheless, the PC calibration 
model had the highest prediction accuracy and RPD 
values. Generally, both calibration models based 
on flour spectra offer reasonably good quantitative 
information for evaluating the PC and AC in rice 
grains. 

NIRS technology provides many advantages 
compared with the conventional laboratory methods 
(Table 5). NIRS machine can provide accurate results 
in less than 1 minute and analyze multiple constituents 
in a single run. Adoption of NIRS-based screening 
method will expedite the accurate and efficient 
delivery of rice grain quality data for the breeders 
because the machine can simultaneously analyze 

the functional group of rice amylose and PC; thereby, 
providing excellent and reliable prediction models for 
the target constituents. 

Meanwhile, the accuracy of the prediction model 
is strongly dependent on the samples chosen for 
calibration development and the accuracy of the 
reference methods. Therefore, proper selection of 
samples and reliable reference methods are crucial to 
the robustness and accuracy of the calibration models 
for the target constituents. In this study, wide ranges 
of reference values were collected for each parameter 
and minute differences in means and standard 
deviations between the calibration set and internal 
validation set were obtained from the selected rice 
samples. These results indicated that representative 
samples were selected correctly to create a diverse 
dataset suitable for developing a good calibration 
model. 

Based on the computed calibration and validation 
statistics, the PC and AC calibration models 
developed from flour spectra were more robust and 
reliable than those developed from milled rice, as 
similarly reported by several authors. Bao et al. 
(2007b) produced superior calibration equations for 
thermal and retrogradation properties of rice starch 
using flour spectra. Measurement of AC, PC, and 
pasting properties was more precise with flour-based 
calibration models than using milled rice sets (Fazeli 
et al., 2021b; Xie et al., 2014; Bao et al., 2007a; Wu 
and Shi, 2007; Bao et al., 2001). Better calibration 
performance was observed for the flour samples 
because of their uniform and homogenous particle 
size because they passed through a 0.5 mm size 
screen sieve during the grinding of rice grains. On 
the other hand, milled rice samples were composed 
of broken and whole kernels. As grain sizes varied 
according to variety, prediction models could be less 
accurate.  

The excellent predictive capacities of the flour-
based calibration models were further confirmed by 

Table 5. Comparison of the conventional and NIR-based methods in terms of analysis speed, chemical inputs, and hazardous 
waste generation.

Parameter
PC AC

Conventional NIRS Conventional NIRS

Analysis time 4 h/batch of 10 samples 1 min/
sample

32 h (including incubation time for 
starch gelatinization)/batch of 50 
samples 

1 min/
sample

Chemical inputs Mixture of H2SO4 (200 ml), 
NaOH (2 L), boric acid 
(1.2 L) None

Mixture of NaOH (450 ml), ethanol 
(50 ml), ammonium chloride (50 ml), 
and iodine (100 ml)

None

No. of samples 
analyzed/day

 20 100 - 150 50 100 - 150 

Chemical waste 
generation

4L/10 samples None 10 L/50 samples None
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the PC and AC of around 100 - 150 samples per day. 
NIRS-based method is also safe and environment-
friendly as it does not require the use of toxic 
reagents. Thus, the generation of hazardous chemical 
waste from conventional methods can be eliminated. 
The measurement of these parameters by NIRS will 
ensure greater efficiency of evaluating rice grain 
quality with a significant reduction in the manpower 
input as well as the time and cost of analysis.

Conclusion and Recommendation
The capability of NIRS technology to predict rice 

PC and AC was evaluated in this study. Considering 
the calibration and validation statistics, the best 
calibration models to predict the rice eating quality 
were developed based on flour spectra. These 
calibration models could be used for easier and faster 
analysis of the amylose and PC of rice breeding 
materials. Shifting to NIRS-based screening 
method will fast-track the delivery of rice grain 
quality data necessary for the early release of high-
yielding varieties with excellent eating qualities. 
The developed calibration models should be pilot-
tested to further assess their reliability and accuracy 
in screening a large number of rice breeding lines. 
The calibration set must also be updated to widen the 
range and variability of reference values and enhance 
the sensitivity of the calibration models for new rice 
samples.
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Abstract
Plant-based milk alternatives can provide optimum nutrients for children. This study utilized a suitable 

Philippine rice variety as an alternative to barley in producing malt and developed a non-dairy ready-to-drink 
beverage from rice malt and soy. Rice malt extract is processed from malting rice grains, which included 24 h 
steeping, 48 h germinating at ambient condition, and 24 h kilning at 95°C temperature. Suitable rice varieties 
for malting were National Seed Industry Council (NSIC) Rc 160, Rc 300, and Rc 15. No significant difference 
(p<0.05) was observed in the sensory characteristics of the treatments (9:1, 8:2, 7:3, and 6:4 rice malt: soy milk 
ratio) as evaluated by the respondents (n=30) aged 22 - 68, except for caramel flavor and creaminess.  High 
caramel flavor acceptance (83.3%) was evident in treatment 7:3 rice malt: soy milk ratio as it has a balanced 
intensity of malt extract and optimum level of creaminess (80.0%) compared with other treatments based on 
the just-about-right (JAR) rating. The optimum formulation also showed no significant difference relative to the 
commercially-available malt beverage (p<0.05) with a rating of 7.32, which is highly appealing to children ages 
3 - 12 years old (n=50). A 100-ml serving of the rice malt-soy milk beverage can provide 64.5 kcal, 1.0 g fat, 11.2 
g carbohydrates, 2.5 g protein, and 0.4 g ash with a shelf-life of 20 days in a high-density polyethylene bottle 
stored at 4 - 7°C.

Keywords: Ready-To-Drink, Rice Malt, Plant-Based, Sensory Properties, Soy Milk, Malting

Introduction
Non-dairy or plant-based beverages are considered 

healthier and more sustainable dairy alternatives 
that can enhance one’s health. Several food-based 
innovations have allowed food manufacturers to 
produce plant-based drink (e.g., soymilk) that mimic 
the taste and texture of animal-derived products and 
are now increasingly becoming competitive in terms 
of quality and price (Vuong, 2019). Despite being one 
of the major imports, soymilk is the most popular and 
available non-dairy milk alternative locally. Thus, 
increase in domestic soybean production is now being 
considered (Agcopra and Piadozo, 2016).

Almost 65% of the world’s population has lactose 
intolerance (Bayless et al., 2017); hence, they consume 
alternative plant-based milk to meet nutritional 
requirements. Plant-based milk is produced from plant 
material extracted in water, and further homogenized 
resulting in particle size distribution, which imitates 
cow’s milk in appearance and consistency (Sethi et 
al., 2016). Five categories of plant-based vegetable 
milk alternatives are listed as cereal, legume, nut, 
seed, and pseudo-cereal (Sethi et al., 2016), in which 
soy milk is considered as legume-based milk. Soy 
milk is an aqueous, white, creamy extract produced 
from soybeans, which is similar to cow’s milk in 
appearance and consistency (Adebayo-Tayo old et al., 
2009). Soy milk contains the same amount of protein 

as cow’s milk, little saturated fat, no cholesterol, high 
in essential fatty acids, fiber, vitamins, and minerals 
(Banerjee et al., 2019). Known benefits of soy include 
reduction of cholesterol, prevention of osteoporosis, 
and inhibition of certain cancers because of its rich 
isoflavones content (Mazumder and Begum, 2016; 
Kant and Broadway, 2015). Therefore, soy can be 
served to starving and malnourished people in less 
developed countries. Soy milk contains isoflavones 
and caseins similar to the amount in buffalo milk but 
less of particular casein known as alpha-s1-casein28 
(Kant and Broadway, 2015). Soy milk also contains 
complete protein that the body requires to meet the 
needs for human growth, maintenance, and repair of 
tissues. This protein is equal to the protein quality 
from milk, meat, and eggs. The fats in the buffalo 
milk (6.0 - 15.0%) are bigger in size than in soya milk 
(2.60%); thus, making soya easier to digest (Pietrzak-
Fiecko and Kamelska-Sadowska, 2020; Khedkar et 
al., 2016; Sowonola et al., 2005). Soy milk can be a 
cheap and nutritious beverage as it is a good source of 
essential monounsaturated and polyunsaturated fatty 
acids that are considered essential for cardiovascular 
health (Sethi et al., 2016). Its preparation produces a 
product with limited shelf-life and a characteristic 
beany flavor. Modern soy milk processing utilizes 
advanced technologies and equipment to maximize 
nutritional value, shelf-life, and convenience with 
reduced beany flavor (Sethi et al., 2016).

FULL PAPER
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Rice can be processed into a wide variety of 
food and beverage products. The development of 
rice malt extract, a product from rice, undergoes a 
process of malting consisting of three steps: steeping, 
germination, and kilning. Malting improves the 
nutritional value of cereal (Oluwole et al., 2012). 
The steeping softens the grains, increases water 
availability (Oluwole et al., 2012), and starts the 
growth of embryo (Ceppi and Brenna, 2010); 
germination produces enzymes that leads to 
hydrolysis of starch and proteins that release sugar 
and amino acids (Oluwole et al., 2012); while kilning 
stops enzymatic activities and dries the resultant malt 
(Ceppi and Brenna, 2010). Malt is a healthy ingredient 
that has a vast potential in many food applications. It 
can be used in breads and pastries, sweets, alcohol-
free malt beer, and breakfast drinks. Malted drinks 
are positioned as nutritious beverages in the market 
that contain loads of mineral, fiber, B-vitamins, and 
protein. The nutrients in malt beverages are quickly 
absorbed by the body. 

About 95 child deaths every day in the Philippines 
is attributable to undernutrition (UNICEF, 2015). 
Children in the Philippines have poor diet diversity 
and poor intake of micronutrients (Denny et al., 
2018). A study of Mak et al. (2020) stated that there 
is a high prevalence of inadequate milk intake 
in the Philippines, particularly for energy and 
micronutrients, regardless of milk consumption 
type. Children’s diet in the Philippines is typically 
composed of refined rice, energy-dense foods, 
and sweetened beverages. It is also low in fruits, 
vegetables, protein-rich foods, and milk and dairy 
products (Denny et al., 2018). The consequences of 
undernutrition can be devastating as it leads to poor 
cognition and socio-behavioral development and 
increases risk of mortality and morbidity.

Malt drinks in powder and ready-to-drink form 
are widely consumed choices of beverage among 
Asian children (Mohamed et al., 2015). However, 
malt extracts are often sourced from barley. Rice, as 
a top cereal produced in Asia, has received limited 
attention as a major raw material for malting. Thus, 
there is a need to maximize and explore the malting 
potential of other cereal grains such as rice. Given 
this, the study utilized Philippine rice variety as an 
alternative to barley in producing malt. The research 
also aimed to develop an optimized formulation of a 
nutritious beverage from rice malt-soy milk treatment 
combination of 9:1, 8:2, 7:3, and 6:4. This will be 
done by determining the most suitable rice variety 
and optimum procedure requirement in malting, 
characterization, and sensory evaluation; and through  
a shelf-life study. 

Materials and Methods
Rice varieties with waxy amylose content (AC) 

IMS2; very low AC NSIC Rc 15 and NSIC Rc 17; low 
AC NSIC Rc 160 and NSIC Rc 400; intermediate AC 
NSIC Rc 216 and NSIC Rc 300; and high AC PSB 
Rc 10 were sourced from Philippine Rice Research 
Institute, while sugar and cocoa powder were bought 
from a local market in  Science City of Muñoz, Nueva 
Ecija, Philippines.

Screening of suitable rice varieties and 
optimum condition for malting

Sample preparation. The rice samples with 
different amylose classifications were evaluated 
for the preparation of rice-malt. Amylose content is 
an important and recognized parameter as it is an 
indicator of the rice texture upon cooking (Juliano, 
2003). Rough rice forms of the sample were cleaned 
to remove dirt and rice hulls by manual winnowing, 
sorting, and subsequently immersing them in distilled 
water at ambient temperature for 5 min to sort out 
floating grains and wash off adhering dirt.  

Steeping of rice grain. Steeping was based on the 
method described by Owusu-Mensah et al. (2011) 
with a few modifications. Rice sample (50 g) was 
soaked in plastic containers with 30 ml of 5% sodium 
metabisulphite for 20 sec. This was followed by a 
thorough washing of the grains with distilled water to 
remove residual chemicals. Finally, the washed grains 
were steeped in 500 ml of distilled water for 12, 24, 36, 
and 48 h at ambient temperature. With an interval of 
12 h, the grains were drained and re-steeped in fresh 
distilled water. Air-resting was done by draining off 
the steep water completely. The steeping process was 
conducted in triplicate. 

Germination of rice grains. Germination was 
done following  Ayernor and Hammond’s methods 
(2001). The steeped samples (50 rice grains) were 
spread in petri dishes, lined with Whatman’s ordinary 
filter paper and allowed to germinate at ambient 
temperature (27 to 30°C) for 24, 36, 48, and 60 h.  
The filter paper was moistened at regular intervals of 
12 h with 5 ml of distilled water to avoid drying and 
to maintain adequate moisture content. This helped 
ensure a humidified environment for the grains. 

Kilning of rice grain and color analysis. Kilning 
was done following  Nienupetra’s procedure (2011), 
which entails drying the sprouted rice grains in a 
hot air oven with temperature variations. Different 
temperatures (75°C, 85°C, and 95°C) were used to 
determine the optimum kilning temperature of the 
rice malt. The dried rice grains were dehulled using a 
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Satake testing husker to remove the hull and analyzed 
for L*a*b* (l- lightness, a- redness/greenness, b- 
yellowness/blueness) values using Chroma Meter 
(Konica Minolta Spectrophotometer CM-5, Japan).

Malting characterization of rice varieties

Determination of out-of-steep moisture content 
(SMC). The soaked grains were analyzed for SMC 
following the  AOAC process (1990) with some 
modification. In this method, 2 g each of the pre-
soaked rice grain samples were weighed into a 
previously dried and weighed crucible. The crucibles 
with the samples were placed in a forced air oven for 
5 h at 105°C. The crucibles, together with its content, 
were weighed again after cooling in a desiccator. The 
differences in weights were used for the calculation of 
the SMCs mean values. 

Germination energy. This was determined 
following Ayernor and Hammond’s (2001) work.   
Germination energy was calculated as the ratio of 
germinated (viable) grains relative to the total grains 
malted multiplied by 100:

(1)

Determination of malt yield. Malt yield for each 
day of the malting period (germination period) was 
determined by taking the dry weights of an equal 
number of grains (50), before and after malting in the 
absence of any developed roots or shoots. Malt yield 
was calculated using the formula described by Asante 
et al. (2013):

(2)

Shoot length determination. The shoot length of 10 
seedlings (per replicate) for each treatment (steeping 
periods) was measured using a ruler. The means were 
calculated and recorded as average lengths. 

Proximate composition analysis. The moisture 
content, crude ash, and crude protein of the selected 
rice varieties with good germinative energy (>90%) 
and malting performance were evaluated using 
the AOAC (1990) standard methods. The total 
carbohydrate of the most suitable selected malted 
rice was calculated based on the following formula 
(Greenfield and Southgate, 2003):

% total carbohydrates = 100 - %moisture - %protein - %ash - %fat

       (3)

The total energy content was obtained by 
computation and expressed in calories (Whitney and 
Rolfes, 2007). It was calculated using the Atwater’s 
conversion factors:

        1kcal    = [ (4×carbohydrate)+(4×protein)+(9×fat)  ]
        100g

(4)

pH and total titratable acidity (TTA) analysis. 
The pH of the three suitable rice malt extracts 
produced from rice varieties with good germinative 
energy (>90%) and malting performance were 
measured using a benchtop pH meter (Eutech pH 
700, Singapore). This was calibrated using three 
standard buffer solutions (pH 4.01, 7.00, and 10.01) 
prior to sample analysis. AOAC (1990) was used in 
determining total TTA of the rice malt extracts. The 
sample was titrated against sodium hydroxide (0.1N) 
using phenolphthalein as indicator to a faint pink 
endpoint. The TTA was expressed as g malic acid/100 
g malted extract and calculated using the following 
equation (Sadler and Murphy, 2010):

(5)

where: N = normality of titrant, usually NaOH 
(mEq/ml); V = volume of titrant (ml); Eq. wt. = 
equivalent weight of predominant acid (mg/mEq); 
W = weight of sample (g); 1000 = factor relating 
milligrams to grams (mg/g); [(1/10 = 100/1000)]

Product formulation 
The rice malt-based beverage was optimized 

with the combination of rice malt extract from the 
most suitable rice variety  with satisfactory malting 
capacity, widespread availability, and acceptable 
proximate composition. High germinative energy 
in malting rice is a central factor in the formation 
of desirable Maillard browning in the grain during 
kilning.

Malting process using a suitable rice variety. 
The most suitable selected rice variety was cleaned 
by sorting floating grains and washing off adhering 
dirt and contaminating debris. In steeping, the rice 
grain was steeped for 24 h and refreshed every 12 h 
with new water. Then, it was allowed to germinate 
for 48 h at ambient temperature (27 - 30°C). Clean 
water was sprinkled on the germinating grain with 
time intervals of 12 h to avoid desiccation. The 
germinated rice grains were arrested by drying the 
grain at 95°C for 24 h and dehulled using a Satake 

Germination Energy (GE) =
germinated grains

total grains
x 100

% acid              =              wt
wt( ) N x V x Eq.wt. x 100

W x 1000

Malt Yield (% on dry basis) =                                           x 100
malt (dry weight)

rice grain (dry weight)
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testing husker. The dehulled germinated rice is called 
the rice malt. 

Rice malt extract and soy milk production. Using 
an Osterizer-4172 blender, 150 g of rice malt was 
weighed and crushed slightly. A 1000 ml water was 
added then the mixture was subjected to low fire 
heating, stirred continuously until it reached 55°C, 
and eventually simmered at 63°C for 15 min. Using a 
clean cheesecloth, the mixture was pressed to obtain 
the rice malt extract.

The process in soy milk production was based on 
the method of Afroz et al. (2016) with modifications. 
Soybean (125 g) was manually cleaned and soaked 
in 500 ml distilled water overnight (10 - 12 h). The 
soaked seeds were rinsed with water and manually 
dehulled. A ratio of 1:7 of dehulled soybean and water 
were blended using Osterizer-4172 blender. The 
slurry was filtered using a muslin cloth. The soy milk 
was pasteurized for 10 - 15 min at 75°C.

Rice malt extract and soy milk beverage. The rice 
malt extract was combined with soy milk, added with 
2.6 g cocoa powder and 7.0 g brown sugar. Mixtures 
with different ratios (Table 1) of rice malt extract 
and soy milk were pasteurized at 75°C for 15 sec to 
determine the optimum formulation. Immediately 
after pasteurization, the beverages were hot-filled in 
a high-density polyethylene (HDPE) bottle.

Table 1. Percentage of rice malt extract and soy milk in 
beverage preparation.

Treatment
                     (% wt/wt)

Rice Malt Extract Soy Milk 
1 90 10
2 80 20
3 70 30
4 60 40

Characterization of rice malt-soy milk beverage 

Sensory evaluation. Sensory tests of the rice malt-
soy milk beverage were conducted using a 9-point 
hedonic scale rating method (1-dislike extremely; 
2-dislike very much; 3-dislike moderately; 4-dislike 
slightly; 5-neither like nor dislike; 6-like slightly; 
7-like moderately; 8-like very much; 9-like extremely). 
Thirty parents, either mother or father of children 
aged 3 - 12, from Brgy. Bagong Sikat, Science City 
of Muñoz, Nueva Ecija, Philippines were randomly 
selected and served as panelists. Balanced rotation 
order was employed to avert bias. Coded samples 
(approximately 15 ml) were served in a covered 
clean white plastic cup, maintained at refrigerated 
temperature. The panelists were instructed to 
taste the samples from left to right and were given 
a glass of water as palate cleanser. The attributes 
evaluated were color, aroma, overall flavor, thickness, 

creaminess, smoothness, sweetness, chocolate flavor, 
and aftertaste. The participants were also asked to 
give their overall opinion about the product.

pH, TTA,  color and total soluble solids. The pH, 
TTA, and color of rice malt beverage were evaluated 
using the same method mentioned above. The total 
soluble solids (TSS) was measured using Leica Mark 
II ABBE refractometer.  

Final product evaluation

Consumer sensory evaluation. Children (n = 50) 
aged 3 - 12 from the Brgy. Bagong Sikat in Science 
City of Muñoz, Nueva Ecija, Philippines were 
randomly selected from a list provided by the barangay 
health worker. They assessed  the acceptability of 
the developed beverage against a chocolate flavored 
malted barley drink readily available in the market. 
The children were instructed to pick the facial 
expression that they deemed appropriate using 
a 9-point face hedonic scale scorecard (1-dislike 
extremely; 9-like extremely) after tasting the product. 
Water was given to the panelists in between samples 
as a palate cleanser. In measuring the intent to 
purchase, the parents or caretakers (n = 50) aged 25 
- 80 were also asked to rate using a 5-point Likert 
scale: (1) Definitely, I will not buy; (2) Probably, I will 
buy; (3) I am not sure whether I will buy; (4) Probably, 
I will buy; and (5) Definitely, I will buy after tasting 
the samples.

Microbial analysis. Freshly prepared rice malt-
soy milk beverage (25 ml) was vigorously mixed with 
225 ml of 0.1% peptone water. Successive dilutions 
(101 - 106) were prepared by transferring 1 ml of the 
suspension medium to 9 ml of 0.1% peptone water. 
Sample was plated in 3M Petrifilm for aerobic count 
plate, yeast and mold count, and Escherichia coli and 
coliform count. Plated Petrifilms were incubated and 
colony forming units (cfu) were counted based on the 
procedures provided by the manufacturer.

Nutritional composition. The treatment with 
the highest acceptability rating was subjected to 
nutritional composition assessment. The parameters 
evaluated were protein by Kjeldahl, total fat by acid 
hydrolysis, ash and moisture by gravimetry (AOAC, 
1990); iron and zinc by atomic absorption spectrometry 
(Jorhem et al, 2000); sodium, potassium, magnesium, 
and calcium by atomic absorption spectrometry 
(Chekri et al, 2010); and phosphorous by colorimetry 
(Pulliainen and Wallin, 1996); and total calories and 
carbohydrates.    

Shelf-life analysis. Shelf-life of the prototype 
or the final product was evaluated following the 
established method of rice malt extract-soy milk 
beverage that was hot-filled in a HDPE bottle and 
stored in a refrigerator at  4 - 7°C temperature. 
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Sensory properties and color (L*, a* and b* values) 
were evaluated while microbial count and physical 
and physicochemical properties were analyzed using 
standard protocols.

Statistical analysis

The data were encoded and processed in MS Excel, 
then subjected to analysis of variance (ANOVA) at 
p<0.05 to determine significant differences among the 
samples within the evaluated parameters. Meanwhile, 
laboratory data was analyzed in IBM SPSS ver. 20. 
Significant differences between treatments were 
evaluated and interpreted using Tukey’s HSD Test. 
Sensory evaluation tests were conducted thrice.

Results and Discussion
Suitable rice varieties for malting and malting 
characterization

Malting technology has three stages: steeping, 
germinating, and kilning. A sufficient malting 
procedure and suitable rice variety must be identified 
in producing a quality rice malt.  The optimum 
rice malt was used as the primary ingredient in the 
development of ready-to-drink rice malt extract-soy 
milk beverage. The steeping procedure activates 
dormant grains. As the steeping time increases, the 
moisture content of the rice also increases. Results 
were comparable to the earlier study of Owusu-
Mensah et al. (2011), in which  rice attained 35% 
moisture content. According to Smart et al. (1985), 
a moisture content of above 30% is good enough for 
modification. Results indicated that the steeped grain 
for 48 h facilitated a higher water uptake (Figure 1). 
However, a comparable moisture uptake was evident 
among grains steeped for 60 h. The water uptake 
of grains during steeping brings a rapid increase 
in the grain’s respiratory rate. During this process, 
enzymes become active; breaking down the starch 
into fermentable sugars (Bewley and Black, 1985). A 
rapid moisture uptake was evident in the first 12 h of 
steeping. The saturation point, however, was reached 

during the 24 h-soaking time for all rice samples 
except for NSIC Rc 17 and PSB Rc 10. Generally, 
during the initial stage of soaking the rice grains 
in water, the moisture content rapidly increases but 
tends to slow down progressively (Wijngaard et al., 
2005).

After the aerobic respiration of sample, 
germination energy of the rice varieties was 
calculated. Germination energy is the capacity 
of the grains to germinate faster, which  gives an 
indicative measure of good grain germination during 
malting. In malting, more than 90% of the grain must 
germinate if good quality is to be obtained (Dufour, 
1994). The germination energy of the rice varieties 
increased as the germination period was prolonged. 
Highest germination energy was attained during 
48 and 60 h of germination. During this period, the 
highest germination rate of about 89.67 - 97.33% 
was attained by the NSIC Rc 160 rice grains (Figure 
2); indicating that these are qualified for malting 
(Agbale et al., 2007). It was also evident that the 
germination energy of the rice varieties, sprouted for 
60 h, were comparable with the  48-h germination 
time. Increasing the germination time significantly 
increased the germination energy of the rice samples. 
Likewise, Odo et al. (2016) documented a similar 
germination trend on three local and assessed 
hybrid Nigerian rice varieties for malting. Optimum 
germination was achieved at 48 h for the malting of 
rice varieties. It is noteworthy to report that NSIC Rc 
160 (low AC), NSIC Rc 300 (intermediate AC), and 
NSIC Rc 15 (very low AC) were found to have good 
germinative energy (>90%). This means the grains of 
these varieties have low tendency to be dormant and 
are deemed most suitable varieties for malting.

During the malting process, materials that 
remained intact in the grain in the occurrence of 
physicochemical changes constituted the malt yield. It 
was recorded that as the germination time progressed, 
the malt yield decreased (Figure 3).  This could be 
associated with  the increased physiological and 

Figure 1. Out-of-steep moisture content of the selected rice varieties (n = 3).
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enzymatic activities of the grain during germination, 
which  utilized food reserves in the endosperm for 
growth and energy and with the leaching of soluble 
grain extracts and minerals (Ogbonna, 2002). A 
significant decrease in the malt yield was observed 
in all rice varieties during the 48-h and 60-h 
germination.   Similar findings were observed by 
Ayenor and Ocloo (2007) and Osuji et al. (2019) who 
reported a significant decrease in the starch content 
and weight of their local paddy rice samples. Despite 
the malting loss, a considerable malt yield percentage 
was apparent for all rice varieties with values range of 
77.27 - 82.29% and 67.70 - 76.44% after 48 and 60 h of 
germination, respectively. The values obtained were 
considerably higher than the acceptable minimum 
level of malt yield (35 - 50 dextrinising unit).

The growth of shoot implies the degree of 
enzymatic modifications during malting (Hammond 
and Ayernor, 2001). Figure 4 shows the shoot length 
development of the selected rice seeds. Results showed 
that all rice seedlings exhibited an increase in shoot 
growth with increasing malting time.  A similar trend 
was also noted in past studies (Owusu-Mensah et al., 
2011; Bam et al., 2006; Wahyuni et al., 2003). The 
shoot length of the rice seeds had the following ranges: 

0.45 - 0.75 mm and 0.98 - 1.1 mm after germination for 
48 and 60 h. During the 60-h germination, significant 
growth was visible in all varieties except for NSIC Rc 
400. This means that steeping and germination time 
have a significant influence on the shoot emergence 
of the rice seedlings. Germination aims to maximize 
grain modification and minimize shoot growth. 
Excessive growth results in less malt extract; thus, 
germination was established at 48 h. 

 The intensity of kilning is crucial in malt flavor, 
and color formation (Pires and Branyik, 2015). 
Different temperatures were used to determine the 
optimum kilning temperature, specifically 75, 85, 
and 95°C. Color (L*, a*, and b*) values were used 
as indicators to determine the extent of Maillard 
reaction or browning of the rice grains that had taken 
place during kilning, which favored color and flavor 
development (Correia et al., 2005). It was noted that 
the lightness of the rice malt samples significantly 
decreased with increasing kilning temperature. 
The rice malt samples exhibited an increased drift 
towards the yellow and red hues as the temperature 
was increased. The formation of the brown color in 
the samples was considered as a desirable quality; 
hence, rice varieties and kilning temperatures that 

Figure 2. Germination energy of selected rice varieties (n = 3).

Figure 3. Percent malt yield of selected rice varieties (n = 3).
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yield higher degrees of browning formation were 
preferred. Considering the L*, a*, b* values, the 
kilning temperature that yielded desirable brown 
color formation was at 95°C.

Proximate composition, pH, and TTA of suitable 
rice varieties for malting. NSIC Rc 160, Rc 300, 
and Rc 15 were selected as the most suitable rice 
varieties based on their good germinative capacity 
and malting performance, which resulted in a quality 
malt. Thus, it proved useful to look into the proximate 
physicochemical properties of these rice cultivars as 
bases for future product formulations.  Moisture, ash, 
crude protein, pH, and TTA content are presented 
in Table 2. A significant difference in the moisture 
content, pH, and TTA were found among the three 
rice samples after malting. The low moisture levels 
(4.19 - 4.44%) of the rice malt samples indicated that 
it can be stored for a longer period. The findings 
also implied that malted NSIC Rc 160 rice cultivar 
obtained the highest protein content and TTA. All the 

rice malts had pH values regarded as low acid foods 
(pH≥4.6). A similar acidity range was also recorded 
in the beverages produced from malted roasted maize 
varieties by Akonor et al. (2014). Moreover, the pH 
of the rice malt extracts was within the general pH 
range of 3.5 - 5.0 suggested for malt-based beverages 
(Jaganatham and Dugar, 1997). The total TTA of the 
rice malts calculated as the percentage of malic acid 
varied from 0.040 to 0.060%.

Proximate composition of malted NSIC Rc160 rice 
variety. In view of the satisfactory malting capacity 
and widespread availability, NSIC Rc 160 was 
selected as the major rice material for malt beverage 
production. Hence, its proximate composition was 
compared with its un-malted counterpart. The malted 
and un-malted NSIC Rc 160 rice were statistically 
different in moisture content (Table 3). Specifically, 
the malted NSIC Rc 160 had lower moisture content 
because during kilning the grains were exposed to 
heat resulting in moisture loss; thereby, increasing 

Figure 5. Mean color parameters of selected rice varieties at different temperatures (n=3).

Table 2. Physicochemical and proximate characteristics of selected rice varieties for malting.1

Malted Rice
Varieties Moisture   Content (%) Ash (%) Protein (%) pH Total TTA (%) 2

NSIC Rc 160 4.23±0.03a 1.29±0.07a 9.73±0.10a 5.57±0.02c 0.060±0.00a

NSIC Rc 300 4.44±0.07b 1.29±0.11a 8.80±0.12b 5.52±0.01b 0.048±0.00b

NSIC Rc 15 4.19±0.09a 1.31±0.03a 7.38±0.10c 5.91±0.01a 0.040±0.00c

1Mean values with the same letter within a column are not significantly different from each other at p<0.05 (n = 3)
2expressed as malic acid

Figure 4. Shoot length of selected rice varieties (n = 30).
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its shelf-life. No statistical differences were found 
for protein, ash, and fat content at (p>0.05). However, 
the slight decrease in the fat and ash content could 
be from the increased lipolytic enzyme activity that 
hydrolyzes fats to fatty acids and glycerol during 
malting (Auta et al., 2014) and mineral loss due to 
leaching. These findings agreed with the study of 
Osuji et al. (2019), which showed an insignificant 
decrease in the fat and ash content and increase in the 
carbohydrates of the malted in Nigerian rice varieties.  
According to Harland (2010), malting of grains 
is associated with nutrient improvement. Results 
signified that the total carbohydrates and calories of 
malted NSIC Rc 160 were significantly higher than 
the un-malted (control), which was equivalent to 6.22 
and 5.31% improvements, respectively. 

Table 3. Proximate composition of un-malted and malted 
NSIC Rc 160 rice grains.

Parameters Un-malted Malted

Moisture content 11.60±0.14a 6.60±0.30b

Protein 9.28±0.06a 9.73±00.07a

Ash 1.36±0.07a 1.29±0.05a

Fat 2.07±0.17a 1.91±0.01a

Carbohydrates 75.90±0.18b 80.64±0.09a

Calories 359.28±2.50b 378.10±0.74a

Mean values with the same letter within a row are not significantly different from 
each other at p<0.05 (n = 3)

Product formulation and characterization of 
optimized rice malt-soy milk beverage 

Sensory Evaluation. Sensory panelists, aged 22 - 
68, (parents, n = 30) were composed of 87% females 
and 13% males. All rice malt-soy milk beverages 
were comparable with  each other (p<0.05) in terms 
of sensory attributes and had ‘like moderately’ 
scale rating, except for caramel flavor, which had 
‘like slightly scale rating’ (Table 4). Treatment 3 
(7:3) obtained the highest caramel flavor and was 
used as the determinant attribute in selecting the 
optimum rice malt-soy milk ratio. The chocolate 
and the sweeteners, rice malt and sugar enhanced 
the palatability of the beverage as they masked the 
beany flavor of the soy milk. This was comparable 
with the result of the choco-flavored soy milk 
developed by Wang et al. (2001), which obtained the 
highest sensory score and lowest off-flavor recorded. 
Malt extract was recognized for its caramel flavor 
produced from maltol and isomaltol. Maltol is best 
known for imparting sweet fruity flavor, but it has a 
relatively high aroma threshold and strong caramel 
taste (Parker, 2015). 

The caramel flavor was significantly perceived 
(p<0.05) among treatments (Figure 6). Highest 
caramel flavor acceptance was apparent in Treatment 
3 (7:3) because of balanced intensity of malt extract, 
“not too much” and “not too little,” as reported in the 
just-about-right rating. However, soy milk did not 
significantly alter the creaminess of the beverage, 

Table 4. Mean ratings of the sensory evaluation for optimization of rice malt and soy milk beverage and its 
overall opinion compared with a  commercial product.

Sensory Attributes4
Treatment

1 (9:1) 3  2 (8:2) 3  3 (7:3) 3  4 (6:4) 3

Overall opinion1 7.43±1.76a 7.27±1.55a 7.10±1.64a 7.33±1.58a

Color1 7.23±1.88a 7.20±1.65a 7.15±1.69a 7.38±1.68a

Aroma1 7.28±1.75a 7.23±1.60a 6.90±1.78a 7.33±1.73a

Overall flavor1 7.35±1.69a 7.32±1.63a 6.97±1.73a 7.23±1.59a

Thickness1 7.17±1.60a 7.12±1.60a 6.83±1.73a 7.27±1.56a

Creaminess1 7.10±1.72a 7.08±1.69a 6.80±1.79a 7.08±1.68a

Smoothness1 7.22±1.50a 7.22±1.46a 6.93±1.62a 7.13±1.74a

Sweetness1 7.28±1.75a 7.20±1.50a 7.03±1.56a 7.17±1.70a

Chocolate flavor1 7.28±1.75a 7.35±1.60a 7.10±1.56a 7.18±1.70a

Caramel flavor1 6.28±1.50b 7.02±1.36a 7.30±1.25a 6.27±1.62b

Aftertaste1 6.97±1.84a 7.05±1.75a 6.98±1.65a 7.00±1.82a

Rice malt-soy milk beverage Commercial

Overall opinion2 7.32±2.12 a 7.92±1.55 a

1N = 30; Mean scores with the same letter within a row are not significantly different from each other at p<0.05
2N = 50; Children (3 - 12 years old); Mean scores with the same letter within a row are not significantly different from each other at p<0.05
3rice malt extract: soy milk ratio 
4Scale: 1 - dislike extremely; 2 - dislike very much; 3 - dislike moderately; 4 - dislike slightly; 5 - neither like nor dislike; 6 - like slightly;  
  7 - like moderately; 8 - like very much; 9 - like extremely
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but JAR test showed that Treatment 3 (7:3) had the 
optimum level of creaminess. Bolarinwa et al. (2018) 
also found similar sensory results for the soy milk 
concentration, which indicated that the soy-walnut 
beverage made from 10% un-malted and 30% 
malted soy milk substitution were mostly preferred 
by the consumers. Hence, a 7:3 rice malt-soy milk 
ratio was used in developing the beverage and was 
further evaluated for other parameters (consumer 
sensory evaluation employing children respondents, 
microbial, nutritional, and shelf-life). Moreover, 
the ingredients used in the beverage positively 
complemented one another as the beany flavor of 
soy milk was masked by rice malt extract, sugar, and 
cocoa powder. 

pH, total soluble solids, total TTA and color. 
Physicochemical parameters such as pH, total TTA, 
and total soluble solids were used to distinguish the 
nature of the different rice malt formulations. pH 
is a measure of the hydrogen ion (H+) activity in 
solution while the TTA measures the predominant 
acid present in the beverages (Mensah-Brown et 
al., 2014). Consequently, both pH and TTA measure 
the sourness of the beverage. Different ratios of rice 
malt extract and soy milk significantly affected the 
pH, TTA, and TSS of the beverages (Table 5). All 
treatments have an acidic pH value ranging  from 
5.99 to 6.18. Cocoa powder and soy milk were some 
factors that might affect the pH of the beverage. 
Miller et al. (2008) reported that cocoa powders have 
a pH of around 5.3 - 5.8, which is low-acidic. Highest 
TTA was evident in Treatment 1.

The TSS measures the refractive index fraction of 
the product and is expressed as °Brix. It commonly 
measures the sugar content and other soluble solids 
such as organic, amino acids, and soluble pectin. 
The highest Brix was obtained in Treatment 1 (9:1), 
which could be due to the high content of maltose 
produced from starch present in the rice grain during 
the malting process (Gasior et al., 2020; Chaves et al., 
2019; Harland, 2010). 

Color result shows an increasing trend in L* 
values due to the increasing concentration of soy milk 
in each mixture (Table 6). Variations in the lightness 
and/or darkness of the beverages reflected the extent 
of caramelization reaction occurred in the rice grain 
during kilning and the addition of cocoa powder 
that darkened  the beverage. The Maillard reaction 
imparts a caramel flavor and aroma, while soy milk 
as a nutritious non-dairy ingredient brings a distinct 
flavor enhancing  the organoleptic qualities of the 
developed beverage. The beverage with 6:4 rice malt 
extract and soy milk ratio had a lighter shade because 
of the intrinsic milky white color of soy milk. All of 
the beverage samples regardless of the ratio had hues 
of yellow and red. Furthermore, it was noticeable that 
(+a*) values of the beverages were less than (+b*), 
which signified a drift towards the yellow color. 
Therefore, the ratio of malt extract and soy milk had a 
great influence on the L*, a*, and b* values.

Table 5. Physicochemical properties of the rice malt-soy milk 
beverage.

Treatment1 pH Total  
TTA (%) 2

Total Soluble 
Solids (°Brix)

T1 (9:1) 5.99±0.09c 0.018±0.003a 16.97±0.04a

T2 (8:2) 6.12±0.02b 0.017±0.002ab 15.87±0.06b

T3 (7:3) 6.16±0.07a 0.016±0.001ab 15.37±0.05b

T4 (6:4) 6.18±0.06a 0.014±0.001b 15.10±0.03 b

Mean values with the same letter within a column are not significantly different 
from each other at p<0.05 (n = 3)
1rice malt : soy milk ratio
2expressed as malic acid

Table 6. Color parameters of rice malt-soy milk beverage.

Treatment1 Color

L* a* b*

T1 (9:1) 37.67±0.03d 8.83±0.01b 10.73±0.06b

T2 (8:2) 39.10±0.04c 9.13±0.04a 11.53±0.13a

T3 (7:3) 40.12±0.08b 9.06±0.03a 11.74±0.09a

T4 (6:4) 40.58±0.07a 8.66±0.12c 11.57±0.06a

1 kilning temperature at 95°C for 24 h
Mean values with the same letter within a column are not significantly different 
from each other at p<0.05 (n = 3)

Figure 6. JAR of the creaminess and caramel flavor of rice malt soy milk beverage (n = 50).
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Final product evaluation

Consumer sensory evaluation. The respondents 
were 48% female and 52% male whose ages ranged 
from 3 - 12 (n = 50). Children responded using the 
9-point hedonic facial scale (Moskowitz et al., 2012) 
to measure product acceptability. Result shows that 
the difference between commercial malted beverage 
and rice malt-soy milk beverage was not statistically 
significant p<0.05 (Table 4). This means that the newly 
developed rice malt-soy milk beverage is comparable 
with the commercially available malted drink. 
Furthermore, the ready-to-drink chocolate-flavored 
rice malt beverage was appealing to children ages 3 
- 12 years old, and an ideal non-dairy alternative for 
people with lactose intolerance.

In terms of willingness to buy and intent to 
purchase, respondents were 72% female and 28% 
male with ages ranging from 25 to 80 (n = 50).  
Majority of the respondents reported that they would 
probably buy (56%) and definitely purchase (62%) the 
rice malt-soy milk beverage (Figure 7).

Microbial load. Microbial analysis is necessary 
to determine the quality and safety of ready-to-
drink beverages. The formulated rice malt-soy milk 
had <3.5 x 102 CFU/ml aerobic plate count, which 
is within the acceptable limits based on Food and 
Drug Administration (2013) [104 CFU/g for chocolate 
products and 10-102 CFU/ml for non-alcoholic 
beverages] and Centre for Food Safety (2014) [<104 
CFU/g for pasteurized foods]. No coliform, E. coli, 
yeasts, and molds were detected in the final product. 
This was due to the sodium metabisulphite soaked in 
the rice grain before the malting and pasteurization 
of the beverage. Pasteurization increases the product 

shelf-life by reducing microbial populations and 
enzymatic activities that may cause a decrease in 
the food quality. Pathogens such as E. coli should 
not be detected per 25 g sample together with yeast 
and molds (Centre for Food Safety, 2014). Hence, the 
microbial load analysis indicated that the rice malt-
soy milk beverage is safe for human consumption.

Nutritional composition of the final product. A 
200-ml serving of the beverage can be an optimal 
source of carbohydrates and magnesium requirements 
of 3 - 12 years old children (Table 7). It also contains 
healthy protein and minerals, which can supply about 
12 - 23% protein, 6 - 7% iron, 6 - 8% zinc, 8 - 11% 
potassium, 2 - 3% calcium, 2 - 6% phosphorus, and 
2 - 4% sodium daily (DOST-FNRI, 2015). Hence, the 
product can be an effective means to deliver essential 
nutrients for growing children who require solid 
source of minerals and energy for active and optimal 
growth development. Fermentation also improves 
amino acid composition and vitamin content and  
increases protein and starch levels Harland (2010). 

Shelf-life determination  
of rice malt-soy milk beverage

It was observed that the aerobic plate count 
was comparable up to 20 days and significantly 
increased on the 27th day of storage (Figure 8). No 
significant difference was observed on its color 
analysis until the 13th; however, the trend shows that 
over time, the beverage color darkens. No off-odor 
or rancid characteristic of the soy milk and cocoa, 
nor significant change in color, off-taste, and general 
acceptability were observed for up to 20 days (Table 
8). The hot-fill packaging and storage conditions 
applied for the sample extended its shelf-life up to 20 

Table 7. Nutritional composition of the final product.

Parameters
Nutritional 

Composition 
(100 ml-1)

% RENI per 
serving for  
3 - 5 years*

% RENI per 
serving for  
6 - 9 years*

%RENI per  
serving for  

10 - 12 years *

Calories, kcal/100g 64.50 10% 8% 6%

Carbohydrates, % 11.20 41% 41% 41%

Protein, % 2.50 23% 17% 12%

Fat, % 1.00 3% 5 5%

Ash, % 0.40 - - -

Moisture, % 84.80 - - -

Sodium, mg/100g 5.59 4% 3% 2%

Iron, mg/100g 0.33 7% 7% 6%

Zinc, mg/100g 0.20 8% 8% 6%

Potassium, mg/100g 79.39 11% 10% 8%

Magnesium, mg/100g 42.50 121% 94% 57%

Calcium, mg/100g 7.87 3% 2% 2%

Phosphorous, mg/100g 15.03 6% 6% 2%
Percent RENI values are based on 2015 DOST-FNRI reference requirements of 3 - 5, 6 - 9, and 10 - 12 years old children. 
*serving size: 200 ml; one serving per bottle
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Figure 7. Intent to purchase of consumers for rice malt-soy milk beverage and commercial malted beverage (n = 50).

 

Figure 9. Physicochemical analysis of rice malt-based soy milk beverage stored at 4 - 70C.

Table 8. Sensory analysis of rice malt-soy milk beverage stored at 4 - 7oC.

Attributes
Day of Storage

0 2 6 9 13 20 28

Aroma (soy) 5.41±0.62ab 5.07±1.47ab 5.74±0.71ab 5.51±0.70ab 6.01±0.89b 4.98±1.10ab 4.53±1.12a

Off-odor 0.00±0.00a 0.03±0.10a 0.04±0.09a 0.02±0.05a 0.29±0.83a 0.02±0.05a 0.23±0.63a

Color 11.26±0.02a 10.84±0.81a 10.83±1.38a 10.93±0.71a 10.70±1.23a 11.07±0.79a 11.18±1.07a

Flavor (soy) 3.97±0.61ab 4.15±0.67b 3.64±0.44ab 3.67±0.79ab 3.25±0.53a 3.23±0.72a --
Off-taste 0.00±0.00a 0.03±0.07a 0.02±0.05a 0.02±0.07a 0.03±0.05a 0.02±0.04a --
General 
acceptability 10.84±1.83a 11.83±0.87a 11.58±0.57a 11.94±0.88a 12.47±1.51a 11.97±0.92a --

-- not safe for human consumption
N = 9; Mean scores with the same letter in a same row are not significantly different at p<0.05.
Legend: Aroma: 0 - none; 15 - very intense, Off odor: 0 - none; 15 - very perceptible, Color: 0 - light brown; 15 - dark brown,  
Flavor: 0 - none; 15 - very intense, Off-taste: 0 - none; 15 - very perceptible, General acceptability: 0 - dislike; 15 - like very much

Figure 8. Aerobic plate count of rice malt-soy milk beverage stored at 4 - 70C.

Intent purchase

Physicochemical analysis

Rice malt-soy milk beverage Commercial beverage

Days in refrigerated temperature
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days when stored at temperature ranging from 4 to 
7°C with a “like” acceptability rating. As for physical 
observation of the beverage, sediments formed or 
solid particles settled at the bottom part of the bottle, 
hours after processing. This was due to the formation 
of large size dispersed particles such as fat globules, 
solid particles, proteins, and starch granules, which 
resulted in a sandy, gritty or chalky mouthfeel, and 
lack of creaminess due to their low-fat content (Sethi 
et al., 2016; Civille and Szczesniak, 1973). Various 
techniques like colloid mill (Sethi et al. 2016) may 
be used to reduce the size of the dispersed particles 
in soy milk preparation. Ultra-high-pressure 
homogenization (UHPH) results in smaller and more 
uniform particle sizes.  

Conclusion
An acceptable choco-flavored rice malt-soy 

drink was formulated from suitable Philippine rice 
varieties. Optimum steeping time was established for 
NSIC Rc 160, Rc 400, Rc 300, Rc 15, and Rc 216. 
Optimum germination time was 48 h and suitable 
kilning temperature for malting was 95°C for 24 h. 
This temperature developed a pleasant malt flavor and 
color suited for a huge variety of food applications.

Based on the sensory acceptability, the rice 
malt-soy milk chocolate beverage with 7:3 rice 
malt extract and soy milk ratio were the optimum 
product formulation, which is , comparable with no 
significant difference to the commercially-available 
malt beverage. The ready-to-drink chocolate-flavored 
rice malt-soy milk beverage is a nutritious non-dairy 
alternative and is highly appealing to children ages 
from 3 to 12 years old. An unopened rice malt-
soy milk beverage in an HDPE bottle can be kept 
for 20 days in a refrigerated storage (4 - 7°C). The 
product must be pilot tested and assessed for market 
acceptability.
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Introduction
Taro or gabi (Colocasia esculenta L.) is an 

important food staple of developing countries in 
Africa and Asia (Alcantara et al., 2013). In Asia, the 
Philippines has the largest area devoted to taro grown 
next to China. It is primarily grown for its edible 
corms. In 2012 - 2016, about 15,143 - 16,362 ha of 
Philippine land area was planted with taro, producing 
about 110,365 - 112,262 mt of crop (PSA, 2018). In 
general, the protein and fat content of taro are low, but 
its carbohydrate, fiber, and mineral are high (Arnaud-
vinas and Lorenz, 1999). The gross energy of raw taro 
is 372.56 kcal/100 g dry matter, while the boiled form 
contains 373.69 kcal/100 g (Adane et al., 2013). 

Taro corm is usually consumed boiled, steamed or 
oven-baked. Aside from these usual preparations, taro 
corms can also be prepared into various products such 
as taro-milk tea, taro chips, and ice cream. The corms 
of taro, however, are highly perishable due to their 
high moisture content, resulting in high postharvest 
losses. In addition, taro is an underutilized crop and 
is often considered as a “poor man’s crop or food.” 
Taro can be converted into flour to limit post-harvest 
losses and to fully utilize this crop and improve 
consumption. Taro flour used as a substitute for wheat 
was found to be suitable in the manufacture of a wide 
varieties of baked goods at 15 - 20% level (Njintang 
and Mbofung, 2006) with an increase in yield due 

to higher absorption and improved qualities of the 
baked products (FAO, 1997). 

Rice is the staple food of Filipinos consumed as 
table rice or processed into various products and other 
forms such as rice flour. Rice flour is made from finely 
milled rice, gluten-free, and has lower protein content 
than wheat flour. Gluten provides viscoelasticity 
to bakery products but can cause allergy in some 
humans, particularly those with celiac disease. Thus, 
other cereals such as rice flour, is a good substitute to 
wheat flour (Wanyo et al., 2009). Many bread-making 
companies are now producing rice flour-based bread 
for consumers with allergic reactions (Akari et al., 
2016). Production of taro and rice flours as wheat 
substitutes likewise offers an opportunity to ensure 
food security in countries such as the Philippines, 
which import wheat.

Bakery premixes are mixtures of ingredients 
required in the preparation of various baked goods. 
These are essential products that offer convenience 
for bakers by reducing production time while 
providing consistent premium quality of finished 
products that meet consumer demands; ensuring 
optimal use of ingredients, particularly flour; and 
helping reduce production cost. There are three types 
of bakery premixes: complete mixes, dough bases or 
partial mixes, and dough concentrates (Hegenbart, 
1998). Except for the dough concentrates, the main 
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component of bakery premixes is flour. Development 
of a bakery premix utilizing rice and taro would 
benefit bakers, homemakers, and food enthusiasts 
who are interested in preparing products with 
improved nutritional value.

Using Response Surface Methodology (RSM) 
with D-optimal mixture design, this study produced 
an innovative product using taro and rice flours, 
specifically chocolate crinkle premix with optimization 
of the taro-rice flour formulation. The effect of the 
blending of flours on the nutritional quality of the 
product was also determined.

Materials and Methods
Preparation of taro and rice flours

NSIC Rc 222 was obtained from the Philippine 
Rice Research Institute (PhilRice), Science City of 
Muñoz, Nueva Ecija, Philippines. NSIC Rc 222 has 
high amylose content (23.9%). It was selected due 
to its popularity as a high-yielding variety. It is one 
of the top varieties consistently planted nationwide 
in dry and wet seasons in irrigated fields.  The 
taro (var. Lilia) corms and other ingredients were 
procured from the Science City of Muñoz public 
market. The taro corms were hand-peeled, washed, 
chopped, and oven-dried at 60°C for 24 h. The dried 
taro was powdered using a FossTM Cyclotec 1093 
Sample Mill and passed through a 100-mesh sieve 
(USA Standard Testing Sieve ASTME-11).  Rice was 
polished, powdered, and likewise sieved as mentioned 
above. The flour samples were separately packed in 
polypropylene plastic and stored at 4°C until use.

Formulation of flour blends using D-optimal 
mixture design

The produced TF and RF were blended with APF 
to produce chocolate crinkle premix. Flour blend 
formulations were generated through RSM employing 
D-optimal mixture design. Percentage rates of lower 
and upper limits of each flour were set at (A) TF 30 
and 50%; (B) RF at 10 and 20%; and (C) APF at 30 and 
50%, respectively. The type and amount of flour were 
the independent factors while BD, aw, MC, and AC 
were the response factors. The flour blends’ aw values 
were determined using the Rotronic HygroPalm  
HP-23 (Bassersdorf, Switzerland) in accordance 
with the manufacturer’s instructions. The MC was 
determined by oven drying method (AOAC, 2005), 
while the AC through iodine colorimetric binding 
assay of Juliano et al. (2012).

Preparation, and analyses of chocolate  
crinkle premix 

Crinkle premix formulations containing the flour 
blends were prepared based on the data obtained 

using D-optimal mixture design. Other ingredients 
were held constant, such as cocoa powder (13.3%), 
white sugar (38.0%), baking powder (0.9%), iodized 
salt (0.2%), and confectioners’ sugar (9.5%). These 
ingredients were added into TF-RF-APF blends 
based on flour weight. All ingredients were mixed, 
except for confectioners’ sugar, which was packed 
and sealed separately in polypropylene plastic bag. 
The aw values of the premixes were determined as 
indicated above. The premixes were also subjected 
to OHC and WHC analyses using the methods of 
Beuchat (1977). 

Verification of the RSM model

The RSM model was verified by comparing 
the experimental values with the predicted values 
obtained from the final response regression equations 
described by Musa et al. (2013). 

Preparation and evaluation  
of chocolate crinkles

Three of the optimized formulations with the least 
APF and higher TF concentrations were selected in 
the preparation of taro-rice crinkle to validate if the 
values obtained are at their optimum. The crinkles 
were prepared by adding the premixes with vegetable 
oil (31.5 g), water (74.0 g), egg (72.2 g), and vanilla 
(2.1 g). The 15-g dough was rolled into 1-inch ball, 
coated with confectioners' sugar, placed on cookie 
sheets, and baked in a preheated oven for 10 - 12 min 
at 176.6°C. A control sample was prepared using APF 
alone and evaluated together with the formulations 
with flour blends.

Spread ratio was evaluated by weighing the 
crinkles before and after baking (Zoulias et al., 
2000). The height and diameter were measured 
using a Vernier caliper. In measuring the diameter 
of the crinkles, four samples were placed next to one 
another to obtain the total diameter. After rotating the 
crinkles at 90°, the new diameter was measured. The 
final diameter of the crinkles was taken by getting the 
average of the two measurements then divided it by 
four. The spread ratio was calculated by dividing the 
diameter to its height. 

For the sensory evaluation, one piece of chocolate 
crinkle was packed, sealed, labeled, and individually 
distributed to 60 randomly-selected college students 
(19 - 22 years old) from the College of Home Science 
and Industry, Central Luzon State University (CHSI, 
CLSU) as panelists. The overall acceptability 
was determined using a 9-point hedonic scale (1 - 
dislike extremely; 2 - dislike very much; 3 - dislike 
moderately; 4 - dislike slightly; 5 - neither like nor 
dislike; 6 - like slightly; 7 - like moderately; 8 - like 
very much; 9 - like extremely).  The panelists were 
also asked to rank the samples (1 as the most preferred 
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with no tied answer), indicate their primary reason for 
their selection, and signify their intent to purchase a 
piece of the taro-rice crinkle at either of the following: 
PhP 4.00, 3.00, or 2.00. (1 USD = PhP 52). 

Nutritional Analysis

The crinkle with the highest sensory acceptability 
scores were evaluated for its crude protein, crude fat, 
crude ash, and dietary fiber levels based on AOAC-
approved methods. Total carbohydrate content was 
determined by difference while the energy value 
in kcal/g was calculated using Atwater values. The 
nutritional values were compared with the two 
commercially available crinkle products (1 local and 
1 international)

Analysis of Formulation Cost 

The costs of the three selected optimized 
formulations of chocolate crinkle premixes were 
evaluated based on the overall cost of the ingredients. 
The methods used in producing the crinkle premix 
and crinkles, as well as the analyses conducted, are 
summarized in Figure 1.

Statistical Analysis

Analyses were done threefolds, unless otherwise 
stated. Data were analyzed using ANOVA of the SPSS 
Version 20. Tukey’s Honest Significant Difference 
(HSD) post-hoc test at p<0.05 significance level was 
used to determine differences between means. RSM 
was performed using Design-Expert Software Version 
7.0. The statistical parameters used in evaluating and 
selecting the best-fitted model were the coefficient 
of determination (R2), adjusted coefficient of 
determination (R2 adjusted), coefficient of variation 
(CV), standard deviation (Stdev), predicted residual 
sum of squares (PRESS), lack-of-fit, and regression 
data (p and F values).

Results and Discussion
Rice-taro flour blend formulations 

D-optimal mixture design was used to determine 
the desired characteristics (Nikzade et al., 2012; 
Shaviklo and Rafipour, 2014), reduce the number 
of experimental runs needed to evaluate multiple 
variables (Muteki et al., 2007), and identify the 

Figure 1. Flowchart on Preparation and 
analyses of chocolate crinkle premix 
(BD, bulk density; aw, water activity; MC, 
moisture content; AC, amylose content; 
OHC, oil holding capacity; and WHC, 
water holding capacity)
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interactions statistically. The optimization yielded 
nine formulations (Table 1).

Table 1. Formulations of flour blends generated using 
D-optimal mixture design.

Formulation Taro Flour 
(%)

Rice Flour 
(%)

All-purpose 
Flour (%)

F1 30.0 20.0 50.0
F2 50.0 12.4 37.6
F3 35.0 19.3 45.7
F4 50.0 20.0 30.0
F5 44.1 15.2 40.7
F6 43.3 10.0 46.7
F7 34.4 15.6 50.0
F8 46.7 18.0 35.3
F9 38.7 20.0 41.3

The analysis result of response variables in pure 
flours and nine flour blends are shown in Table 2.  The 
flours and flour blends had comparable BD values, 
which were 0.31 - 0.32 g/cm3. Their aw had mean 
values of ≤ 0.6 and the MC ranged from 5.6 to 10.9%. 
APF had the highest aw, and among those with the 
highest MC values, while TF had the lowest values. 
Hence, formulations with higher APF generally 
produced blends with higher aw that significantly 
differed from those of the other formulations. No 
microbial growth will occur in flours with aw of 0.68 
- 0.70 and ≤ 14% MC (Atwell 2001, as cited by Gurtler 
et al., 2014). Hence, all flours, and flour blends in this 
study will not support microbial growth, and can be 
stored for an extended period.  According to Jane et 
al. (1992), flour AC for baking is usually 18 - 25% 
and the flour formulations in this study are within this 
range. The AC ranged from 21.52 to 23.90% and were 
not significantly different from each other. Amylose 
affects gelatinization and retrogradation of starch; 

the higher the AC, the greater the tendency for the 
starchy product to retrograde. However, high amylose 
affects product texture especially when it is cooled 
after baking (Perdon et al., 1999). Retrogradation 
causes hardening of bread and other starch-rich 
foods, reducing shelf-life, and decreasing consumer 
acceptance (Wang et al., 2015). Although values were 
statistically similar, the flour blends may exhibit 
different retrogradation properties. For instance, rice 
varieties with higher than 22.0% AC are classified 
as high-amylose based on the National Cooperative 
Testing for Rice standards. These varieties have 
a higher tendency to retrograde. Among the taro-
rice flour blends, the lowest AC was observed from 
formulation F2, which has 50% TF (Table 2). The 
actual AC value of F2 was 21.52%. 

Combinations of the flour blends with other 
ingredients in producing the crinkle premix has 
positive interaction with aw values ranging from 0.42 
to 0.55, implying a shelf-stable product (Table 2). 

The WHC of the formulations ranged from 60.20 
to 66.98% and OHC with 102.91 - 138.33%, which 
were higher than the control (33.84% and 97.32%, 
respectively). These signify their better ability to retain 
water and oil, which impacts the products’ texture. 
Altschul and Wilcke (1985) stated that 63.8% WHC 
and 107.0% OHC are good for baked products. WHC 
relates to the hydrophilic character and capability for 
hydrogen bonding of the protein molecules in the flour; 
thus, the ability of a food sample to retain water. WHC 
affects digestion and satiety as well as the nutritional 
value of foods during thermal processing, particularly 
in protein-rich samples. It also impacts the freshness 
and softness of baked products (Capitani et al., 2013). 
OHC indicates the hydrophobic nature of foods (Awolu 

Table 2. Mean physicochemical, and functional properties of flour blend, and chocolate crinkle premix.1

Sample/ 
Formulation

Flour and Flour Blend Analyses     Crinkle Premix Analyses

BD2  
(g/cm3)

aw
3 MC4  

(%)
AC5 
(%)

aw
3 WHC6  

(%)
OHC7  

(%)

Taro flour 0.31a 0.19i 5.65d 22.07a --- --- ---

Rice flour 0.32a 0.45b 9.44bc 22.69a --- --- ---

All-purpose flour 0.31a 0.60a 10.88a 23.90a 0.55a 33.84e   97.32c

F1 0.32a 0.43bc 9.58abc 22.95a 0.47b 64.52abc 138.33a

F2 0.32a 0.39fg 8.95bc 21.52a 0.44cd 60.20d 135.16a

F3 0.32a 0.42cde 9.55abc 22.51a 0.45c 61.01bcd 112.40ab

F4 0.32a 0.36h 8.24c 23.35a 0.42de 66.98a 125.45ab

F5 0.32a 0.40efg 9.33bc 22.87a 0.44c 61.81bcd 121.84ab

F6 0.32a 0.40ef 9.11bc 23.21a 0.44cd 65.18abc 103.93b

F7 0.32a 0.42cd 9.46bc 22.91a 0.44c 64.25abcd 102.91b

F8 0.31a 0.38g 9.25bc 22.36a 0.42de 61.23cd 117.99ab

F9 0.32a 0.41ef 10.25ab 23.13a 0.44c 65.64ab 112.49ab

1Means with the same superscripts within a column are not significantly different at p<0.05.
2bulk density; 3water activity; 4moisture content; 5amylose content; 6water holding capacity; 7oil holding capacity
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Figure 2. Three-dimensional contour plot illustrating the interaction of: (A) %taro flour, (B) %rice 
flour, and (C) %all-purpose flour on the (a) BD, (b) aw, (c) MC, (d) AC of the flour blend, and (e) 
WHC, and (f) OHC of the crinkle premix.

et al., 2016, Akinyedi and Amoo, 2009) and relates to 
the amount of oil that can be absorbed by a sample per 
unit weight (van der Sman, 2015). It is linked to the 
greasiness (Capitani et al., 2013), flavor, and texture of 
food products (Huang et al., 2019). Figure 2 shows the 
three-dimensional plots indicating the influence of the 
different proportions of flours on the BD, aw, MC, and 
AC of the flour blend formulations. 

Effect of flour blend proportions on 
physicochemical properties

The response surface model was calculated to 
evaluate the contribution of each flour variable and 
the quantitative effects on the response. The software 
suggested cubic as the best model that had variation 
of 71.4% for BD, 90.2% for aw, 97.8% for MC, and 
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Table 3. Summary of the p-value of the analysis of variance.

Flour Blend Crinkle Premix. 
BD1 (g/cm3) aw

2 MC3 (%) AC4 (%) WHC5 (%) OHC6 (%)
R-Squared 0.7140 0.9016 0.9776 0.8093 0.70 0.91
Adj R-Squared 0.1421 0.7049 0.9329 0.5708 0.10 0.74

p value 0.4629 0.1196 0.0143 0.1299 1.16 0.10
F value 1.25 4.58 21.85 3.39 0.49 5.34
C.V. % 0.95 2.99 1.27 1.65 7.95 5.63
Lack-of-Fit 0.69 2.14 0.07 5.40 5.96 0.12
Stdev 3.029E-003 0.28 5.096E-003 0.38 4.98 6.72

1bulk density; 2water activity; 3moisture content; 4amylose content; 5water holding capacity; 6oil holding capacity

Figure 3. Taro-rice crinkle premix from the generated optimum flour blends.

80.9% for AC (Table 3). Other percentages of the 
variation to complete 100% was attributed to the 
factors not included in the model. The lack-of-fit test 
showed that the model error and replicate error were 
small, which further validates the suitability of the 
prediction model. 

Optimization of crinkle premix using 
D-optimal mixture design and validation

Data generated in the analyses were further 
subjected to optimization, which produced three 
formulations of flour blends (Figure 3, Runs 11, 
21, and 25) with high desirability. The aim of this 
optimization was to obtain an in-range target for all 
six responses simultaneously with respect to the pre-
defined constraints. At this stage, the defined desirable 
areas of six responses were superimposed and the 
region of interest was generated. The compositions 
of the optimum flour blends are presented in Table 4 
while the crinkles prepared using these formulations 
are shown in Figure 4.

The overall acceptability and spread ratio values 
of the control sample and crinkles prepared using 

the three optimized formulations were comparable at 
p<0.05 (Table 4). The overall acceptability ranged from 
6.77 to 7.17 (like moderately) and spread ratio at 4.07 
- 4.71. Spread ratio is a measure of cookie quality and 
higher value yields better cookies (Mudgil et al., 2017). 
These results showed that the optimized formulations 
generated by the software had good reproductibility, 
signifying interchangeablity of the formulations. 

R25 crinkle was the most preferred by the panelists 
followed by the R21, control, and R11 (Figure 5A). 
The primary reasons for choosing the most preferred 
sample were taste and texture (Figure 4A). The 
frequency of willingness to purchase the sample if 
it is commercially available was 92%. Majority of 
the panelists (55 - 57%) were willing to purchase the 
crinkles at PhP 3.00/pc (Figure 5C). Thus, R25 was 
used for subsequent nutritional analysis.

Verification of the model

Results of the analyses were found to be in 
good agreement with the predicted values (Table 5). 
According to Ross (2020), a Relative Standard Error 
(RSE) of less than 25% is acceptable. Therefore, the 

Table 4. Overall acceptability and spread ratio of crinkle optimized formulations.

Crinkle Sample Taro Flour % Rice Flour % All-purpose Flour % Overall Acceptability Spread Ratio
Control 100 6.77 4.71
Run 11 49.5 17.0 33.5 7.17 4.07
Run 21 47.6 17.1 35.2 7.12 4.07
Run 25 47.0 17.2 34.8 7.12 4.35
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Figure 4. Taro-rice crinkles produced from the premixes with the generated optimum flour blends.

Figure 5. Sensory ranking (A), panelists’ primary reason for choosing the most preferred samples (B), and the 
purchase intent of taro-rice crinkle (C).
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Table 5. Optimum and predicted values of three selected optimized formulations of chocolate 
crinkle premix. 

Analyses Optimized 
Formulations

Predicted  
Value

Optimum 
Value RSE (%)

Bulk density (g/cm3) R11 0.31 0.32 3.23
R21 0.32 0.32 0.00
R25 0.31 0.32 3.23

Water activity R11 0.38 0.40 5.26
R21 0.38 0.40 5.26
R25 0.38 0.41 7.89

Moisture content (%) R11 9.00 9.58 6.44
R21 9.08 9.56 5.29
R25 8.74 9.59 9.73

Amylose content (%) R11 22.15 22.58 1.94
R21 22.67 22.57 0.44
R25 22.20 22.60 1.80

Water holding capacity (%) R11 65.38 62.26 4.77
R21 66.69 62.03 6.99
R25 65.41 62.04 5.15

Oil holding capacity (%) R11 111.46 107.32 3.71
R21 111.12 106.93 3.77
R25 112.48 107.18 4.71

finalized equation for BD, aw, MC, AC, WHC, and 
OHC generated by the software was acceptable for 
the chocolate crinkle premix formulation.

Nutritional analysis

The nutritional quality of the crinkles using R25 
premix formulation, along with commercial samples 
available locally and abroad, is shown in Table 6. 
The product made with TF-RF-APF blend had high 
protein, fat, and carbohydrate content of 8.4%, 11.8%, 
and 74.6%, respectively, with a total energy of 438.2 
kcal. Taro contains higher amount of carbohydrates, 
protein, starch, and other nutrients than other root 
crops and cereals (Temesgen and Retta, 2015). This 
could be attributed to the higher crude protein and 
carbohydrate content of the crinkles using the taro-
rice premix compared with the commercial products 
with similar fat content. In milled white rice, the 
important nutrients found per 100 g at 14% MC were 
crude protein (6.3 - 7.1 g), crude ash (0.3 - 0.8 g), 
crude fiber (0.2 - 0.5 g), total dietary fiber (0.7 - 2.3 g), 
carbohydrates (77 - 89 g), and sugars (0.2 - 0.5 g) that 
give energy content of 349 - 373 kcal (Juliano, 2007).

The ash or the mineral content of the crinkle is 
2.7% (Table 6). Minerals found in different varieties 
of taro include potassium, phosphorus, magnesium, 
calcium, sodium, and at lower quantities: iron, zinc, 
copper, and boron (Huang et al., 2000). 

The carbohydrate content of the TF-RF-APF 
crinkles was higher per serving than the two 
commercial products (Table 6).  According to Kumar 
et al. (2015), taro is a good source of starch, and 

increasing the amount of taro flour in a taro-wheat 
composite flour resulted in improvements of starch 
content with no detectable levels of total sugars. The 
DF of taro-rice crinkle was likewise high at 17.5%. 
The high DF may be attributed mainly to the taro 
because wheat and polished rice are not good sources 
of this nutrient due to the removal of fiber-rich bran 
layers when these grains are polished. This finding 
agreed with the report of Kumar et al. (2015), who 
observed that fiber content was higher in taro-wheat 
flour composites with higher levels of taro flour. In 
gluten-free cookies, improved fiber levels were also 
observed with the utilization of taro flour (Giri and 
Sajeev, 2020; Tekle, 2009), as well as carbohydrate 
and ash content (Tekle, 2009). Huang et al. (2000) 
reported that DF of taro grown in Hawaii was 3.6 - 
3.8%. The DF value of the rice-taro crinkles indicates 
that DF of the taro used in this study is higher, which 
could be due to varietal differences. 

A serving size of a one-piece taro-rice crinkle, 
weighing either 17 or 20 g, was superior to the 
commercial products, notably in terms of the total 
carbohydrates and DF (Table 6). It also provides 
higher energy, which was mainly attributed to its high 
carbohydrate content. The DF was significantly higher 
than those of the commercial products with similar fat 
content. According to Hazen (2012), 4 - 5% fiber can be 
incorporated in similar products such as muffins and 
pound cakes, which is lower than the DF of the TF-RF-
APF crinkles. DF is a type of carbohydrate that resists 
digestion and absorption (Ötles and Ozgoz, 2014). One 
of the important roles of different types of fiber is their 
ability to act as prebiotics, or substances which alter 
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the types and activities of the bacteria, or microflora 
living inside the human gut (UMHS, 2016). High fiber 
intake lowers the risk of developing hypertension, 
cardiovascular disease, obesity, diabetes, and certain 
gastrointestinal diseases (Ötles and Ozgoz, 2014).

Analysis of formulation cost

The use of TF and RF lowered the cost of crinkle 
premix (Table 7). The control had a formulation cost 
of PhP 51.92. R11, R21, and R25 had costs ranging 
from PhP 44.78 to PhP 44.92 based on 300 g mixture. 
This mixture, regardless of formulation, produces 15 
pc of crinkles, which costs about PhP 3.70/pc. Adding 
the 20% markup if commercialized, the taro-rice 
crinkle is competitive with those already available in 
the market, which usually costs about PhP 4 - 5/pc.

Conclusion and Recommendations
This study converted taro into flour and blended 

with rice flour to produce taro-rice crinkle premix. 
The three optimum premix formulations consisted of 
49.5% TF, 17.0% RF, and 33.5% APF (R11); 47.6% 
TF, 17.1% RF, and 35.3% APF (R21); and 47.0% 
TF, 18.2% RF, and 34.8% APF (R25). Formulation 

R25 yielded crinkles, which were the most preferred 
by the panelists, and produced with the lowest cost 
at PhP 44.78/300 g net weight or PhP 3.66/pc. The 
crinkles produced could provide higher contents of 
carbohydrate, DF, and energy than some commercially 
available products with the same serving sizes. These 
results showed that taro and rice flours can be used 
as partial replacements for wheat flour in developing 
innovative and nutritious food products such as crinkle 
premix. Consumer sensory evaluation using home-
use test, evaluation of the shelf life of the crinkle 
premix, and determination of appropriate packaging 
are recommended for the upscale production and 
commercialization of the product.
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Table 6. Nutritional composition of chocolate crinkles based on serving size.

                                             per 100g1     per 20g1        per 17g1

Property TF-RF-APF2 Local TF-RF-APF2 International

Crude protein (g) 8.4 2.0 1.0 1.0 0.9
Crude fat (g) 11.8 2.5 2.5 2.0 1.9
Crude ash (g) 2.7
Total carbohydrates (g) 74.6 15.0 13.0 12.0 11.0
Dietary fiber (g) 17.5 4.0 1.0 3.0 0.3
Total energy (kcal) 438.2 90 80 74 63

1based on nutrition label
2R25 formulation

Table 7. Formulation cost of the selected optimum chocolate crinkle premix.

Ingredients Price Quantity Cost (PhP)
PhP/g Control R11 R21 R25 Control R11 R21 R25

Premix
Taro flour 62.5/500 - 54.37 56.52 53.65 - 6.80 7.06 6.71
Rice flour 17.5/500 - 19.56 19.40 20.74 - 0.68 0.68 0.73
APF 97.92/500 114.17 40.24 38.25 39.77 22.36 7.88 7.49 7.79
Cocoa powder 299/1000 39.96 11.95
White sugar 60/500 114.17 13.70
Baking powder 13/50 2.69 0.70
Salt 10/250 0.48 0.02
Confectioners’ sugar 28/250 28.54 3.20

Total cost (premix formulation), PhP 51.92 44.92 44.80 44.78

Other ingredients
Vegetable oil 50/921.4 31.50 1.71
Egg 6/72.2 72.20 6.00
Vanilla 250/219.8 2.10 2.39

Total cost (crinkle mixture + premix), PhP 62.02 55.02 54.90 54.88

Price per crinkle (300 g mixture yields 15 pc) 4.13 3.67 3.66 3.66
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Abstract
Rice is the main staple food in the Philippines. One of its by-products is rice bran, which is typically used 

as primary ingredient for animal feed. However, in recent years, it has been treated as a potential ingredient for 
the preparation of nutraceuticals considering its various health benefits particularly preventing different kinds 
of diseases.

 Fermented rice bran (FRB) is a good source of dietary fiber, vitamins, minerals, amino acids, essential 
fatty acids, and antioxidants. Several countries have been adding FRB to their food products for additional 
health benefits. In the Philippines, incorporating FRB to food is still a new concept. In fact, there are no FRB 
incorporated food products available in the market and no studies determining its potential. This study determined 
the consumer’s willingness to buy (WTB) major native delicacies in Leyte, Philippines, that are enhanced with 
FRB. Before incorporating FRB in the native delicacies, it is crucial to understand the consumers’ WTB towards 
these products as it can guide food experts and product developers on its development and help identify their 
market value and consumer’s acceptability. 

Purposive sampling was done through a face-to-face survey from the 200 consumer-respondents of these 
native delicacies aged 15 - 64 years old. Results showed that 68.5% of the respondents are willing to buy native 
delicacies incorporated with FRB. This study also showed that perceived taste and consumers’ income positively 
influenced the consumers’ WTB the products, while perceived expensive price is found to be a negative and 
significant predictor. Thus, food experts and developers must also ensure that the combination of FRB and native 
delicacies will not negatively alter the taste of the new product formulation. Moreover, affordability is essential 
in setting the prices of these products. 

Keywords: Fermented Rice Bran, Willingness to Buy, New Product Development 

Introduction
Rice is considered as the most important crop in 

the Philippines (Bordey, 2010). It is the main staple 
food for majority of the Filipinos. Milling of paddy 
rice produced 69% starchy endosperm (milled rice), 
20% rice husks, and 11% rice bran (Dhankhar, 2014). 
One of the government's priorities in the Philippine 
Rice Industry Roadmap 2030 is to ensure access 
to safe and nutritious rice through the Department 
of Agriculture (DA), which aims to increase the 
availability of value-added rice and related products 
(DA, 2018).

Rice is abundantly grown throughout the country. 
Its production in the Philippines reached 19.32 M 
metric tons (Mmt) in 2021, higher than 2.6% from 
the previous year. In 2021, the Philippine Statistics 
Authority (PSA) reported that Central Luzon, Cagayan 
Valley, and Western Visayas are the country’s main 
rice-producing regions. In Eastern Visayas, rice 

produce was 272,182 Mmt with Leyte accounting for 
148,509 Mmt or 54.6% of the total production during 
the fourth quarter of 2020 (PSA, 2021). 

Rice bran, a rice by-product, is the brownish 
portion of rice that is taken out in fine grain form 
during de-husking and milling of paddy (Nagendra 
et al., 2011). One hundred kilograms of paddy 
rice can generate approximately 5 - 10 kg of bran 
(IRRI, n.d.). It is typically used as an ingredient in 
animal feed especially for ruminants and poultry, 
but is currently treated as a potential source in the 
preparation of nutraceuticals because of its various 
health benefits specifically in disease prevention 
(Alauddina et al., 2017). Rice bran is rich in dietary 
fiber, vitamins, minerals, amino acids, essential fatty 
acids, and antioxidants like γ -oryzanol, tocopherol, 
and tocotrienol. There is also strong evidence that 
rice bran may be beneficial in reducing the risk of 
cardiovascular diseases and colon cancer (Sharif et 
al., 2014). 

FULL PAPER
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Rice bran has drawn important attention in the 
food industry for its potential to be incorporated 
in various food products. Several studies show that 
rice bran can be used as an ingredient in producing 
healthy food products, and that there is a need to 
consider it as a food rather than a feed ingredient 
(Issara and Rawdkuen, 2016; Sharif et al., 2014). 
Likewise, the growing popularity of healthy meals 
and beverages has demanded the exploration of 
the possible underutilized rice by-products with 
beneficial properties such as rice bran (Issara and 
Rawdkuen, 2016).

Fermented rice bran (FRB) is considered as a new 
type of nutritional food adjunct and is commonly 
fermented with Saccharomyces cerevisiae, Lentinus 
edodes, or Issatchenkia orientalis (Kim and Han, 
2014). Fermentation enhances the phytochemical 
contents of rice bran in accordance with its variety 
(Kim and Han, 2014). In some countries, FRB has 
been used in the food industry by incorporating 
it into food products for additional health benefits 
(Ono, 2014; Cao et al., 2021; Christ-Ribeiro et al., 
2021). Christ-Ribeiro et al. (2021) discovered that 
FRB can be used as a wheat flour substitute in baking 
cookies. The reconstitution of brown rice flour and 
ball-milled rice bran improves the quality in terms 
of volume, springiness, and resilience of brown rice 
food such as steamed brown rice cakes (Cao et al., 
2021). The fermented rice bran bed called Nukadoko 
was traditionally used for Nukazuke, a type of pickled 
vegetables in Japan (Ono, 2014).

Despite the world-wide potential of FRB in 
enhancing the functionality of food products, it is still 
uncommon and a new concept in the Philippines. There 
are no FRB-food products available in the market 
and no studies conducted to determine the potential 
of incorporating FRB into Philippine food products. 
This study identified the consumer’s willingness to 
buy (WTB) or purchase intention towards native 
delicacies of Leyte that are incorporated with FRB.  

Leyte’s major native delicacies include binagol, 
moron, suman latik, and bibingka. These rice-based 
native delicacies are commonly consumed as snacks. 
Binagol is made of flour, sugar, milk, and crushed 
“talyan”, which is a local name for a root crop similar 
to cassava. Moron, which is also called chocolate 
moron is a type of rice cake prepared using glutinous 
rice, coconut milk, sugar, and tablea prepared from 
native grown cacao seeds, which are roasted, ground 
finely and molded into small patties. Suman-latik 
is another type of rice cake made of glutinous rice 
or sticky rice, brown sugar, and coconut milk.  It is 
flavored with lye solution and served with latik sauce 
(a syrup made from the mixture of coconut milk and 
sugar) topped with grated coconut meat along with 

hot chocolate or coffee (SunStar, 2015). Bibingka, a 
rice cake which is traditionally placed in moulders 
lined with banana leaves and baked using native oven 
with flaming coals below and above the cover. 

These native delicacies have high GI as rice is 
the main ingredient. Incorporating FRB in these 
foods can increase dietary fiber (from the rice 
bran) and consequently can lower the GI content 
of food. Likewise, the prebiotics and probiotics in 
the FRB will also counter the effect of sugars and 
carbohydrates in the gut. The added fiber will also 
delay absorption/conversion of glucose in the food. 
Studies have shown that adding rice bran lowers the 
GI of food products (Trinidad et al., 2010; Nakamura, 
et al., 2017; Ijarotimi et al., 2021; Sapwarobol et al., 
2021) and enhances gut health (Nealon et al., 2019; Ai 
et al., 2021; Seyoum et al.,2022). Producing healthier 
version of these native delicacies through FRB may 
help address health concerns of consumers. 

Before incorporating the FRB to native delicacies, 
it is imperative to understand the consumers’ WTB of 
these new food items to guide product developers and 
processors. It will also help them formulate marketing 
strategies when these products will be made available 
in the market.

Materials and Methods
Participants, Study Location, and Data 
Collection Procedure

The study was conducted in the major cities of 
Leyte: Baybay, Ormoc, and Tacloban. These cities 
have the highest population in the province, and 
are known as the economic hubs where businesses 
and demand for consumer goods and services are 
concentrated. Four major rice-based native delicacies 
that have the potential to be incorporated with FRB 
namely, binagol, moron, suman-latik, and bibingka, 
were identified through a focused group discussion 
participated by selected food technologists. 

After identifying these major native delicacies, 
a personal survey was conducted to product 
consumers aged 15 - 64 years old. This age group 
has the independent capacity to decide on the 
products they want to buy for themselves or for their 
households (Ballesteros and Abilgos-Ramos, 2018). 
There were 200 respondents interviewed who are 
proportionately distributed in the three cities. The 
survey was conducted at the cities’ public markets 
and transportation terminals where most of the native 
delicacies are sold. Due to the COVID-19 pandemic, 
health protocols such as physical distancing and 
wearing of face masks were strictly followed 
throughout the survey. 
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Research questionnaire 

A structured questionnaire was used to collect 
market information such as awareness and knowledge 
towards FRB, its health benefits, consumer’s 
perceptions on the major native delicacies, and WTB 
or willingness to pay for major native delicacies 
added with FRB, as well as reasons for unwillingness 
to buy the product. 

Data analysis

Descriptive analysis specifically means, frequency 
counts, and percentages were employed to describe 
the data on respondents’ demographic characteristics, 
awareness, perceptions, health consciousness, and 
WTB. On the other hand, binary logistic regression 
was used to identify the determinants of consumers’ 
willingness to buy FRB- incorporated native 
delicacies. 

Results and Discussion
Socio-demographic characteristics of native 
delicacies consumers 

The 200 respondents were from Baybay (19%), 
Ormoc (38%), and Tacloban (43%). There were 136 
female and 64 male consumers of which the average 
age was 34 years old. More than half (53.5%) are 
married, 41.5% are single, while 3% are widows/
widowers, and the remaining were separated (2%). 
The predominance of female respondents could be 
linked to the observation that Filipino mothers and 
wives are the primary decision makers on household 
expenditures such as food, clothing, and other daily 
expenses (David, 1994).

Most consumers in the study have college 
education (63%) while 22% attained high school. 
Majority of them were self-employed (38%), 19% 
were students, 17% were not yet employed and served 
as housewives or househusbands in the family, 12% 
were employed either in the government or private 
firms, while the remaining 16% preferred not to 
specify their occupations. 

In terms of income, 61% of the consumers earned 
less than PhP 10,000 a month; 21% earned PhP 10,001 
to PhP 20,000 per month; 15% with PhP 20,001 - PhP 
30,000, while only few (3%) earned PhP 30,001 - 
PhP 50,000. The respondent identified themselves 
as health conscious (96%) and not health conscious 
(4%). The socio-demographic profile of respondents 
is reflected in Table 1.

Understanding the socio-demographic characteristics 
of the buyers is important as these variables may 
impact the buyer’s purchase behavior towards a 
particular product (Kotler and Keller, 2012). Similarly, 

knowing the socio-demographic characteristics of the 
native delicacies consumers is essential to determine 
which of the socio-demographic variables would 
affect consumers’ WTB these native delicacies if 
added with FRB. 

Table 1. Respondents’ socio-demographic profile (n = 200)

Characteristic

Average Age: 34 years old

Frequency Percent  
(%)

Gender 
Male 64 32
Female 136 68

Civil Status 
Single 83 41.5
Married 107 53.5
Separated 4 2
Widow/Widower 6 3

Educational level 
Highschool graduate 43 22
College level 61 31
College graduate 64 32
Not specified 32 16

Occupation 
Housewife/househusband 34 17
Government/private employee 23 12
Self-employed 75 38
Student 37 19
Not specified 31 16

Monthly Income (PhP)
below 10,000 121 61
10,001-20,000 43 22
20,001-30,000 30 15
30,001-50,000 6 3

Decision maker 
Father/husband 28 14
Mother/wife 143 72
Both parents 17   9
Not specified 12    6

Health conscious 
Yes 192 96.0
No 8 4

Consumers’ awareness on FRB  
and its health benefits 

Results of the survey showed that majority (176 
or 88%) of the native delicacies consumers were 
not aware of FRB (Figure 1) mainly because of the 
limited information on fermented rice bran in the 
Philippines. In fact, FRB has not been used as food 
ingredient in the county. Consumers who were aware 
(24 or 12%) about fermented rice bran identified their 
families, friends, communication media, market 
outlets, and training and seminars as their sources of 
information (Table 2). 
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Table 2. Sources of awareness on FRB (n = 24)

Variable Frequency Percent (%)
Family 15 62.5
Friends 6 25.0
Communication media 3 12.5
Market outlets 2  8.3
Trainings/Seminars 1  4.2

*multiple response

Table 3 shows that respondents who were aware 
of FRB also knew about a few of its health benefits 
such as it is a dietary fiber source (66.7%), aids in 
cholesterol reduction (66.7%), it is an antioxidant 
(50%), and increases muscle mass (33.3%). 

Table 3. Awareness on the health benefits of FRB (n = 6)

Variable Percent (%)
Source of dietary fiber 66.7
Cholesterol reduction 66.7
Antioxidant property 50.0

Increases muscle mass 33.3

*multiple response

Consumers’ perceptions on major native 
delicacies if added with FRB

Consumers have different perceptions when it 
comes to incorporating FRB to binagol, moron, 
suman-latik, and bibingka. Results showed that 
majority of the respondents perceived it as nutritious 
or healthy (86.5%) and tasty (63%). On the other hand, 
39% of the consumers perceived it as expensive while 
22.5% said the product tasted bad. The products’ 
price was perceived by 40.5% of the consumers 
to be reasonable considering the health benefits. 
Moreover, they perceived that the product has a long 
shelf life (37%) while few (14.5%) viewed it to have 
a short shelf life. Overall, the respondents manifested 

positive perceptions about incorporating FRB to 
these native delicacies (Table 6), which provides a 
favorable insight of their WTB should the products be 
released in the market. As concluded by Lim and An 
(2020), consumers who have positive attitudes toward 
well-being products are more likely to purchase them 
in the future.

Table 4. Respondents’ perceptions of FRB incorporated 
major native delicacies (n = 200)

Variable Frequency Percent (%)

Nutritious/healthy 173 86.5

Tastes good 126 63.0

Price is comparable with 
benefits 81 40.5

Expensive 78 39.0

Long shelf life 74 37.0

Tastes bad 45 22.5

Short shelf life 29 14.5

*multiple response

Consumers’ willingness to buy major native 
delicacies added with FRB

Majority of the consumers (137 or 68.5%) 
expressed willingness to buy Binagol, Moron, 
Suman-latik, and Bibingka if added with fermented 
rice bran while 63 consumers or 31.5% are not 
willing and hesitant to buy the products (Figure 2). 
Consumers who were not willing to buy these native 
delicacies if added with FRB said that they are unsure 
about the taste (60%), they distrust new foods (26%), 
and they perceived that the product is expensive 
(14%) (Table 5). Meanwhile, consumers who were 
hesitant to purchase native delicacies if added with 
FRB expressed that they are unsure about the taste 
(64%) and product appearance (24%) and that they 
are afraid to eat new food (11%) (Table 6).  

Figure 1. Respondent’s awareness on FRB (n = 200).
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Table 5. Reasons for respondents’ unwillingness to buy 
native delicacies when incorporated with fermented rice 
bran (n = 19)

Reason Frequency Percent (%) 

Not sure about the taste 56 60.0

I don’t trust new foods 24 26.0
Maybe expensive due to 
added nutrient contents 13 14.0

*multiple response

Table 6. Reasons for respondents’ hesitations to buy native 
delicacies when incorporated with fermented rice bran (n = 
46). 

Reason Frequency Percent (%)

I’m not sure how the product 
taste 158 64.0
I can’t imagine how it looks 
(appearance) 59 24.0
I’m afraid to eat food I never 
had before 28 11.0

 
Willingness to Pay for Native Delicacies when 
Incorporated with FRB

In Leyte, the current market price of Binagol 
is PhP 35 per piece, PhP 14 for Moron, and PhP 10 
for suman latik and bibingka. Consumers were also 
asked about the extent of their willingness to pay 
for these native delicacies if incorporated with FRB. 
For Binagol, they were willing to pay PhP 37 per 
piece, PhP 12 for Moron, PhP 15 for suman latik, and 
PhP 15 for bibingka (Table 7). Results showed that 
consumers were willing to pay, in a price difference 
of PhP 1 - Php 5, for the additional health benefits 
they can gain from  the FRB-enriched binagol, 
suman-latik, and bibingka. For Moron, consumers 
are willing to buy its enhanced version if its cost is 
lower than the current price.  Most of the consumers 

earn PhP 10,000 and below a month; thus, possibly 
affecting their hesitations on paying more for these 
value-added or functional products. This result 
implied that affordability should be considered in 
setting product price. 

Table 7.  Consumers’ willingness to pay for FRB-enriched 
native delicacies.

Major Native 
Delicacies
(per piece)

 (PhP)

Current Price
(without FRB)

Consumers 
Willing to
Pay Price  

(with FRB)

Difference
(PhP)

Binagol 35 37 2
Moron 14 12  2
Suman-latik 10 15 5
Bibingka 10 11 1

Table 8 shows the quantity of FRB-enriched native 
delicacies that they   are willing to buy. Consumers 
were willing to buy four pieces of Binagol, eight of 
Moron, and six of Suman-latik and Bibingka. 

Table 8.  Purchase volume for native delicacies if incorporated 
with FRB.

Major Native Delicacies Quantity/Purchase (Pcs)

Binagol 4

Moron 8

Suman-latik 6

Bibingka 6

Determinants of Consumers’ WTB Native 
Delicacies when Incorporated with FRB

Table 9 presents the results of the binary logistic 
regression analysis. It was found that perceived good 
taste (b=2.444, p=.000) is a positive and highly 
significant predictor of consumers’ WTB native 
delicacies if incorporated with FRB. This means that 

Figure 2. Consumers’ willingness to buy major native delicacies when incorporated with FRB (n = 200).
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for every one unit increase on the perceived good taste, 
the likelihood of the consumers’ WTB increased by a 
factor of 2.444. This further implies that consumers 
expect that adding FRB inBinagol, Moron, Suman-
latik, and Bibingka should not negatively alter the 
tastes of these products. Thus, food developers 
must prioritize the taste buds of the consumers in 
developing or producing these delicacies. Income (b 
= 1.041, p = .084) was also found to positively and 
significantly influence consumers’ WTB at 10% level 
of significance. The result implies that consumers 
with higher income are more likely to buy these 
upgraded native delicacies. 

On the other hand, being expensive was a negative 
and significant (b = -1.010, p = .026) predictor of 
consumers’ WTB. This indicates that for every one-
unit increment in the perceived expensive price, the 
odds of the consumers’ willingness to buy the product 
decreased by a factor of 1.01. Consumers expect that 
adding FRB in Binagol, Moron, Suman-latik, and 
Bibingka will not considerably increase the price. 

Table 9. Regression analysis for factors affecting consumers’ 
WTB delicacies when incorporated with FRB.

Variable Coefficient Significance 

Perceived good taste 2.444    .000***

Perceived expensiveness -1.010  0.026**

Income  1.041 .084*

Constant 17.958  .999

Observations 200

R-squared 0.366
***significant at 1% level;  **significant at 5% level;  *significant at 10% level

Conclusion
The FRB is undeniably a good source of nutrients. 

In some countries, it has been used as an adjunct to 
food products such as bread, cookies, rice cakes, 
and vegetable pickles for additional health benefits. 
However, in the Philippines, FRB has not been 
incorporated in food products for increased product 
functionality. This study assessed consumers’ 
willingness to buy FRB-enhanced native delicacies 
in Leyte. 

Despite consumers’ high percentage of 
unawareness on FRB, they manifested positive 
perceptions about its incorporation in the major native 
delicacies in their hometown. They perceived it as 
being nutritious, healthy, and tasty with reasonable 
price and a long shelf life.  Majority (68.5%) of 
the consumers were willing to buy FRB-enriched 
Moron, Binagol, Suman-latik, and Bibingka. Income 
and perceived good taste are positive and significant 
predictors of consumers’ willingness to buy these 
upgraded native delicacies. These results suggest 
that adding FRB in Moron, Binagol, Suman-latik, 

and Bibingka must not negatively alter the taste of 
these products. The products should also be sold at an 
affordable price.

Recommendations
Product developers or processors must pursue 

the development of FRB-incorporated major native 
delicacies as a high percentage of the consumers 
show their willingness to buy the enhanced products. 
Marketers should conduct intensive promotional 
activities such as radio and TV advertisement and 
distribution of flyers and other IEC materials through 
social media platforms to increase consumers’ 
awareness. In developing the product, FRB should 
not negatively alter the taste of the delicacies because 
consumers value taste, which would also lead to 
possible repeat purchases. Affordability should also 
be considered in setting the prices for these FRB 
products. Market specialists must position FRB-
enriched native delicacies as healthy and functional 
food products as most consumers identified 
themselves as health-conscious. For future research, 
a marketability study on the products should be 
conducted and a prototype must be introduced to the 
respondents for actual product attributes evaluation.
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Abstract
 Poor seedling growth limits the establishment and production of rice in the upland and rainfed areas in the 

Philippines  due to moisture loss. This study evaluated the effectiveness of Streptomyces mutabilis (S. mutabilis) 
on improving rice seedling growth of NSIC Rc 160, which include shoot and root length and seedling vigor. 
S. mutabilis is a gram-positive filamentous actinomycete, which was previously proven to improve growth 
and yield of rice through production of plant growth-promoting compounds such indole-3-acetic acid (IAA) 
and 1-aminocyclopropoane carboxylic acid (ACC)- deaminase. Results showed that S. mutabilis  inoculant 
significantly increased root and shoot growth by 43.4 and 62.5%, respectively, relative to uninoculated control. 
Long root hairs were also evident in the inoculated treatment. S. mutabilis  inoculation significantly increased 
seedling vigor index by 38.4% compared with  uninoculated control. The effect of inoculation on the growth of 
rice seedling roots was evident starting at 4 - 7 days after sowing (DAS). The results showed the effectiveness 
of S. mutabilis  in enhancing rice seedling growth. However, further evaluation of its effectiveness under field 
conditions is needed. 

Keywords: Bioinoculant, Plant PGPB, Seedling Growth, Seedling Vigor, Streptomyces mutabilis

Introduction
Rice production in Philippine upland areas suffers 

from limited water supply. According to Mohanty et 
al. (2013), these  areas are prone to drought because 
of the present climatic conditions. Consequently, 
upland rice yield in the country is low, which is 
approximately  2 t ha-1 (Cruz et al., 2015).

Poor crop establishment in drought-stress affected 
areas is mainly due to moisture loss. Soil evaporation 
leads to a large amount of moisture loss where 90 - 
95% occurs in .5 - 1.0 mm soil layer, which is the 
optimum depth for crop sowing (Ritchie and Johnson, 
1990; Tian et al., 2014). Rapid seed germination and 
good seedling vigor is vital to the crop’s survival 
and productivity  by efficiently utilizing the water 
content of the soil before moisture loss occurs. Fast 
and uniform emergence of seed plays an important 
role as basis of crop establishment and potential 
yield (Orchard, 1977). Seed vigor and viability are 
important components influencing the seedling 
establishment, crop growth, and productivity (Sawan 
et al., 2011). 

Plant Growth-promoting Bacteria (PGPB) as 
biofertilizers is a significant part of the integrated 
plant nutrient management systems, particularly in 
rainfed areas, where farmers  rely either on “no-cost” 

or “low-cost” inputs (Desai et al., 2016). PGPB are 
usually defined as microorganisms that can grow 
in, on, or around plant tissues stimulating plant 
growth by variety of mechanisms including nitrogen-
fixation, phosphate solubilization, sequestering iron, 
modulation of phytohormone levels, IAA, ACC-
deaminase, and  siderophore production (Vessey, 
2003; Glick, 2012). Worldwide, the agro-industry’s 
efforts in searching for an effective microorganism 
for plant growth-promotion has surged in the recent 
years, and has shown great interest in actinomycete as 
a source of agro-active compounds and of biocontrol 
tools (Behal, 2000; Tanaka and Omura, 1993).

Actinomycetes are gram-positive aerobic bacteria 
showing fungi-like filamentous growth (Jeffrey, 
2008).  They are one of the major components of 
the microbial population present in soil, interacting 
diversely with higher plants (Franco-Correa et al., 
2010; Muthu et al., 2013). Recently, these filamentous 
bacteria were placed in a  new niche as potential PGPB. 
They produced IAA, ACC-deaminase, siderophore, 
and can  solubilized phosphate in vitro (Cruz et al., 
2014). PGPB produce IAA in the presence of seed 
exudates, which could trigger faster seed germination 
(Mia et al., 2012). In addition, these bacterial species 
have been found to produce gibberellic acid (GA3), a 
valuable member of the gibberellins family that acts as 
a natural plant growth hormone, which is responsible 
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each treatment (with three replications) and grown 
and incubated at room temperature. Moisture was 
maintained by regularly watering the seeds with 
sterilized AGS broth (about 5 ml per Petri dish) using 
a pipettor. The number of germinated seeds were 
recorded everyday, starting at 3 days after sowing 
(DAS). The seed has already germinated when the 
emerged radicle is ≥ 2 mm. Percent seed germination 
was calculated using the formula:

The root and shoot length of individual seedlings 
were measured after 7 days to determine the vigor 
index using this formula (Abdul Baki and Anderson, 
1973):

Experimental design and statistical analysis

The experiment was arranged in a complete 
randomized design while data were analyzed using 
statistical package for the social sciences (SPSS) 
software version 21. 

Results and Discussion
Effectiveness of actinomycete inoculant on 
seedling growth and seedling vigor

The effect of S. mutabilis inoculation on seedling 
growth and vigor was evaluated. The S. mutabilis 
inoculation on root and shoot length and seedling 
vigor index were significant at P < 0.05. It also 
significantly increased the root and shoot growth at 
7 DAS. Inoculated seedlings exhibited significantly 
better root (57.8 mm) and shoot (61.6 mm) growth than 
the control. Root and shoot length were increased by 
43% and 62.5%, respectively (Figure 1).  A higher 
vigor index of 901.06 was obtained in inoculated 
seedlings than the uninoculated control with 555.06. 
The inoculation increased seedling vigor index by 
38.4% (Figure 2). Rapid germination serves a vital role 
on seed’s survival in the field and its potential yield. 
High vigor seeds is one of the prerequisites for better 
establishment of seedling in the field (Mia et al., 2012). 
Vigorous rice seedlings will have a higher chance of 
surviving under drought-prone rainfed ecosystem. 
Rapid early growth reduces water loss by lessening 
evaporation and transpiration loss through early 
canopy closure; therefore, conserving soil moisture 
for plant utilization (Kumar et al., 2009). Cruz et al. 
(2020) reported that the potential of S. mutabilis in 
improving crop growth during early vegetative stage 
in a rainfed upland condition was determined through 
quantifying its effect on seed germination, seedling 

in controlling several development processes (Patil 
and Patil, 2012). There is a great potential that certain 
strains of actinomycete such as S. mutabilis may 
improve seedling growth and vigor. Suralta et. al 
(2017) reported that shoot length of  inoculated seeds 
was increased by 28% over uninoculated control at 
5 days after inoculation. Similarly, inoculation with 
S. mutabilis increased seminal root length of NSIC 
Rc 192 by 35% relative to uninoculated control. Root 
hair length was also promoted due to S. mutabilis 
at 3 days after germination relative to uninoculated 
control. S. mutabilis is capable of producing growth-
promoting enzymes, which are helpful in improving 
seedling and root growth. In this study, the effect of  
S. mutabilis on seedling growth and seedling vigor of 
NSIC Rc 160 was evaluated. 

Materials and Methods
The study was conducted in 2017 at the Philippine 

Rice Research Institute Central Experiment Station 
(PhilRice CES) under laboratory conditions. It was 
composed of two treatments: (1) uninoculated with 
argine-glycersol-salt or arginine-glycerol-salt (AGS) 
broth alone and (2) inoculated with AGS broth and S. 
mutabilis. The AGS broth consists of the following: 
arginine monohydrochloride, 1.0 g/L; Glycerol, 10 
ml/L; K2HPO4, 1.0 g/L; NaCl, 1.0 g/L; AGS stock 
solution, 1.0 ml/L, and CaCO3, 1.0 g/L (El-Nakeeb 
and Lechevalier, 1962). 

Actinomycete used 

The S. mutabilis used as actinomycete  was 
obtained in PhilRice CES. It has been previously 
proven to produce plant growth-promoting 
compounds and promote growth of rice under growth 
room condition. Streptomyces mutabilis are capable 
of producing ACC-deaminase, IAA, and phosphatase 
based on biochemical characterization (Cruz et al., 
2014; Cruz et al., 2015).

Inoculant preparation and inoculation

 The carrier used for inoculant preparation 
is a  mixture of soil and charcoal. The carrier was 
sterilized for 1 h in an autoclave at 121°C for 3 
consecutive days. S. mutabilis culture was grown 
in AGS broth for 7 days under room temperature. 
S. mutabilis culture broth (22 ml)was aseptically 
transferred to 100 g of sterilized soil-based carrier, 
then afterwards incubated for 7 days. 

Five grams of inoculant was suspended in 100 
ml sterilized distilled water. Surface sterilized seeds 
were pre-soaked in inoculant suspension for 30 min. 

Vigor index test

Twenty-five surface sterilized seeds were sown 
in sterile Petri plate with moist filter paper for 
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vigor, and root growth. In the laboratory, NSIC Rc 
122, 222, 240, and 300 were presoaked in S. mutabilis 
inoculant solution and sown in a Petri dish with moist 
paper. All varieties except NSIC Rc 300 showed 
greater shoot length, shoot dry weight, and seedling 
vigor with S. mutabilis inoculation relative to the 
uninoculated counterparts.  One of the hypotheses 
is the varietal response of different rice varieties to 
PGPB inoculation. The study of Glick (2005) showed 
that enhanced rooting can also be attributed to the 
ability of the isolates to produce IAA and ACC-
deaminase. ACC is an immediate precursor of 
ethylene in higher plants while the ACC-deaminase 
containing rhizobacteria can increase root growth by 
reducing  endogenous ACC levels.

The significant improvement of  shoot and root 
growth of rice seedlings was probably caused by the 
production of bacterial IAA. The actinomycete used 
in this experiment was previously found to produce 
680 ppm bacterial IAA  (Cruz et al., 2014). In the 
experiment  of Susilowati et al. (2018), there was a 
6.7% increase in plant height by isolate Azm 5.7.5.1 
with an IAA production capability of 12.18 ppm 
compared with no bacterial inoculation. Dry weight 
analysis of rice grain also showed that there was a 

significant effect of IAA-producing bacteria. IAA is 
a known phytohormone of the auxin class that plays a 
fundamental role in formation and elongation of roots 
and root hairs and initiation and emergence of lateral 
roots (Aziz et al., 2015). The production of IAA by 
actinomycete had significantly increased seedling 
vigor. These findings accorded with the results 
obtained by Venkatachalam et al. (2010), in which 
Streptomyces gibosonni culture filtrate increased 
the corn seedling shoot and root length. Likewise, 
Streptomyces coelicolor improved seedling vigor of 
Triticum eastivum under drought stress, as reported 
by Yandigeri et al. (2012). Furthermore, Streptomyces 
fumanus increased the seed vigor of wheat and 
soybeans by 1.5 - 2 times (Doolotkeldieva et al., 2015). 
The increased rate of root growth provides seedling 
a greater opportunity for water absorption before 
moisture loss occurs. The bacterial isolates has an 
effect on the growth of rice seedlings. The percentage 
increase and significant difference compared with  
the control demonstrates the effects of PGPB as they 
produce IAA (Francis et al., 2010), an auxin that 
modifies plant morphology, and ACC-deaminase 
that cleaves ACC, which is a direct precursor of 
the hormone ethylene that decreases shoot and root 
length under drought stress (Glick, 2005).

Figure 1. Shoot and root growth affected by S. mutabilis inoculation at 7 DAS.

Figure 2. Improved seedling vigor index of inoculated seedlings at 7 DAS.
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Bacteria can survive under stress conditions 
due to the production of exopolysaccharide (EPS), 
which protects microorganisms from water stress 
by enhancing water retention and regulating the 
diffusion of organic carbon sources. It also helps the 
microorganisms to irreversibly attach and colonize 
the roots through the involvement of a network of 
fibrillar material that permanently connects the 
bacteria to the roots surface (Bashan et al., 2004). 
Inoculation of plants with drought-tolerant ACC-
deaminase can increase drought tolerance of plants 
growing in arid, or semiarid areas  due to the  native 
beneficial microorganisms (Cruz, 2015).

The growth and development of seedling roots were 
also observed between 3 and 7 DAS. Actinomycete 
inoculation caused significant improvement in the 
root development of rice seedlings as compared 
with  the uninoculated control (Figures 3-4). At 4 
and 7 DAS, actinomycete inoculation significantly 
increased the root growth of rice seedlings by 32.3% 
and 43.8%, respectively. 

Improved root hair development was also 
observed in inoculated roots, which can be attributed 
to bacterial IAA production (Figure 5). Root hair is 
an important structure of root for crops because it 
constitutes 77% of the root surface area (Jills et al., 
2000). A diverse group of gram-positive bacteria 
including Arthrobacter, Micrococcus, Bacillus, 
Rhodococcus, Mycobacterium, Microbacterium, 
Streptomyces, and Corynebacterium species are 

capable of producing IAA that perhaps stimulate 
nutrient uptake and root proliferation (Francis et 
al., 2010). The production of growth-promoting 
substances such as plant hormones is part of the 
metabolism of various bacteria associated with plants 
that causes modifications in the morphology of roots. 
It also influences nutrient and water absorption, and 
consequently promotes plant growth (Bashan and 
Holgiun, 1997).

In the study of Suralta et al. (2017), pre-
germination inoculation of NSIC Rc 192 seeds by 
S. mutabilis significantly increased the shoot and 
seminal root length and root hair lengths relative to 
the uninoculated control. Similarly, inoculation of S. 
mutabilis generally had longer total root length under 
drought – regardless of the timing of inoculations 
– relative to the uninoculated control. Plants were 
sampled at 40 DAS; 14 days of well-watered and then 
26 days of progressive drought stress conditions. 

Further studies are required to evaluate the 
ability of S. mutabilis regarding its survival ability 
under different conditions from seed treatment up to 
maturity under greenhouse and field conditions. Its 
survival could be evaluated using molecular technique 
such as gfp-tagging. Fluorescent microscopy analysis 
could also be conducted to evaluate the survival 
of GFP-tagged S. mutabilis treating rice as the test 
crop. The results will provide data on the S. mutabilis 
ability to colonize the root tissues of rice indicating its 
capability to survive when used as a seed treatment. 

Figure 3. Rice seedling growth and 
development from 3 to 7 DAS: (a) 
uninoculated control and (b) inoculated.
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Understanding the colonization of potential PGPB 
and its survival must be given importance  in 
formulating an inoculant. Green fluorescence protein 
also provides a convenient tool to assess the survival 
rates of potential PGPB or bio-inoculant when 
applied to the crops. Survival rate of bacteria is very 
important as it will affect and influence the crop 
growth especially in its critical stages.

Conclusion
Streptomyces mutabilis inoculation had potentially 

increased seedling growth and development, as well 
as significantly improved seedling vigor of NSIC Rc 
160 at 3 - 7 DAS through increased root and shoot 

growth, probably caused by production of growth-
promoting compounds such as bacterial IAA. In 
the future, effectiveness of S. mutabilis under field 
conditions could also be explored, and evaluate its 
survival using molecular technique such as gfp-
tagging. This contributes to the establishment of 
S. mutabilis as a potential PGPB for bio-inoculant 
application. 
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Figure 5. Effect of actinomycete inoculation to the initiation of root hairs at 3 DAS, 5 mm from 
origin of root under 400X magnification: (a) uninoculated (b) inoculated.

Figure 4. Growth and development of rice seedling roots from 3 to 7 DAS.
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Abstract
 The vast reservoir of rice accessions in the genebank is a source of genetic resistance that could help 

accelerate  breeding for insect pests-resistant varieties. This study evaluated rice accessions for brown 
planthopper (BPH) and green leafhopper (GLH). There were 2,055 traditional rice accessions evaluated from 
the Philippine Rice Research Institute (PhilRice) Genebank for BPH and 2,049 accessions for GLH. Accessions 
were evaluated 7 days after infestation. Thirty-two rice accessions showed moderately resistant to GLH while 
843 had intermediate reaction. On the other hand, 66 showed resistance while  892 had intermediate reaction to 
BPH. Three rice accessions: Bandera, Saigon, and Luding-luding showed moderate resistance against  GLH and 
BPH. Accessions that exhibited resistance to one or more insect pests were recommended for further validation. 
These can be utilized as source of resistance for the development of new rice varieties.      

Keywords: Accessions, Brown Planthopper, Evaluation, Genebank, Green Leafhopper, Resistance

Introduction
Rice (Oryza sativa L.) is one of the world’s most 

important crops providing a stable food for nearly 
half of the global population. Despite being the most 
cultivated crops and  used in experiments, profound 
studies on the effect of environmental stresses on rice 
are still necessary. These biotic and abiotic stresses 
influence the plant growth, seed quality, crop yield, 
and agriculture production (Agrawal et al., 2006, 
2009; Agrawal and Rakwal, 2011; Jorrín et al., 2007). 
Plants are constantly exposed to biotic stress, which 
causes changes in plant’s metabolism involving 
physiological damages that lead to reduction of its 
productivity. 

Biotic stresses in plants are caused by pests, 
parasites, and pathogens, which are known since 
ancient times. Biotic stresses include insect pests, 
fungus, bacteria, viruses, and herbicide toxicity. 
Dupo and Barrion (2009) stated that a small 
number of planthoppers and leafhoppers are 
economically important pests in rice. Under severe 
infestations, planthoppers and leafhoppers often 
cause hopperburn – a complex wound response that 
results in gross discoloration and dehydration of the 
rice plant (Backus et al., 2005). In addition, a number 
of cicindelid leafhoppers, which rarely reach high 
densities in the field, are also economically important 
virus vectors. For example, the GLP (Nephotettix 
virescens, Distant) and BPH (Nilaparvata lugens Stål) 

are insect pests of important concern because they 
spread viral diseases in the rice fields. Nymphs and 
adults infest the rice crop at all stages of plant growth 
(Abo and Sy, 1997). Green leafhoppers are common 
in rainfed and irrigated wetland environments. They 
are not prevalent in upland rice. Nymphs and adults 
feed on the dorsal surface of the leaf blades rather 
than on the ventral surface. They prefer to feed on 
the lateral leaves rather than on the leaf sheaths and 
middle leaves. They mostly target rice plants that have 
been fertilized with large amount of nitrogen. The 
rice tungro disease usually results in stunted plants, 
reduced vigor, reduced number of productive tillers, 
and withering or complete plant drying. Tungro is a 
vital disease of rice because of its damages, which 
causes an explosion if it occurs in the early vegetative 
stage (Hasanuddin, 2002). 

BPH is a destructive and widespread insect pest 
in the rice fields in Asia. It mainly feeds on the stems 
by sucking assimilates from the phloem of rice plants.  
Feeding by a large number of BPH may result in 
drying of the leaves and wilting of the tillers (Yang 
et al., 2002).

Various approaches had been developed to combat 
hopper pests. Use of resistant rice cultivars has been 
recognized as the most practical and economic 
method in pest control as part of Integrated Pest 
Management (Correa-Victoria et al., 1994; Yang et 
al., 2002; Sarwar, 2012).

RESEARCH NOTE
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Genebank contains rice accession with  untapped 
genetic diversity and wealth of valuable genes that 
could be resistant to various diseases, which can 
be used as donor in breeding programs. The role of 
accessions in the improvement of cultivated plants 
has been well recognized (Sarma et al., 2003; Sarwar, 
2012; Preetha, 2017). Collections are optimized 
when they are properly evaluated and their attributes 
identified. In the broad sense and in the context of 
genetic resources, evaluation is the description of the 
material in a collection.  It covers receipt of the new 
samples by the curator and growing these for seed 
increase, characterization and preliminary evaluation; 
further or detailed evaluation; and documentation 
(Sarwar, 2012; Preetha, 2017). Hence, there is a need 
to evaluate the vast accessions and determine resistant 
ones that could be used in the breeding program.

Materials and Methods
Plant materials

There were  2,055 traditional rice accessions 
evaluated from the Philippine Rice Research Institute 
(PhilRice) Genebank for BPH resistance while 2,049 
accessions for green leafhopper (GLH). The evaluation 
was done in the screenhouse located at PhilRice, 
Maligaya, Science City of Muñoz, Nueva Ecija at N 
15.067 ,̊ 120.8903. The evaluation of rice accessions 
was done following the protocol and evaluation scale 
of International Rice Research Institute (2002) under 
the Standard Evaluation System (SES).

Hopper culture

Test insects were collected from the field and 
purified from the progeny of a single female.  Twenty 
percent of the colony was used for sustaining the 
mass production while the remaining  underwent 
various tests. Culture was intensified every after 
10 - 12 generations (every 1 and a half to 2 years of 
continuous rearing by introducing wild population 
into the pure culture, following the standard procedure 
for purifying field collected insects). Host plants can 
either be TN1/IR 8 or any local variety susceptible 
to the hoppers in the locality. The SES for rice was 
used to rate insect damage with rating scales of 1 - 9  
(1 - very slight damage, 9 - severe damage).

Screening of test entries to BPH

There were 2,055 traditional rice accessions 
evaluated for BPH resistance in the screenhouse. A  
resistant (TKM6) and susceptible (TN1) check in a 
61.5 x 61.5 x 31.5 cm (L x W x H) compartment seed 
box were setup. A rate of 3 - 5 nymphs was introduced 
to a 7-day old seedling in a seed box and kept half-
submerged in water to keep the seedlings growing in 
a humid environment for the insects.  Resistance was 

rated when the susceptible check is completely wilted 
or killed. The SES for rice was used to rate the insect 
damage with rating scales of  1 - 9 (1 - very slight 
damage, 9 - severe damage).

Screening of test entries to GLH

The 2,049 test materials were evaluated for 
GLH resistance in the screenhouse. These were 
directly sown in a 61.5 x 61.5 x 31.5 cm (L x W x H) 
compartment seed box filled with garden soil.  The 
two middle rows were assigned to susceptible  (TN1) 
and resistant (TKM6) checks.  Plant at one leaf stage 
(7 days after sowing) was uniformly infested with 
second or third instar non-viruliferous nymphs per 
seedling.  To maintain high humidity, the seed boxes 
were kept half-submerged in water. Resistance was 
rated 10 days after infestationor when the susceptible 
check is completely killed. The SES for rice was used 
to rate the insect damage with rating scales of  1 - 9 
(1- very slight damage, 9 -  severe damage).

Results
There were  2,055 accessions evaluated for BPH 

resistance, which were gathered from different 
provinces in the Philippines. Sixty-six accessions 
(3%) showed moderately resistant reaction with 
mild symptoms while 892 accessions (43%) were 
intermediate. Accession totaling 758 (37%) were 
found moderately susceptible while 339 (16%) were 
susceptible (Table 1). 

On the other hand, 2,049 rice accessions were 
evaluated for GLH. Results showed that      41% (843) 
and 2% (32) of the rice accessions were found to be  
moderately resistant and intermediate, respectively 
(Table 2). Three rice accessions showed moderate 
resistance for both hoppers: Saigon (PRRI000039), 
Bandera (PRRI000040), and Luding-luding      
(PRRI000113). Saigon and Bandera were collected 
from Nueva Ecija while Luding-luding was collected 
from Ilocos Sur (Table 3).

Discussion
Genetics is one of the main reasons for the 

different reaction of these rice accessions towards 
BPH and GLH. Some contain resistant genes to BPH, 
GLH, or both. This resistance could be explained 
with the presence of one or more alleles conferring 
resistance (Brar et al., 2009). The identified number 
of donors for resistance was used in breeding 
varieties resistant to hoppers. Resistance genetics 
against planthoppers has been studied with several 
resistance genes identified from traditional landraces. 
Twenty-one resistant genes have been identified for 
BPH while  14 for GLH.      
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Table 1. Summary of rice accessions evaluation data on BPH and GLH resistance.

Insect Accessions Screened

Reaction

MR I MS S

No. % No. % No. % No. %

BPH 2,055 66 3 892 43 758 37 339 16

GLH 2,049 32 2 843 41 830 41 344 17
*MR - moderately resistant,   *I - intermediate,   *MS - moderately resistant,   *S - susceptible

In an earlier study of Chelliah (2008), four major 
genes were identified: Bph 1, bph 2, Bph 3, and bph 
4, which have controlling resistance to BPH. There 
are indications that Bph 3 and bph 4 are either allelic 
or closely linked while seven resistance genes, Glh 1, 
Glh 2, Glh 3, glh 4, Glh 5, Glh 6, and Glh 7, were  
identified for GLH resistance. Moderately resistant 
varieties allow the sub-economic pest population 
to remain on the plants to serve as hosts for natural 
enemies. The reduction in the BPH population on 
resistant and moderately resistant varieties improves 
the natural enemy-to-pest ratio in favor of biological 
control (Chaudhary, 1984). According to Kogan 
(1982), insect resistance – an ability that could be 
passed on to the next generation, inhibits the growth 
of insect populations or enables recovery from injury 
caused by populations that were not inhibited to grow. 
Inhibition of population growth generally derives from 
the biochemical and morphological characteristics of 
a plant. It affects the behavior or the metabolism of 
insects to reduce the damage. Resistant varieties are 
compatible with biological control agents (predators, 

parasites, and pathogens) on which they have no direct 
adverse effect. Furthermore, spiders as predators are 
more efficient when preying on BPH in a moderately 
resistant than on a susceptible variety. The increased 
efficiency of predator can be associated with the pests’ 
restless behavior. Restlessness increases the pest’s 
exposure to natural enemies and reduces its vigor.

Rice is often attacked by large numbers of insects. 
Insect pests, plant hoppers, stem borers, and gall 
midges are known to be the most disastrous  rice 
pests (Heong and Hardy et al., 2009). BPH and GLH 
are considered as serious threats to rice production. 
The use of resistant varieties is the most effective 
method in combating insect pests as  pest resistance 
is  inherited in plants. This strategy does not also add 
to production cost and does not  impair the quality of 
the environment. 

In this study, 2,055 traditional rice accessions 
were evaluated for BPH resistance. Sixty-six varieties 
showed moderate resistance, 892 intermediate, 
758 moderately susceptible, and 339 susceptible 
(varieties were identified accounting for 3, 43, 37 
and 16% of the total varieties, respectively). These 
results were comparable to the output of Bangladesh 
Rice Research Institute (BRRI), which screened 
1,767 rice cultivars for BPH resistance. Researchers 
found that one of the cultivars was highly resistant; 
86, moderately resistant; and 1,680, susceptible and 
highly susceptible (Ali et al., 2012). Similar to the 
study of Dhawande et al. (2018), which screened 1,003 

Table 2. Representative rice accessions with moderate resistance against BPH and GLH.

                     BPH                       GLH

Accession No. Accession Name Accession No. Accession Name

PRRI000039 Saigon      PRRI000001 Hinamog     

PRRI000040 Bandera      PRRI000002 Mangasa     

PRRI000041 Bakikihon      PRRI000014 Garaygay     

PRRI000087 Amparing      PRRI000020 Sanjuan      

PRRI000101 Gin-awa     PRRI000039 Saigon      

PRRI000107 Irequin     PRRI000040 Bandera     

PRRI000112 Lampung      PRRI000068 Alaminos      

PRRI000113 Luding-luding      PRRI000069 Alonor      

PRRI000129 Saba      PRRI000113 Luding-luding      

PRRI000165 Binalasbas     

Table 3. List of rice accessions with moderate resistance 
against BPH and GLH.

Accession No. Accession Name Province

PRRI000039

PRRI000040

PRRI000113

Saigon      

Bandera      

Luding-luding      

Nueva Ecija

Nueva Ecija

Ilocos Sur
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germplasm accessions, 37 exhibited a damage score 
ranging from 0 to 5. They found highly resistant (2), 
resistant (21), and moderately resistant cultivars (14) to 
BPH, while  the remaining 966 accessions were found 
susceptible with a damage score of 5 - 9. Meanwhile, 
Akanksha et al. (2017) evaluated 920 rice germplasm 
accessions, in which 12 accessions were resistant 
while 23 accessions were moderately resistant and 
others were susceptible to BPH. To identify new 
sources of resistance, BPH screening for resistance 
is certainly a continuous process. Study results show     
that of the 2,049 rice germplasm evaluated for GLH 
resistance, 32 rice varieties were moderately resistant; 
843, intermediate; 830, moderately susceptible; 
and 344 were susceptible. Varieties were identified 
accounting for 2%, 41%, 41%, and 17% of the total 
varieties, respectively. Venkatesh et al. (2019) also 
found that among the 74 rice landraces screened for 
GLH and BPH, 27 were GLH resistant while 15 were 
moderately resistant to BPH with a score of 3 - 5. 
The resistant checks Ptb-33 and TN1 were used as 
susceptible checks for GLH and BPH. Karthi Samba, 
Panamara Samba, and Palkachaka landraces from 
Coimbatore, Tamil Nadu, India showed resistant to 
moderately resistant towards the two-hopper species.  
This result was also evaluated in this study, in which 
three rice accessions showed moderately resistant 
to BPH and GLH: Saigon (PRRI000039), Bandera 
(PRRI000040), and Luding-luding (PRRI000113). 
This indicates the variation in terms of resistance 
level of the entries of species belonging to the 
same family and with similar feeding habit. Vanaja 
et al. (2010) mentioned that Uma was a resistant 
landrace to BPH; however, it also showed  moderate 
susceptibility. It was also moderately resistant to 
white backed planthopper and GLP. The variation in 
the levels of resistance in cultivars may be due to the 
biotype concept. Biotypes are defined as populations 
within an arthropod species such as GLH and BPH 
that show variations in their ability to effectively use 
a trait deployed by a plant cultivar (Gallun and Khush 
1980; Wilhoit, 1992; Pedigo, 1999). 

Rosida et al. (2020) identified three GLH 
biotypes: 1650, 1654, and 1604 which affect different 
resistant rice varieties. Biotypes of BPH are defined 
as a population or an individual distinguished from 
other populations with non-morphological traits 
such as adaptation and development to a particular 
host, host preference for feeding or oviposition, or 
both. The following BPH biotype are known for rice: 
Biotypes 1 and 2 are widely distributed in Southeast 
and East Asia, while Biotype 3 was developed in 
the laboratory by rearing the insects on the resistant 
variety ASD7 that has the bph2 gene for resistance 
(Panda and Heinrichs, 1983; Jena and Kim, 2010). In 
this study, resistance variation explains the resistance 
genes present against GLH, BPH, or both, as well as 

the presence of one or more biotypes of either GLH, 
BPH, or both in the screenhouse. 

Conclusion
 Results showed the availability of BPH and 

GLH resistance genes among the PhilRice Genebank  
accessions. It is recommended to continuously explore 
the potential of available rice germplasm with good 
resistance against major insect pests for breeding 
programs. Continuous evaluation of these accessions 
is needed to determine the stability of BPH and GLH 
resistance. It is highly recommended to further test 
the varieties with known biotypes of both GLH and 
BPH such as Saigon, Bandera, and Luding-Luding.      
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Abstract
Weed colonization remains one of the prominent problems in rice production. Weeds compete with rice in 

acquisition of nutrients from the soil and atmosphere; thereby, affecting growth and development. One of the 
long-term solutions identified to reduce, if not totally eliminate, the effects of weeds in rice production is the 
development of herbicide-tolerant rice. In 2013, 103 rice breeding lines derived from various induced mutation 
strategies: seed mutation, in vitro mutagenesis, and anther culture, were screened for herbicide tolerance. The 
breeding lines were subjected to the recommended rate of glyphosate-containing herbicide, 14 days after 
seeding. Survival rate (%) was determined two weeks after herbicide application. The screening resulted in 
the identification of 3 (5.4%) lines, 3 (9.1%) lines, and 5 (35.7%) lines from seed mutation, in vitro mutagenesis, 
and anther culture, respectively, that are putatively tolerant to herbicide. Study results proved the efficiency of 
induced mutations in generating breeding lines with tolerance to abiotic stresses such as herbicide. These lines 
are currently seed produced, and will undergo validation screening to determine the stability of the herbicide 
tolerance trait.

Keywords: Herbicide, Glyphosate, Seed Mutation, in vitro Mutation, Anther Culture, Weeds

Introduction
Weed is one of the major causes of rice yield 

reduction (Fischer et al., 1999). It poses the highest 
threat to potential yield loss, equivalent to the 
reduction brought by pathogens and animal pests 
(Oerke, 2006).  Weeds compete with rice for soil 
nutrients, sunlight, water, and area (Blackman and 
Templeman, 1938). The intensity of competition 
between rice and weeds were too significant, 
incurring a 2 - 9% yield loss in rainfed rice areas 
(Tomita et al., 2003).  Thus, various methods were 
already employed to lessen, if not eliminate, weeds 
in the rice paddies particularly herbicide application, 
which is the most common intervention against weeds 
as practiced by farmers (Haefele et al., 2002).  Other 
approaches tend to be effective; hence, it should be 
integrated with good land preparation and good 
water management (Johnson and Rodenburg, 2009).  
However, overdependence on herbicides with similar 
mechanisms of action resulted in the evolution of 
herbicide tolerant weeds (Baucom, 2019). Currently, 
there have been several reports on the presence of more 
than 500 unique cases of herbicide-resistant weeds 
(Busi et al., 2013; Heap and Duke, 2018; Heap, 2018; 
Ghanizadeh and Harrington 2019). The emergence of 
herbicide tolerant weeds shows the adaptive response 
of these species to continuous herbicide use (Délye 
et al., 2013). Herbicide resistance becomes a result 
of a selection process (Baltazar, 2017), created by 
repeated applications of herbicides with the same 

mode of action (Délye et al., 2013). These routines 
of herbicide application lead to the selection of 
individuals that produce mutations, enabling them to 
survive (Ghanizadeh and Harrington, 2017a; 2017b). 

In recent years, several crops including rice with 
herbicide tolerance have been reported in several 
countries (Kumara et al., 2008; Grover et al., 2020; 
Jin et al., 2022).  In the Philippines, the continuous 
use of 2, 4-D to control weeds for 7 - 9 years resulted 
in the evolution of tolerant biotypes of E. crus-galli 
(Baltazar, 2017). This occurrence of resistant weeds 
was primarily confirmed in the province of Iloilo 
and Nueva Ecija where  tolerance to butachlor and 
propanil was observed (Juliano and Casimero, 2007; 
Juliano et al., 2010). The weed’s herbicide tolerance 
may be attributed to the non-target site resistance 
mechanisms. These mechanisms allow weeds to 
survive the herbicide application by preventing 
sufficient herbicide to reach the target site (Gaines et 
al., 2017). At first, the weed may be affected by the 
application but eventually survive and consequently 
set seeds.

To date, herbicide tolerance has been included 
as one of the objectives in rice breeding programs, 
implementing different breeding approaches to 
generate rice lines with herbicide tolerance (Reddy and 
Nandula, 2012). Glyphosate, and glufosinate are two 
of the most important herbicides that control most of 
the weeds in rice fields (Ellis, 2001). These herbicides 
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are non-persistent and highly effective in weed 
control; thereby, causing  minimum impact on animal 
lives (Kanissery et al., 2019).  Glyphosate herbicide 
blocks the enzyme involved in the biosynthesis 
of biomolecules and secondary plant metabolites, 
rendering the death of the plants (Gravena et al., 
2012). Meanwhile, glufosinate herbicides contain 
phosphinothricin as an active ingredient, which kills 
plants by blocking enzymes for nitrogen metabolism 
and detoxification of ammonia (Chang and  Liao, 
2002). 

In this study, induced mutation strategies were 
used to generate herbicide-tolerant mutant lines from 
three cultivars. The generated lines were screened for 
tolerance by applying herbicide containing glyphosate 
as the active ingredient. This study identified putative 
mutant lines with tolerance to herbicide.

Materials and Methods
Rice breeding lines generated and developed 

from different mutation strategies were evaluated 
for herbicide resistance (Table 1) in 2013 dry season 
(DS). There were 103 lines evaluated under screen 
house condition at the Philippine Rice Research 
Institute Central Experiment Station (PhilRice CES). 
These were  distributed as 56 seed mutant lines from 
Swarna-Sub1, 33 in vitro mutant (IVM) lines from 
Salumpikit, and 16 doubled haploid lines (DHL) 
derived from anther culture of IR64-Sub1/Nerica 4 
cross.

Table 1. List of mutants from three genotypes screened for 
herbicide resistance, PhilRice CES.

No. Genotype Mutation Strategy No. of 
Lines

1 Swarna-Sub1 Seed mutation (SM) 56

2 Salumpikit In vitro mutagenesis (IVM) 33

3 IR64-Sub1/
Nerica 4

Anther culture (AC) 14

Total  103

Seed preparation and sowing

Rice seeds from each line were incubated at 50⁰C 
overnight to break seed dormancy, then afterwards 
incubated at room temperature for 24 h. Seeds were 
soaked in water for 24 h for pre-germination. There 
were 100 pre-germinated seeds directly sown in a 
linear furrow (Figure 1a) at 2 cm distance in a 2.7 x 
1.89 m wooden seed boxes.  Seeds were grown for 2 
weeks before herbicide application.

Herbicide application and scoring

Initial count of plants was determined two weeks 
from seeding (Figure 1b) and before applying the 2% 
(v/v) PowerTM herbicide (Figure 1c), which contains 
glyphosate as active ingredient. This herbicide is 
a non-selective, contact herbicide that interferes 
with amino acid synthesis in plants applied at 1.6 
L ha-1. The 2% concentration of herbicide is the 
recommended rate to ensure elimination of common 
weeds (Monsanto, 2007). The recommended rate 

Figure 1. Seeds sown in furrows (a); seedlings, 14 days after seeding (b); powerTM herbicide and 2% 
herbicide solution (c); herbicide application, evenly spraying at four-leaf stage after seedings (d).
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requires 73.9 ml of herbicide to be dissolved in a 3.8 
L of water for a 300 m2 area. This ratio was used 
as a baseline to determine the recommended rate 
for application in a seed box with an area of 5.424 
m2. For the seed boxes used, 14.4 ml of herbicide 
was dissolved in a 740 ml of distilled water. Foliar 
application was used to evenly spray the herbicide.
(Figure 1d). The number of seedlings that survived 
was determined a week after the application, while 
tolerance score was classified based on the injury 
description published by Oldach et al. in 2008. 

The experiment was laid out in a Randomized 
Complete Block Design (RCBD) with three 
replications.  Comparison of means by Dunnett’s Test 
was used to compare the mutants to their respective 
wildtype.

Results and Discussion
Plant survival was determined 2 weeks after the 

herbicide application, following the mortality of 
the susceptible check variety, IR64; indicating the 
efficacy of the herbicide treatment. A week after 
application, the lines exhibited leaf rolling (Figure 
2a), which showed progression of the herbicide 
effects.  Survival of the 56 Swarna-Sub1-derived 
mutants ranged from 0 to 71% (Figure 2b). The 
screening identified 18 (37%) lines with survival of 
37 - 509%, significantly higher than the wildtype, 
Swarna-Sub1 with 11% survival. However, based on 
tolerance score, 12 (21%) lines had moderate tolerance 

to herbicide. This result showed thatSwarna-Sub1’s 
herbicide tolerance  was enhanced through induced 
mutation (Figure 2c). 

Survival of the 33 IVM lines was 1 - 81% (Figure 
3a). The widltype, Salumpikit, was susceptible 
(Figure 3b), incurring a 0% survival. This implies 
that the survival of the mutant lines was enhanced 
through induced mutagenesis. From the IVM lines 
screened, 3 (9%) lines were identified as tolerant.  
Induced mutation has been proven effective and 
efficient in producing mutant rice lines with improved 
agronomic traits, grain quality, and physiological 
stress tolerance (Brunner, 1995; Cassells and Doyle, 
2003; Cabusora et al., 2019).  

Among the test entries screened, only the DHLs 
derived from the anther culture of the cross IR64-
Sub1/Nerica 4 exhibited non-leaf rolling (Figure 4a) 
a week after herbicide application. Screening of the 
14 DHLs resulted in survival ranging from 10 to 61% 
(Figure 4b). Fourteen (93%) lines were significantly 
higher than the 16% survival rate of  IR64-Sub1. Six 
(43%) lines were also comparable and were as tolerant 
as Nerica 4 with a survival of 58%. However, these 
tolerant lines had a survival that is 3 - 4% higher than 
Nerica 4 (Figure 4c). This implies that the herbicide 
tolerance trait of Nerica 4 was inherited by these 
DHLs, and further  enhanced by the mutation that 
took place during anther culture.  Doubled haploid 
has been proven efficient in producing stable rice 
lines with durable tolerance to abiotic stresses such as 

Figure 2. Survival (%) of the 
Swarna-Sub1-derived mutants 
2 weeks after herbicide 
application (a); leaf-rolling 
observed a week after the 
application (b); response of 
IR64, the wildtype and the 
mutants to herbicide, 2 weeks 
after application (c).
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salt, drought, and phosphorus deficiency (Senadhira 
et al., 2002; Lapitan et al., 2013; Viana et al., 2020).

Across mutation strategy, 11 (10.6%) lines were 
identified putatively tolerant lines (Table 2), which is 
an improvement or enhancement from their respective 
wildtype. 

One of the reported mutant rice with tolerance 
to herbicide is the HTM-N22, which was developed 
from induced mutation using ethyl methyl sulfonate 
(EMS) of the rice cultivar Nagina 22 (Shoba et al., 
2017). In Sri Lanka, induced mutation generated 12 
rice varieties with tolerance to glyphosate-containing 
herbicide (Ekanayaka et al., 2017).  The International 
Atomic Energy Agency (IAEA) Mutant Variety 

Database had registered 2 rice varieties with herbicide 
tolerance, the IRAT 239, registered in 1980 and the 
SCS121 CL in 2014. 

Conclusion
The use of the mutation techniques: seed 

mutation, in vitro mutagenesis, and anther culture, 
resulted in the generation of 103 elite mutant lines. 
These lines were screened for herbicide resistance 
containing glyphosate as active ingredient. These 
lines will undergo validation screening, phenotyping, 
and molecular evaluation for other important traits 
such as abiotic stress tolerance, grain quality, disease 
resistance, and yield performance. These lines 
derived from various mutation strategies, proved 

Figure 3. Survival (%) of the Salumpikit-derived IVM lines 2 weeks after herbicide application (a); response of 
the wildtype, Salumpikit and the mutants to herbicide 2 weeks after application (c).

Figure 4. Non-leaf rolling DHLs 1  week after herbicide application (a); survival (%) of DHLs (b) compared with 
both parents; surviving DHLs 2 weeks after application (c).
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the efficiency of induced mutation in generating rice 
lines with improved tolerance to herbicide.

As the mutant lines were tested for herbicide 
containing glyphosate, it can be concluded that 
these mutants are tolerant to this compound.  This 
compound binds with 5-enolpyruvoylshikimate-3-
phosphate synthase (EPSPS) in plants (Duke and 
Powles, 2008). EPSPS catalyzes the production of 
necessary secondary metabolites that are vital in the 
synthesis of tryptophan, tyrosine, and phenylalanine, 
as well as hormones, flavonoids, lignin, ubiquinone, 
and other phenolic compounds (Dill, 2005). The 
sensitivity of ESPS to glyphosate is the main cause 
of the plant’s mortality  when applied with herbicide 
containing the compound. In the case of rice lines 
screened, mutation may have altered the genes 
responsible for the production of EPSPS; therefore, 
reducing its binding affinity to glyphosate rendering 
the plants to be tolerant (Zhao et al., 2011).

The mutant lines when fully characterized can be 
used as donor lines for developing herbicide-tolerant 
rice varieties in the Philippines. 
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Abstract
Agricultural modernization through the use of appropriate mechanization is a key factor towards 

competitiveness of the rice industry. While the level of rice farming mechanization in the Philippines is still 
predominantly lower than neighboring countries, the government is propelling towards modernization. One 
of the apparent advantages of mechanization is its potential to reduce the farmers’ production costs; however, 
the depression of rice farm gate prices subsequently negates savings. Moreover, lower farm gate prices do not 
automatically result in lower milled rice prices, which is necessary for the locally produced rice to effectively 
compete with the imported rice. Hence, some of these identified challenges should be faced before attaining 
complete Philippine rice mechanization. This paper presents the challenges in implementing rice mechanization, 
as well as possible interventions to address these challenges. Strategies in promoting mechanization are also 
recommended as basis for the formulation of policy measures with regards to farm modernization.

Keywords: Agricultural Mechanization, Rice Production, Farmer’s Competitiveness, Policy Measures

Introduction
The Philippines is an agricultural-based country. 

Rice is the most important staple food accounting 
for the 25% food expenditures of the poorest (30% 
of the total population) in the country (Balisacan 
and Sebastian, 2006). From its 9.2 million hectares 
(Mha) agricultural land, 33% or 4.7 Mha is devoted 
to rice production. The globalization, liberalization 
of agricultural trade, economic integration of the 
Association of Southeast Asian Nations (ASEAN), 
and the effects of climate change, are challenging the 
Philippine agriculture sector. 

As population growth escalates the per capita rice 
consumption of 110 kg in 2015 - 2016 (PSA, 2017), the 
government is struggling to increase rice production. 
The level of self-sufficiency in rice has been an 
up-and-down battle in the past decades. In 1990, it 
decreased from 91 to 80% (2010), but went up to 90% 
in recent years. 

Figure 1 shows the trends in palay production 
from 2000 to 2020. In 2020, palay output reached 
a high record of 19.29 million tons (Mt) of which 
76% and 24% came from the irrigated and rainfed 
ecosystems, respectively. This is 2.55% higher than 

Figure 1. Paddy production from 2000 to 2020.

RESEARCH NOTE
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the 2019 production of 18.81 Mt primarily due to 
improvements in harvest (1.45% growth) and yield 
(1.09%). This improvement was fueled by the series 
of interventions massively implemented by the 
government and private sectors, early harvest in 
anticipation of higher trading prices, and continuous 
use of high-yielding varieties. The impacts of climate 
change such as unpredictable rainfall patterns led 
to the need for mechanization, particularly the 
utilization of combine harvesters and dryers. 

Mechanization is necessary in land preparation, 
crop establishment and management, and harvesting, 
as well as processing the agricultural products toward 
competitive and improved productivity. Perceived 
problems in rice farming are high production cost, 
aging farmers, scarce labor, and climate change. 
The basic requirement to address these challenges 
is to reduce the unit cost of rice production through 
machines, which are proven to be cost-efficient 
compared with manual labor.

Farm mechanization enhances labor productivity, 
shortens time of operations, and helps the optimization 
of cropping duration within a season. As the 
Department of Agriculture (DA) stated, “Boost farm 
mechanization to reduce production costs, enable 
our rice farmers to produce more harvests, earn 
bigger incomes, and subsequently compete with their 
counterparts in the ASEAN.”

This paper discusses the status, challenges, and 
opportunities of mechanization in the Philippines.  
It also highlights the interventions, and research 
initiatives of Philippine Rice Research Institute 
(PhilRice) in rice mechanization. Recommended 
opportunities in promoting mechanization are 
also discussed, which can guide the crafting of 
policy measures in boosting the productivity and 
competitiveness of Filipino local farmers. 

Rationale for Mechanization

Contribution to productivity. Mechanization is a 
key strategy to improve the level of farm productivity 
and competitiveness of the agriculture sector (Rodulfo 
et al., 2008; Cao et al., 2014). Through mechanization, 
timeliness of operations is optimized, which leads to 
increase in cropping intensity (Amare and Endalew, 
2016). In a microeconomic farm-level assessment of 
mechanization, conducted by Gonzales et al. (2013), 
fully and partly mechanized rice farms surpassed 
the non-mechanized farms in terms of crop yield, 
cost of production, and profitability. Appropriate 
farm machinery, equipment, and facilities can lead 
to improved land and labor productivity and reduced 
postharvest losses (Bautista, 2001; Apiors et al., 
2016). A study on using appropriate machinery in 
Nigeria also showed that using power tillers in small 

farms can increase yield by 70% (Faleye et al., 2012). 
Mechanization can also increase labor productivity 
for higher rural incomes (Bordey et al., 2016).

Contribution to loss reduction. Based on a 
study of the Philippine Center for Postharvest 
Development and Mechanization (PHilMech) and 
PhilRice, a staggering 16.5% of rice grains are lost 
from harvesting to storage operations (Salvador et 
al., 2012). The use of combine harvesters saves time, 
reduces labor, minimizes cost, and reduces losses 
in harvesting and threshing (Bordey et al., 2016). 
Mechanization allows easier and timely postharvest 
operations; thus, reducing harvest and postproduction 
losses (Mohammad and Alireza, 2013; Regalado 
and Ramos, 2018). According to Regalado et al. 
(2020), using combine harvester, flatbed dryer, and 
hermetic storage resulted in 42.4% lower postharvest 
losses compared with manual reaping, mechanical 
threshing, sun drying, and ambient storage during 
on-time harvest period of rice. Additionally, combine 
harvester can save an average of 16.3 labor-days/ha 
(Arida et al., 2017).

Current Situation of Local Rice Mechanization

Mechanization of rice farm operations. Human 
labor is one of the crucial inputs in rice cultivation in 
the Philippines. The total labor use (labor-days/ha) of 
rice farming in six Asian countries for the crop year 
2013 - 2014 is presented in Table 1.  Total labor in the 
Philippines is significantly lower than in Indonesia 
and India. However, for land preparation (5.5 md) and 
threshing (2 md), labor use in India is significantly 
less than in the Philippines where the use of four-
wheel tractors and combine harvesters are popular.  
Furthermore, comparative cost of production shows 
that labor cost in the Philippines was accounted for 
the 30% of the total cost per kilogram (Table 2). 
Adding the cost for operator, family, and exchange 
(OFE) labor (PhP 0.66/kg) and for animal, machine, 
fuel, and oil (PhP 1.73/kg), total production cost is 
increased to 50%. This is consistent with the recent 
data from Philippine Statistics Authority (PSA), 
which showed that labor cost earns the biggest portion 
in the total production cost (Figure 2). This represents 
the cost opportunity for mechanizing the rice sector.

Mechanization is highly adopted in land 
preparation and threshing of intensively cultivated 
rice fields (Bautista, 2003). Bordey et al. (2016) 
mentioned two types of labor source; the hired and 
OFE laborers. Hired laborers are mainly in charge of 
transplanting, harvesting, and manual weeding while 
OFE laborers perform the application of fertilizer and 
pesticide, irrigation, and drainage. This comparison 
reflects the acquisition of mechanization in an area, 
exhibiting that OFE labor is mostly dominant in 
highly mechanized countries. 
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Table 1. Total labor for major activities in six Asian countries, 2013 - 2014. 

Activity
Labor-intensive Countries Highly-mechanized Countries

Nueva Ecija, 
Philippines

West Java, 
Indonesia

Tamil 
Nadu, India

Zhejiang,
China

Suphan Buri, 
Thailand

Can Tho, 
Vietnam

High-yielding season
Total labor (labor-days/ha) 68.7 96.2 78.3 34.9 9.7 21.9
Land preparation 8.8 14.7 5.5 5.2 1.8 2.4
Crop establishment 20.7 21.7 32.7 16.5 0.9 6.3
Crop care and maintenance 18.8 27.3 37.5 11.0 6.3 11.0
Harvesting and threshing 18.3 25.6 2.0 1.0 0.7 1.2
Postharvest 2.0 6.9 0.6 1.1 0.0 1.1

Source: Bordey et al. (2016)

Table 2. Comparative cost of rice production (P/kg), 2013 - 2014. 

Costs (P/kg) Nueva Ecija, 
Philippines

Zhejiang,
China

West Java, 
Indonesia

Tamil 
Nadul, 
India

Suphan Buri, 
Thailand

Can Tho, 
Vietnam

Seeds 0.58 0.77 0.15 0.45 1.12 0.44
Fertilizers 1.94 1.90 1.05 0.91 1.56 1.36
Pesticides 0.36 1.33 1.03 0.22 0.90 0.87
Hired labor 3.76 0.49 4.29 2.52 0.66 0.46
Operator, family, and 
exchange (OFE) 0.66 2.52 1.02 0.47 0.65 0.81

Animal, machine, fuel, and oil 1.73 3.16 0.50 1.78 1.66 0.81
Irrigation 0.45 0.00 0.10 0.12 0.14 0.08
Land rent 2.11 3.80 6.61 1.96 1.89 1.49
Interest on capital 0.43 0.01 0.32 0.08 0.07 0.08
Others 0.40 0.10 0.63 0.35 0.20 0.13
Cost/kg 12.41 14.07 15.71 8.87 8.85 6.53

Source: Bordey et al., 2016

Figure 2. Cost shares in Philippine rice production, 2019. (Source: PSA, 2020)
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Data from the rice-based farming household 
survey (RBFHS) of the PhilRice Socioeconomics 
Division (2006 - 2016 wet seasons) showed that hand 
tractors had the highest percentage on the actual use 
of machines during land preparation at 67%. During 
harvesting, labor (67%) was predominantly utilized 
while only 32% used combine harvester.  Most farmers 
(83%) were aware of the combine harvester; however, 
hardly 30% have adopted it during the survey. 
Perception or farmer’s awareness on the drum seeder 
was at 30% but the adoption was only 3%. Table 3 
shows the estimated number of agricultural machines 
and equipment in the Philippines as of 2014, which is 
insufficient to meet the requirements of the cropped 
area and harvested volume (DA, 2016). Subsequent 
to the implementation of the Rice Tariffication Law 
(RTL) in 2019 as a result of globalization, the Rice 
Competitiveness Enhancement Fund (RCEF) was 
established to help and assist farmers in coping with 
the competitive prices of rice in the world market. 
The RCEF program distributes machines to farmers’ 
cooperatives and associations as one of the strategies in 
raising the level of farm mechanization in the country. 
An estimated 15,900 units of machines are expected 
to be distributed within the six-year subsistence of this 
program (Table 4).

For drying of paddy, sun-drying on pavements 
or canvas and nets is still popular in the Philippines; 
although several mechanical dryer models have 

been introduced and readily available in the market 
(Gagelonia et al., 2013). Cachuela et al. (2009) stated 
that about 50% of the palay harvest was dried on 
roads or highways, 45% on multi-purpose drying 
pavements, and 5% on mechanical dryers.

Mechanization level

The Philippines is one of the countries in Asia 
with lowest levels of mechanization. However, it 
gained considerable improvement from 0.52 hp ha-1 
in 1990 to 1.23 hp ha-1 for all crops, and 2.31 hp ha-1 
for rice and corn in 2011 (PHilMech, 2011). This level 
is similar with India and Pakistan, and is way behind 
the level of Japan (7 hp ha-1), South Korea (4.11 hp ha-
1), and China (4.10 hp ha-1) as reported by DA in 2013. 
In 2018, Bangladesh had an average available power 
use in agriculture of 2.44 hp ha-1, Thailand with 
3.08 hp ha-1, and Vietnam with 2.41 hp ha-1 (Hossen 
et al. 2020). As reported by Bordey et al. (2016), in 
spite of the mechanization program imposed by the 
Philippine government, the widespread level is still 
relatively low, which can be related to the abundance 
of farm labor or the rural landless workforce.  Survey 
results from KAPEX 2015 in Nueva Ecija showed 
that land preparation is fully mechanized while some 
provinces have low rates of machine use in other farm 
operations except for threshing and spraying.

 Materials and Methods
Proper understanding of the current status of 

Philippine rice mechanization and planned strategies 
to increase farm machine use were discussed 
through series of meetings. Major challenges in 
rice mechanization were identified through cross 
referencing or reviewing published data and literature 
and authors’ experiences. PhilRice’s R&D initiatives 
and those of other agencies were also identified and 
scrutinized to produce solutions in the emerging 
challenges of the enactment of rice mechanization. 
The opportunities, strategies, and ways forward in 
promoting mechanization were then recommended as 

Table 3. Agricultural machinery in the Philippines as of 2014.

Agricultural Machines
Units 

(estimated), 2014
Agricultural tractors
1. Four-wheel tractors 12,568
2. Power tillers 5,702
3. Hand tractors 142,187
Paddy threshers
1. Rice threshers 66,768
2. Pedal threshers 4,579
3. Multipurpose threshers/shellers 3,740
Mechanical harvesters
1. Combine harvesters 703
2. Reapers 569
3. Multi-crop combine harvesters 5
Post-harvest machinery
1. Corn shellers 3,800
2. Flat-bed dryers 1,553
3. Recirculating/columnar 
mechanical dryers

1,016

4. Mobile flash dryers 74
5. Corn mills 1,006
6. Rice mills (single pass) 13,040
7. Rice mills (multi-pass) 975
8. Micro mills 29

Source: DA, 2016

Table 4. Farm machines distributed through RCEF, 2019 - 2020 (as 
of June 2021).

Types of Machines Units
Four-wheel tractors 2,700
Hand tractors 3,140
Floating tillers 969
Precision seeders 124
Walk-behind transplanters 838
Riding-type transplanters 373
Reapers 1376
Combine harvesters 1,706
Threshers 539
Mobile rice mills 124

Source: PHilMech, 2021



Improving Competitiveness Through Farm Mechanization

RICE-BASED BIOSYSTEMS JOURNAL (2022) 10: 113-123   117

a guide for agencies in implementing mechanization 
programs and formulating policy measures to 
enhance the productivity and competitiveness of 
local rice farmers.

Results and Discussion 
Challenges in rice mechanization

A. Lack of capital for mechanization

Efficient agricultural machines and equipment are 
mostly imported from Japan, China, Korea, India, 
and Vietnam at high acquisition costs.  Although 
imported rice combine-harvesters have been 
introduced and became popular in certain regions 
including Cagayan Valley and Central Luzon, the 
level of combine-harvested area is still low at 2.2% 
(Bingabing et al. 2016). Among the common adoption 
constraints were high costs of the machines, parts 
availability, and servicing. Some of the imported 
machines are four-row walk-behind transplanter (PhP 
350,000 - 380,000), 6-row riding-type transplanters 
(PhP 1.1 M), and combine harvesters (PhP 1.4 - 1.6 
M). These prices are evident reasons for the low 
percentage of mechanization in the country as it can 
hardly be afforded by majority of the farmers.

Financial credit facilities are available to farmers 
through banks or nonbank financial institutions. 
However, most farmers are small farm holders who 
seldomly avail loans from these institutions due 
to high interest rates, long processing time, and 
laborious and numerous documentary requirements. 

B. Limited available quality metal parts and 
after-sales service

Providing after-sales services of agricultural 
machines is very limited throughout the country 
restricting the sustainability of its utilization. 

The poor services provided after purchase can be 
attributed to the limited availability of spare parts 
and accessories, inaccessible service centers, and 
insufficient technicians within and after the warranty 
period (DA, 2016). There is also a problem in the 
weak capability of local manufacturers to fabricate 
quality farm machines because of the limited quality 
metal parts and inadequate training of technicians 
and personnel.

C. Lack of qualified skilled workers

Most agricultural machine operators and 
technicians do not have formal training and acquired 
their knowledge solely through the informal life-long 
learning process (DA, 2016). They are not certified 
by the Technical Education and Skills Development 
Authority (TESDA) or any other training agencies. 
They are also hesitant to use machines because they 
do not have sufficient knowledge on proper machine 
operations.  Therefore, appropriate training programs 
and training centers for agricultural machine 
operations, maintenance, storage, and safety must be 
easily made available for the farmers. 

D. Limited custom service providers

Customized services for land preparation and 
threshing are usually done in a very limited scale 
and non-professional way. Currently, provision for 
customized mechanization services has yet to be 
developed and organized as established service 
providers are very few. According to Andales et al. 
(2013), some farm machine owners, who are also 
crop growers, provide customized operation services 
to their co-farmers. Most capable farmers invest on 
machines for their own use, and eventually make farm 
operation services available to other neighboring 
farms.  

Table 5. Rate of farm mechanization (%) per farm operation.

Farm Operation National Survey Nueva Ecija
Land preparation 88.0 100.0 (n=615)
Crop establishment

    Hauling of seedlings * 18.0 (n=113)
    Transplanting 0 0
    Direct seeding 0.1 0.8

Crop care and maintenance
    Irrigation * 14.0
    Hauling of inputs * 48.0
    Pesticide application * 0
    Fertilizer application 0 0

Harvesting 1.3 15.0
Threshing 89.6 85.0
(Bautista et al. 2017)    *no available data  
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E. Small-sized/irregularly shaped  
paddy fields

Available imported farm machines in the market 
are big, which do not fit in small and irregularly 
shaped field plots. Lantin (2001) emphasized that 
this limits machine efficiency in the country. The 
mechanization of small, non-contiguous parcels of 
land may prove to be inefficient especially during 
land preparation and harvesting (Paras and Amongo, 
2005). 

F. Deep-muddy and soft soils with deep  
hardpans

Due to underdeveloped rice fields, irrigation water 
and drainage cannot be efficiently applied resulting in 
deep hardpans and waterlogging that add to farmers’ 
labor difficulties.  Hardpan is a compacted soil layer 
produced by repeated tillage that limits percolation 
of water and nutrients. Furthermore, the continuous 
use of heavy machines such as combine harvesters 
causes breaking of soil hardpans, which leaves a 
pit-like muddy soil layer on the surface This also 
restricts use of power tillers for land preparation. 
Thus, the necessity to design machines that will fit 
the country’s field condition arose, simultaneous to 
the plan of developing rice fields for easy drainage 
during harvesting.

G. Lack of sustained support (Sanchez, 2015)

There are no programs providing linkages to 
agriculture and the industry, and support to the 
transfer of advanced production and post-harvest is 
limited. Processing of technologies to the stakeholders 
is also insufficient. Mohammad (2018) denoted that 
government support policies are necessary to achieve 
food security.

H. High cost and increased use of fossil fuels

The implementation of Tax Reform for 
Acceleration and Inclusion (TRAIN) Law 
significantly increased the prices of petroleum-based 
fuels and lubricants affecting farmers who primarily 
depend on these for farm operations. In rainfed areas, 
farmers use 100 L/ha for irrigation. This activity does 
not only burden the farmers but also causes negative 
impact on the environment, considering that each 
liter of diesel used has a corresponding amount of 2.7 
kg of carbon dioxide released to the atmosphere as 
greenhouse gas (Fenangad et al., 2015).

I. High postharvest losses

The national average of postharvest losses is 
16.5% (PHilMech, 2010): harvesting (2.0%), piling 
(0.1%), threshing (2.2%), drying (5.9%), milling 
(5.5%), and storage (0.8%). The combine harvester 
that reaps and threshes rice in one passing can reduce 

cost and postharvest losses from 5 to 3% per hectare 
(PhilRice, 2018).

J. Impacts of climate change

Obstructive effects of climate change such as 
drought, typhoons, and floods have been affecting 
the agricultural sector (Mohammad et al., 2018). 
Super typhoons have excessively flooded agricultural 
areas resulting in crop destruction. Changing and 
intensifying rainfall exacerbate the situation. To 
minimize losses, harvesting machines that could 
retrieve totally lodged crops should be developed. 

Opportunities

PhilRice, through its Rice Engineering and 
Mechanization Division (REMD), develops 
agricultural machines for local rice farming 
conditions, some of which are already available in 
the market. The following discussions are mainly 
focused on REMD-initiated interventions with other 
agencies complementary activities.

1. Contiguous Farming

Land consolidation facilitates the field operations 
in rice production such as water and nutrient 
management. The REMD Experimental and 
Demonstration farm showcases and tests the PhilRice-
developed technologies, which can improve the rice 
production system through proper land consolidation. 
In general, the REMD demo farm is moving toward 
improved land consolidation, irrigation, and drainage 
infrastructure; improving access roads with entrance 
and exit; and developing a fully mechanized model 
farm. 

2. Tiller for Deep Muddy Field Conditions

The laboy tiller was developed by PhilRice 
in 2006 to deal with deep muddy fields. It was 
commercialized particularly in Aurora where laboy 
fields are common. The tiller has been developed to 
lower the operating cost incurred by hand tractor by 
50%. Moreover, a lightweight riding boat tiller using 
molded tough virgin polyethelyne (MDPE) plastic 
pontoon will soon be pilot-tested. 

3. Climate-Resilient Technologies

A riding-type small farm tractor called MaKiSiG 
(Makina para sa pabago-bagong Klima at Sari-saring 
Gawain sa bukid) is now being developed, which can 
be operated in extreme field conditions like deep-mud 
and water-submerged fields. Aside from doing the 
functions of a typical hand tractor, this mini-tractor 
is also designed to dig canals for conveying water, 
construct small ponds for harvesting rainwater, and 
drill shallow tube wells.
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4. Trainings for Machine Operators 
 and Technicians

PhilRice, through the initiative of the Agricultural 
Training Institute (ATI), had conducted training 
courses on the proper operation and maintenance 
of farm machines to the operators and technicians 
in Cordillera and Region III. This training enables 
participants to take the TESDA examination and 
eventually acquire their certificates.  PhilRice intends 
to apply for accreditation regarding the conduct of 
the required examination so that the institute can also 
grant formal certifications to machine operators and 
technicians. REMD is also working on a proposal to 
establish an Agricultural and Biosystems Engineering 
(ABE) Unit in each PhilRice Branch Stations so 
personnel could efficiently learn the operation and 
proper maintenance of agricultural machines. 

5. Locally Manufactured Machines

PhilRice has spearheaded the development of 
locally adapted models of specific machines. As of 
2018, the following machines produced by  accredited 
manufacturers are already commercially available: 
(1) microtiller, (2) laboy tiller, (3) hand tractor (HT) 
attachment, (4) drum seeder, (5) flatbed dryer, (6) 
reversible dryer, (7) seed cleaner, (8) SACLOB, (9) 
micromill; 10) brown rice mill; 11) flourmill; 12) open 
carbonizer; 13) continuous rice-husk carbonizer, (14) 
rice-husk stove, (15) gasifier stove, and (16) wind 
pump.

6. Alternative Energy Sources

Apart from fossil fuels, alternative and renewable 
energy sources should be promoted and adapted 
by farmers. The Rice Hull-Gasifier Engine Pump 
System developed by PhilRice provides alternative 
fuel (the gas produced from the partial burning 
of the rice hull) for a gasoline engine to pump for 
water supply. This system is 36% and 44% cheaper 
to operate than gasoline engine-pump and diesel 
engine-pump, respectively (Juliano et al., 2010). It is 
also an environment-friendly technology, which can 
provide irrigation water to communities with limited 
access to irrigation facilities.

7. Reduction of Postharvest Losses

Rice postharvest management protocol was 
generated to help reduce losses from 16 to 10%, 
covering the harvesting, threshing, drying, storing, 
and milling operations. A policy paper should be 
developed to facilitate deployment of this protocol.

PhilRice constantly improves the field 
performance and operation of mini-rice combine 
and stripper combine harvesters to minimize 
harvesting losses. The institute also developed some 

improved drying technologies such as the flatbed-
type mechanical dryer and the reversible flatbed 
dryer. Furthermore, the combined conduction and 
far-infrared radiation dryer is currently being pilot-
tested. For better storage, the institute developed 
a hermetic storage called “SACLOB,” which is a 
climate-proof storage for rice seeds, milled rice, and 
brown rice. This airtight storage is made of tarpaulin 
and can store up to 50 kg of milled rice for 6 - 12 
months. Another variant can store up to one ton of 
rice seeds. 

8. Farm Service Providers

Mr. Romeo Vasquez, an agricultural engineer in 
Isabela, is one of the few providers of land preparation, 
transplanting, and harvesting services. Mr. Dante 
Delima of Occidental Mindoro also provides 
mechanization services from land preparation to 
postharvest operations and technical assistance on 
proper irrigation and crop management.

PhilRice, through its consultant Dr. Silvestre 
C. Andales,  is proposing the establishment of 
Farm Service Centers (FSC) in collaboration with 
University of Philippines Los Baños (UPLB), which 
will be supported by government funding agencies. 
PhilRice and UPLB will initially establish three 
FSCs to provide technical assistance in the operation 
and maintenance of rice machinery with the financial 
assistance of the Land Bank of the Philippines (LBP).

9. Focused Intervention on the Reduction  
of Production Cost

Low productivity is evident in rice farms as a 
result of poor crop management and low agricultural 
mechanization level. According to Regalado et al., 
(2013), mechanization is most important in crop 
establishment, harvesting and threshing, and drying 
to boost productivity and reduce cost. High labor cost 
that constitutes 30% of the total production cost can 
be minimized with the use of farm machines.

A gear-transmission power tiller with a pivot 
mechanism for multiple farm operations is being 
developed to reduce labor cost. It can also be a 
universal prime mover for multiple farm machines 
such as rotovator, rice transplanter, paddy seeder, and 
multi-crop seeder.

PhilRice developed row-seeding and was 
introduced using a manual plastic drum seeder.  
However, its utilization is low due to concerns on 
its ergonomics. The REMD technologies currently 
available for direct seeding are: (1) multi-crop 
reduced-till planter, which has a fertilizer applicator, 
and can also plant maize, soybean, and mungbean; 
(2) local riding-type precision seeder, which is being 
field tested and evaluated; and (3) multi-purpose 
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seeder, which can also be used for corn and mungbean 
production, is being pilot tested in five main rice-
producing regions. 

Development of the local riding-type transplanter 
and rice combine harvester created an opportunity 
to collaborate with the Metal-Working Industries 
Association of the Philippines (MIAP) — a group 
of local manufacturers, and the Metal Industry 
Research and Development Center (MIRDC). The 
machineries are being pilot tested including a three-
row mechanical weeder.

Strategies and ways forward

1. Corporate Farming  

This is a new strategy being promoted by the 
Land Bank of the Philippines (LBP) to address the 
problems of farmer cooperatives and associations 
on lack of capital; shortage of competent business 
managers; and unstable financial controls (Javier, 
2016). Corporate farming provides opportunities to 
improve the productivity of cooperative members 
through the available farm inputs and modern 
technologies. This will result in higher yield and 
income from mechanization (Lim, 1985). Fair share 
of income is also assured as farm management is 
being handled by an established financial.

2. Integrated Seed Production  
and Processing Centers 

Centers using bulk handling, processing, and 
storage should be established in strategic locations 
in the Philippines to provide enough high-quality 
rice seeds to farmers. Utilization of certified seeds 
increases yield by 5 - 10%. In 2016, a modern rice seed 
processing facility with 2 tons seeds per hour capacity 
funded by the Korea International Cooperation 
Agency (KOICA) was inaugurated at PhilRice. The 
facility has two 6 t per batch recirculating dryer, 
two units of 4 t capacity per batch reversible airflow 
flatbed dryers, two units of 2 t h-1 air-screen machine, 
one unit of 2 t h-1 gravity separator, an automatic 
bagger and closer, and a 50-cubic-meter cold storage 
room. 

3. Improved Rice Value Chain 

This chain involves the chronological processes 
of production up to the distribution of final product 
to consumers with respective actors playing vital 
roles in series of activities. In each activity, different 
inadequacies arise, resulting in the inefficiency of 
the rice value chain. The study conducted by Miah 
(2013), identified opportunities for improvement on 
the chain: (a) providing proper storage for paddy and 
milled rice; (b) using high-quality seeds; (c) storing 
paddy for better price in off-season; (d) using of 
modern technologies to reduce production cost; (e) 

improving transportation system; and (f) equipping 
involved actors with a clear concept of the rice value 
chain. Improving the chain will make marketing 
of rice profitable to farmers and ensure consumers 
satisfaction.

4. Farmer-friendly Credit and Loan Facility 

A credit facility that can be easily availed by 
farmers for farm input and mechanization must 
be in place. Innovative financing schemes have to 
address farmers’ limited collateral; hence, must 
accept movable assets, minimize long processing of 
documents, and simplify requirements (DA, 2016). 

Currently, DA’s Agricultural Competitiveness 
Enhancement Fund (ACEF) Lending Program, 
managed by the LBP, provides loans to the 
agriculture and fishery sectors. The Farm Equipment 
and Machineries Loan Program was launched by 
DA to help improve local farm mechanization. This 
program initially offers a PhP 400 million fund to 
farmers with a 6% interest per annum, payable in 8 
years (Arcalas, 2018).

5. Strengthening Local Agri-machinery  
Manufacturers

As mandated by R. A. 10601 or the Agriculture 
and Fisheries Mechanization (AFMech) Law, the 
DA will promote and encourage the production of 
locally made agricultural machines. These will be 
cheaper than the imported machines; thus, affordable 
for the Filipino farmers. Therefore, intensified, 
sustained support to strengthen the capability of local 
manufacturers must be provided.

6. Use of Renewable/Alternative Energy 
Sources 

Mechanization cannot be fully discussed without 
referring to the utilization of fossil fuel. The use of 
alternative energy sources should be continuously 
encouraged and promoted as a way to ease the burden 
on the spiraling cost of fuel. Renewable energy 
sources include solar, wind, ocean, hydropower, 
biomass, geothermal, and biofuels. The AFMech 
Law promotes these renewable, non-conventional 
alternative energy sources for agricultural machinery. 
Moreover, further research should be done to enhance 
the use of these renewable energy sources.

7. Smart Farming

Smart farming and precision agriculture involve 
the integration of advanced technologies into existing 
farming practices to increase production efficiency 
and quality of the agricultural products (Brown, 
2018). The September 2018 National Conference 
on Smart Farming 4.0 spearheaded by Philippine 
Council for Agriculture, Aquatic and Natural 
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Resources Research and Development (PCAARRD) 
and PhilRice was held in Batangas State University 
and attended by government and private institutions. 
Collaboration among agencies can effectively 
promote smart farming by conducting significant 
research and development efforts.

Conclusion
Farm mechanization is one of the important 

factors in the development of Philippine rice industry. 
Mechanizing the sector will improve the production 
efficiency and quality of rice. Highly-mechanized 
rice farming can be achieved if mechanization 
challenges will be addressed specifically: (1) small-
sized or irregularly shaped paddy fields, (2) deep- 
mud and soft soils with deep hardpans, (3) impacts 
of climate change, (4) lack of qualified skilled 
workers, (5) increased usage and high cost of fossil 
fuels, (6) postharvest losses, (7) insufficient number 
of established farm custom service providers, (8) 
lack of capital for mechanization, and (9) limited 
availability of quality metal parts, and after-sales 
service. Through the initiatives of REMD, several 
machines have been developed to address these 
challenges and some are now available in the market, 
while others are undergoing pilot-testing. In spite 
of numerous and unending present challenges and 
constraints in improving the competitiveness of 
Filipino rice farmers, opportunities are available to 
raise the awareness level of rice farm mechanization 
in the Philippines. DA-PhilRice’s initiated R&D 
interventions could also address these challenges. 
Strategies and ways forward are recommended to 
comprehensively promote mechanization in rice 
farming and modernization of the rice industry. 
Through the implementation of these strategies, 
government support, and cooperation of the 
stakeholders, the competitiveness of the Filipino rice 
farmers and the rice industry is possible.
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Abstract
Sixty-one nitrogen-fixing bacteria found at the Long-term Fertility Experiment (LTFE) plots of Philippine 

Rice Research Institute in Nueva Ecija were isolated and characterized for their plant-growth promoting activities. 
These include indole-3-acetic acid (IAA) production, phosphate solubilization, and starch hydrolysis. Thirty-
three of the isolates were obtained from the fertilized plots and 28 from the unfertilized plots. Sixteen isolates 
solubilized tricalcium phosphate and only 4 hydrolyzed starch. For IAA production, 57% of bacterial isolates 
were positive while the remaining 43% were negative based on qualitative observation of color development. 
It was manifested by the change in color of the broth culture from pink to red. Most of the positive isolates for 
IAA production were obtained from the fertilized plot. On the average, Phosphorus Solubilization Index (PSI) 
of bacterial isolates from the LTFE area ranges from 1.39 to 2.12. The highest solubilizing index was exhibited 
by F3-008 (2.12). These potential plant growth-promoting bacteria (PGPB) needs to be evaluated in a plant-soil 
system to uncover their effectiveness as plant growth-promoter under field conditions.

Keywords: Indole-3-acetic Acid, Phosphate Solubilization, Starch Hydrolysis, Plant Growth-promoting Bacteria, Long-term 
Fertility Trials

Introduction
Rice (Oryza sativa L.) is the staple food of more 

than half of the world’s population (Gross and Zhao, 
2013). It is a very rich source of carbohydrates as well 
as main livelihood of people particularly in Asian 
countries. This 21st century, cultivation, marketing, 
and consumption of rice are changing rapidly. The 
world population is expected to increase beyond 8 
million implying major challenges in the food sector 
and threatens food sustainability (Toriyama et al., 
2005; Smol, 2012).

Intensification of rice production is a way to 
mitigate these demands; thus, an increase in chemical 
fertilizer usage is expected. The long-term fertility 
experiment (LFTE) of the Philippine Rice Research 
Institute (PhilRice) is one of the oldest long-term 
fertility trials in the world, which started to operate 
since 1970. Its major function is to assess the 
effects of fertilizer treatments on soil productivity 
and soil health under long-term conditions. Due to 
the possible consequences of increased usage of 
chemical fertilizers in rice crop production, there is 
a growing interest on alternative strategies to ensure 
the sustainable production and maintenance of soil 
health. Soil microorganisms are vital component of 
the soil system because of their crucial role in all 
biogeochemical processes, which occur in the soil 

allowing the mobilization of plant nutrients (Basau et 
al., 2021).

Plant growth-promoting bacteria is a non-
pathogenic and strongly root colonizing bacteria 
that resides on the rhizoplane and increase plant’s 
yield by one or more mechanisms (Babalola, 
2010). Presence of PGPBs entails either plants are 
provided with growth-promoting substances that is 
synthesized by the bacterium or uptake of specific 
plant nutrients is facilitated. The indirect promotion 
of plant growth occurs when potential plant growth-
promoting bacteria (PGPB) prevent the deleterious 
effects of phyto-pathogenic microorganisms (Glick, 
1995; Ahemed and Kibret, 2013). PGPB-mediated 
growth occurs through altering the whole microbial 
community in the rhizoplane niche. This is done 
through the production of various plant growth 
promoting substance such as IAA, gibberellins, and 
siderophore and through biochemical mechanisms 
of various growth-promoting characteristics such 
as phosphate solubilization and antifungal activity 
(Kloepper and Schroth, 1981).

Interest in  the potentials of indigenous plant-
growth promoting microorganisms as microbial 
inoculant in agriculture due to their ability to induce 
plant growth and improve the microbial health of 
the soil is continuously rising. This study isolated 
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and characterized indigenous rhizoplane bacteria 
with multiple plant-growth promoting activities. It 
also initiated a unique opportunity to look for the 
promising growth-promoting-bacteria that has the 
potential to improve soil health and contribute to 
higher crop yield.

Materials and Methods
Soil Sample Collection

Soil samples were collected from the LTFE of the   
the PhilRice Central Experiment Station (CES) in 
Nueva Ecija, Philippines. From each sampling plots 
(planted with NSIC Rc 160 and fertilizer treatments 
of no N-P-K fertilization and +N-P-K Site-Specific 
Nutrient Management [SSNM] for Nitrogen), soil 
samples were collected at the post-harvest stage of 
rice. Single point samples were collected using the 
standard procedure of soil sampling. Soil samples 
were placed in clear sterile plastic containers and 
transported to the laboratory.

Isolation and Purification of Bacterial Isolates

One gram of fresh soil sample was added into a 
centrifuge tube containing 9 mL water blank. Soil 
suspensions were mechanically shaken using a vortex 
mixer, afterwards diluted to make a series of four ten-
fold dilutions. Meanwhile, 0.1 mL of the 10-2 and 
10-3 dilutions was spread plated on duplicate Jensen’s 
Nitrogen-free (N-Free) agar plates. The plates were 
incubated under room temperature for 7 days and 
morphologically different colonies appearing on the 
medium were purified.

Media used

Jensen’s N-free medium was used for the isolation 
and purification of free living N2-fixing bacteria. 
This medium was only prepared when needed. The 
media was sterilized for 20 min under 121o C and 15 
lbf/in² before use. 

In vitro Screening of Bacterial Isolates 
 for Plant Growth-Promoting Activities

Microbiological assays for the assessment of plant 
growth-promoting activities (PGPA) were conducted 
to determine the potential of bacterial isolates as 
plant growth promoters. Isolates were tested for IAA 
production, phosphate solubilization, and starch 
hydrolysis.

IAA production assay

 A loopful of bacteria was inoculated into Jensen’s 
N-free broth supplemented with 0.05 g L-Tryptophan 

(Shahab et al., 2009). After 7 days of incubation, 
cultures were centrifuged for 10 min at 13,000 rpm 
under 4˚C. The IAA in the supernatant was detected 
colorimetrically by incorporating Salkowki’s reagent 
(1.0 mL 0.5 M FeCl3, 30.0 mL H2SO4, and 50.0 
mL distilled water), 1 ml of the supernatant was 
reacted with 2.0 ml of the reagent. Pink to red color 
development indicates positive result. Absorbance 
values were determined using a spectrophotometer 
(590 nm) and the concentration of IAA was 
determined using the IAA standard curve.

Phosphate solubilization assay 

Bacterial isolates were point-inoculated on the 
surface of the Pikovskaya’s media and were incubated 
for 5 days. Clearance or halo zone formation 
around the bacterial colony indicates phosphate 
solubilization (Shahab et al., 2009). Phosphate 
solubilizing efficiency of bacterial isolates was semi-
quantitatively determined in terms of its PSI using 
the formula (Sarker et al., 2012):

Eq. 1     

 
Starch hydrolysis assay

Bacterial isolates were streak-inoculated on 
starch agar plates. After 24 h of incubation under 
room temperature, the surface of the plate was 
submerged with Lugol’s iodine solution to determine 
the presence or absence of starch in the vicinity of 
bacterial growth. Microbial starch hydrolysis was 
revealed as a clearing zone surrounding bacterial 
colonies (Collins et al., 1995).

Results and Discussion
Isolation of PGPB from the Soil

Sixty-one nitrogen-fixing bacteria were obtained 
from soil samples from LTFE plots (Table 1). Thirty-
three of the isolated bacteria came from the fertilized 
treatment and 28 were isolated from the unfertilized 
treatment. Jensen’s medium was used in the isolation 
and purification of nitrogen-fixing bacteria. The 
high number of nitrogen-fixing bacteria from the 
rhizoplane indicates that soils have numerous 
nitrogen-fixing bacteria that can induce plant-growth. 
Bacterial isolates from LTFE plots were considered as 
nitrogen-fixers due to their ability to grow in Jensen’s 
N-free medium, which is selective for diazotrophs. 
Nitrogen-fixing bacteria were able to fix atmospheric 
nitrogen and grow on N-free medium.
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Isolates IAA
mg/L PSI Starch 

Hydrolysis
F1-001 332.35 0.00 -
F1-002 54.50 0.00 -
F1-003 73.00 0.00 -
F1-004 8.00 0.00 -
F1-005 0.00 0.00 -
F1-006 47.50 0.00 -
F1-007 0.00 1.39 -
F1-008 124.25 0.00 -
F1-009 336.50 0.00 -
F1-010 408.50 0.00 -
F1-011 0.00 0.00 +
F1-012 0.00 0.00 -
F1-013 129.75 0.00 -
F1-014 343.50 0.00 -
F1-015 0.00 0.00 -
F2-001 29.75 1.50 -
F2-002 0.00 0.00 -
F2-003 408.00 0.00 -
F2-004 0.00 1.55 -
F2-005 0.00 0.00 -
F2-006 441.50 0.00 -
F2-007 539.50 0.00 -
F2-008 0.00 0.00 -
F2-009 61.50 1.71 -
F2-010 494.75 0.00 -
F3-001 0.00 1.63 -
F3-002 0.00 0.00 -
F3-003 0.00 1.41 -
F3-004 38.75 0.00 -
F3-005 105.50 1.66 -
F3-006 236.75 0.00 -
F3-007 34.25 0.00 -
F3-008 0.00 2.12 -
UF1-001 0.00 0.00 -
UF1-002 295.50 0.00 -
UF1-003 215.25 1.81 -
UF1-004 17.50 1.41 -
UF1-005 9.25 1.43 -
UF1-006 52.50 0.00 -
UF1-007 0.00 0.00 +
UF1-008 39.00 0.00 -
UF1-009 153.00 0.00 -
UF1-010 192.25 1.45 -
UF2-001 334.00 0.00 -
UF2-002 164.50 0.00 +
UF2-003 418.25 0.00 -
UF2-004 193.25 0.00 -
UF2-005 13.50 0.00 -
UF2-006 331.00 0.00 -
UF2-007 12.50 1.63 -
UF2-008 16.00 0.00 -
UF2-009 56.75 0.00 -
UF2-010 372.75 0.00 -
UF2-011 247.75 0.00 -
UF3-001 37.00 0.00 -
UF3-002 287.25 1.43 -
UF3-003 29.50 1.41 -
UF3-004 72.00 1.47 -
UF3-005 503.00 0.00 -
UF3-006 29.50 0.00 +
UF3-007 131.5 0.00 -

In vitro screening of nitrogen-fixing bacteria 
for their PGPA

IAA production

Based on qualitative observation of color 
development, 57% of the total bacteria isolated from 
LTFE were positive for IAA while the remaining 43% 
were negative. IAA production was manifested by the 
change in color of the broth culture from pink to red 
after the incorporation of Salkowski’s reagent (Figure 
1). Most of the positive isolates that are positive for 
IAA production were obtained from the fertilized 
plot. Quantitative determination of IAA was done 
using regression analysis based on the intensity of 
color development against a standard series. Results 
showed that bacterial isolates from the fertilized and 
unfertilized plots produced an average amount of 
IAA of 237.04 and 165.69 mg L-1, respectively.

Most of the nitrogen-fixing isolates were IAA 
producers, which have the potential to stimulate plant 
growth provided that tryptophan, its precursor,  is 
available (Marumo, 1968). Tryptophan is an essential 
amino acid that undergoes oxidation via bacterial 
enzymatic activities. The development of pink to 
red color in the broth suspension was due to the 
complex formed by the reaction between Fe-H2SO4 
solution and IAA present in the solution (Aly et al., 
2012; Gronomeyer et al., 2012). Inoculation of IAA 
producing isolates induces lateral root and root hair 
development, which has profound implications on 
plant growth and development (Wahyudi et al., 2011). 
Numerous microorganisms produce IAA, which 
might have been responsible for the positive findings 
in colorimetric tests (Ahemad and Kibret, 2013). 

Phosphate solubilization

Sixteen of the 61 isolates were positive for 
phosphorus solubilization. Phosphorus solubilization 
was manifested by the formation of halo or clearing 
zone around bacterial colonies in the Pikovskaya’s 
media, which contains Ca3PO4 as source of 
phosphorus (Figure 2). The formation of clearing 
zone may be attributed to the production of low 
molecular weight organic acids by the bacteria 
through the presence of hydroxyl and carbonyl 
groups, which chelate the cations bound to phosphate; 
thus, increasing phosphorus availability in the soil 
that can enhance plant growth.

Table 2 shows the PSI of the isolates positive 
for phosphate solubilization. Bacterial phosphorus 
solubilization was quantified by computing the PSI 
(eq. 1). On the average, PSI of bacterial isolates from 
the fertilized plot ranged from 1.39 to 2.12. The 
highest solubilizing index was exhibited by F3-008 
(2.12). 

Table 1. Growth-promoting activities of 61 nitrogen-fixing 
isolates.
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In terms of phosphate solubilization, 16 isolates 
were found to be positive. The strains of the genera 
Pseudomonas, Bacillus, and Rhizobium are among 
the most efficient phosphate solubilizers.  It has 
been established that the principal mechanisms of 
phosphate solubilization is the production of low 
molecular weight acids that chelates the ions bound 
to phosphate through their hydroxyl and carbonyl 
groups; thus, increasing phosphate availability for 
plant utilization. Moreover, phosphate solubilizing 
bacteria can produce organic acids such as citric, 
glyoxalic, malic, Ketobutyric, fumaric, and tartaric 
acid. (Kannapiran and Sri Ramkumar, 2011). 
Proliferation of phosphate solubilizing bacteria in the 
soil often yields to soil acidification, which leads to 
phosphorus solubilization (Zhu et al., 2011).

Starch hydrolysis

Four (UF1-007, UF2-002, UF3-006, F1-011) of the 
55 isolates were positive for starch hydrolysis (Table 1). 
Three of the four positive isolates were obtained from 
the unfertilized plot. Starch hydrolysis is manifested 
by the formation of clearing zone around bacteria 
streak after the surface of the medium was washed 

Figure 2. Phosphate solubilization on Pikovskaya’s agar medium. Positive result is indicated by the 
presence of clearing zone around bacterial colony.

Figure 1. IAA production in N-free broth with Salkowski’s reagent, development of red-pink color after the 
incorporation of Salkowski’s reagent indicates the presence of IAA in the broth solution.

Table 2. PSI of bacterial isolates positive for phosphorus 
solubilization assay. 

Isolate Code
Colony 

Diameter 
(mm)

Halo Zone 
Diameter

(mm)
PSI

F1-007 07.75 10.75 1.39

F2-001 05.50 08.25 1.50

F2-004 05.25 08.12 1.55

F2-009 06.12 10.50 1.71

F3-001 03.75 06.12 1.63

F3-005 08.12 13.50 1.66

F3-003 11.82 16.75 1.41

F3-008 04.25 09.00 2.12

UF1-003 05.87 10.62 1.41

UF1-004 06.75 09.50 1.41

UF1-005 06.62 09.50 1.43

UF1-010 08.12 11.75 1.45

UF2-007 04.50 06.12 1.63

UF3-002 06.37 09.12 1.43

UF3-003 05.50 07.75 1.41

UF3-004 04.25 06.25 1.47
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with iodine solution (Figure 3). This test is used to 
identify bacteria that can hydrolyze starch using 
α-amylase and oligo-1,6-glucosidase enzyme. Iodine 
solution must be added to the starch agar to be able 
to interpret the results of the starch hydrolysis test. 
Iodine reacts with the starch by forming a dark brown 
color. Subsequently, hydrolysis of starch yields to a 
clearing zone around bacterial growth (MacFaddin, 
2000). The principal mechanism of starch hydrolysis 
is through the secretion of exoenzyme, including 
α-amylase and oligo-1,6-glucosidase, which hydrolyze 
starch by breaking the glucosidic linkages between 
the sugar subunits (Collins et al., 2004). The bacterial 
isolates are non-starch hydrolyzing, which could be 
attributed to the low exoenzyme-producing ability of 
the isolates; making the bacteria unable to split starch 
into individual α-glucose sub-units. This finding is 
not new with respect to nitrogen-fixing bacteria as 
similar results were obtained by Dhevendaran et. al 
(2013).

Conclusion
The results indicate that rice paddy soil collected 

from the fertilized LTFE plots are good source of 
potential plant growth-promoting bacteria. Several 
bacteria were isolated and proved to be promising 
plant growth-promoters based on a series of 
biochemical screening. Growth-promoting activities 
of the bacteria include IAA production, phosphate 
solubilization, and starch hydrolysis. These traits are 
known and proven to positively affect plant growth 
and development via direct and indirect mechanisms. 
Hence, these potential PGPB need further evaluation 
in a plant-soil system to uncover their effectiveness as 
plant growth-promoters under field conditions.
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