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PERFORMANCE OF OYSTER MUSHROOM (PLEUROTUS SPP.)
GROWN IN DIFFERENT SUBSTRATE ADDED WITH
NITROGEN-RICH PLANTS

RicHARD R. GEGANZO, FrRANCIS G. CAPINO, CHESTER IAN TALIDANO, AND ALJEN P. VASQUEZ*

Department of Agriculture Region VI- Research Division, Buntatala, Jaro, Iloilo City
*Corresponding Author: aljsvasquez@gmail.com

Abstract

The growing popularity of mushroom production in the Philippines and globally is driven by its social,
economic, and environmental benefits. While leguminous crop residues are typically used as organic fertilizers,
their potential as substrate enhancers for mushroom cultivation, especially when integrated with rice straw,
remains underexplored. Rice straw, an abundant agricultural by-product of rice farming in the country, offers a
sustainable base material for mushroom production. However, it is relatively low in nitrogen, a critical element for
optimal mushroom growth. This study was conducted to address the increasing demand for mushrooms by
enhancing productivity and nutritional quality through the integration of nitrogen-rich leguminous crop residues
with rice straw-based growing media. Conducted at the Department of Agriculture - Western Visayas Integrated
Agricultural Research Center, the study evaluated the performance of white (Pleurotus ostreatus) and gray
(Pleurotus sajor-caju) oyster mushrooms cultivated in rices straw combined with nitrogenous plant residues. Five
substrate combinations were tested: rice straw + sawdust (RS+SD), rice straw + soybean straw (RS+SBS), rice
straw + peanut straw (RS+PS), rice straw + mungbean straw (RS+MS), and rice straw + ipil-ipil leaves (RS+IpL),
all in a 70:30 ratio. Spawns were inoculated under aseptic conditions, and mushroom growth parameters were
monitored. All rice straw-based combinations supported mycelial development, but RS+SBS and RS+PS resulted
in the fastest colonization and highest yields. Nutrient analysis revealed that enriching rice straw with leguminous
residues increased nitrogen content in the substrates and produced fruiting bodies with higher crude protein. The
study strongly recommends using rice straw integrated with nitrogen-rich materials to optimize oyster mushroom

yield and nutrition while promoting circular use of rice-based farm waste.

Keywords: rice straw, nitrogen-rich plants, oyster mushroom, mycelium, substrate performance

Introduction

Mushroom production has long been an industry
in the Philippines and abroad. This technology gained
popularity among farmers and food enthusiasts due to
its social, economic, and environmental impact
(Andam and Dulay, 2014). In the Philippines, most
mushrooms consumed are imported from countries in
Southeast Asia such as China, Taiwan, Thailand,
Malaysia, Korea, and Japan. Despite this, mushroom
cultivation remains economically viable in the
country due to low production costs, the availability
of inexpensive substrates derived from agricultural
waste, particularly rice straw, and the high market
demand. These factors make mushroom cultivation
both profitable and feasible, presenting a valuable
opportunity for local farmers.

Among the available agricultural residues, rice
straw stands out as one of the most commonly used
substrates for oyster mushroom (Pleurotus spp.)
cultivation in rice-producing regions. However, rice
straw is relatively low in nitrogen content, which can
limit mushroom growth and yield. To address this
constraint, researchers have begun incorporating

nitrogen-rich materials, particularly leguminous crop
residues, into rice straw-based substrates. This
practice has the potential to enhance the nitrogen
profile of the growing media and support higher yields
and nutritional quality of mushroom fruiting bodies.

Mushrooms present a balanced nutritional
composition (Rashidi and Yang, 2016) and are
considered an attractive alternative source of high-
quality protein with essential and non-essential amino
acids (AA). All amino acids needed by the human
body are present in edible mushrooms (Bach et al.,
2017). The nutrient content of food is primarily
determined by its protein and carbohydrate (or fat)
content. Edible mushrooms are highly nutritious and
can be compared to eggs, milk, and meat (Oei, 2003).
Pleurotus ostreatus in particular contains numerous
essential amino acids such as methionine, isoleucine,
lysine, and glutamic acid. It is also rich in
physiologically meaningful primary and secondary
metabolites and chemical elements. One hundred
grams of fresh fruiting bodies contain 15% of the
recommended daily intake of vitamin C, 40% of
niacin, riboflavin, and thiamine, and 0.5 mg of
vitamin B12. This species also contains a high level of
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oleic acid (40%) and linolenic acid (55%) (Piska et al.,
2017).

Cultural practices play a crucial role in achieving
efficient mushroom production, leading to higher
yields and increased profitability. A substrate is any
substance that can facilitate mycelial growth. In the
tropical Philippine setting where rice is a major staple
and rice straw is abundantly available, strategic
substrate enhancement is key to improving mushroom
production outcomes. Therefore, it is essential to
consider combinations of rice straw with other locally
available materials that can increase substrate
nitrogen content while reducing input costs and
maximizing yield.

High concentrations of carbohydrate and nitrogen
sources are usually needed to achieve high-yielding
mushrooms (Belewu and Lawal, 2003). While rice
straw provides an excellent carbon source, it is often
deficient in nitrogen. On the other hand, residues of
leguminous crops such as soybean, mungbean,
peanut, and ipil-ipil are known to have higher nitrogen
content than cereal straws (Lopez et al., 2005). These
residues are typically used as organic fertilizers to
amend soils, but their potential as nutrient-rich
additives to rice straw-based substrates for mushroom
cultivation remains underexplored.

Given the growing demand for mushrooms in the
Philippines (Chang et al., 2014), there is an urgent
need to sustainably increase productivity by utilizing
locally available agricultural by-products and rice
farming residues. This study was conducted
specifically to evaluate the yield and nutritional
profile of different Pleurotus spp. grown on rice
straw-based substrates incorporated with nitrogen-
rich leguminous plant materials. It further aimed to
assess the performance of these substrates in terms of
mushroom growth parameters, substrate and fruiting
body nutrient content, and economic viability.

Several studies support the viability of nitrogen-
rich crop residues in mushroom substrate
enhancement. Salami et al. (2017) evaluated
Pleurotus florida grown on corncob (CC) mixed with
soybean shell (SYB), rice bran (RB), and groundnut
shell (GS). The combination CC+SYB supported the
highest yield and crude protein content of mushrooms,
demonstrating the benefit of  nitrogen
supplementation. Musara et al. (2017) showed that
mixing cereal straw (maize or sorghum) with legume
straw (bean) improved the biological efficiency of
Pleurotus spp., with maize straw + bean straw
yielding up to 83% efficiency.

In another related study, Mamiro and Mamiro
(2011) assessed two crops of Pleurotus ostreatus
grown on rice straw as the base substrate. In crop I,
rice straw was mixed with various proportions of
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banana leaves, Leucaena leucocephala, maize bran,
or maize cobs. In crop II, rice straw was supplemented
with sunflower or cotton seedcake. A 50/50 mixture of
rice straw and banana leaves yielded 1,040 g with a
biological efficiency (BE) of 98.5%. Supplementation
with 2% sunflower or cotton seed hulls achieved
yields over 1,070 g and BE exceeding 101%. Notably,
non-supplemented rice straw produced the largest
mushrooms (21.0 g), although with lower yield
efficiency. These findings reinforce the potential of
rice straw as a base substrate, and the need for
strategic nitrogen enrichment.

In this context, the study aimed to explore how the
integration of nitrogen-rich leguminous plant residues
into rice straw substrates affects the growth, yield, and
protein content of white and gray oyster mushrooms
(Pleurotus ostreatus and Pleurotus sajor-caju). By
focusing on rice straw as a foundational component,
this study aligns with the goal of maximizing the
value of rice by-products for enhanced mushroom
production in the Philippines.

Materials and Methods
Materials

The study was conducted at the on-station
mushroom production facility of the Department of
Agriculture - Western Visayas Integrated Agricultural
Research Center (DA-WESVIARC) in Brgy.
Buntatala, Jaro, Iloilo City, Philippines, from January
2021 to December 2022. All materials were sourced
locally. Substrate materials for the fruiting bags
included rice straw, sawdust, ipil-ipil (Leucaena
leucocephala) foliage, soybean straw, peanut straw,
and mungbean straw. Materials for the preparation
and pasteurization of fruiting bags included
polypropylene (PP) plastic bags (6 x 127, 0.02 mm
thickness), cotton, rubber bands, PVC pipes, manila
paper, plastic drums (for substrate soaking), and a
metal drum (for fruiting bag sterilization). Additional
materials used to facilitate the research included
plastic containers/crates, a record book, a digital
weighing scale, a digital camera, plastic twine,
ballpoint pens, markers, and either a shredder
machine or a bolo for material preparation.

Substrate Preparation and Proximate Analysis:
Rice straw, peanut straw, soybean straw, mungbean
straw, and ipil-ipil leaves were collected from nearby
municipalities. These materials were air-dried and
allowed to partially decompose before being shredded
into smaller pieces using a shredding machine. The
shredded substrates were then soaked overnight in
clean water within plastic drums. Following soaking,
the substrates were air-dried to achieve a target
moisture content of 65-75%, which was verified using
a moisture meter.



The prepared substrates were then bagged into
polypropylene plastic bags, with each bag containing
750 g of substrate. The following substrate
combinations were prepared: rice straw + sawdust
(70:30 ratio), rice straw + soybean straw (70:30 ratio),
rice straw + peanut straw (70:30 ratio), rice straw +
mungbean straw (70:30 ratio), and rice straw + ipil-
ipil leaves (70:30 ratio). Fruiting bags were sterilized
once in a metal drum for 8h and allowed to cool prior
to inoculation.

For proximate analysis, 1 kg of dried samples
from each substrate combination was submitted to the
Department of Agriculture — Integrated Laboratory
Division, Feed Chemical Analysis Laboratory. The
nitrogen content and crude protein content of the
substrates were determined using the Kjeldahl method
(Kjeldahl, 1883). The specific formula used for
calculation was:

14.01 x (Titre value mls-blank value mls)
x Conc. of acid used

N= Sample weight used x 10

Spawn inoculation and Incubation: Grain spawn
of various oyster mushroom species was acquired
from WESVIARC’s on-station mushroom production
facility. Sterilized fruiting bags were aseptically
inoculated, each receiving approximately one
teaspoon of high-quality white and gray oyster
mushroom spawn. The inoculation chamber was
disinfected with 70% alcohol, and all inoculating tools
were flame-sterilized to prevent contamination.
Fruiting bags were labeled according to their
treatment combination and then transferred to an
incubation room, ensuring no direct sunlight
exposure. The optimal temperature for mycelial
colonization (spawn running) ranges 22-26°C (Ladli,
2020). The number of days required for complete
mycelial ramification was recorded for each fruiting
bag during incubation.

Fruiting Bag Stacking and Management: Upon
complete colonization by the mycelium, the fruiting
bags were moved to the growing area. These were
suspended vertically using nylon twine, with 10
fruiting bags per line representing each treatment.
Slits were made at the upper portion of each bag using
a sterile knife to facilitate mushroom growth. In this
study, 300 fruiting bags were used. A thermometer
and hygrometer were used to continuously monitor
and maintain the temperature and relative humidity
within the fruiting house. Ideal fruiting conditions
require a temperature range of 20-30°C and a relative
humidity of 75-85%. Regular misting with potable
water was performed to help lower the temperature
and increase relative humidity.

Harvesting of Mushroom. Oyster mushrooms
were harvested when the margins of their caps were

Oyster Mushroom Yield in Nitrogen-rich Substrates including Rice Straw

nearly flattened. Harvesting typically occurred 2-3
days after the emergence of pinheads. Mushrooms
were weighed according to their respective treatments
across three flushes. After the third flush, the total
yield and biological efficiency were determined for
each treatment.

Chemical Analysis of Mushroom Fruiting bodies.
Freshly harvested mushroom fruiting bodies were dried
and processed into a powdered form. These powdered
samples were then submitted to the Department of
Agriculture — Integrated Laboratory Division, Feed
Chemical Analysis Laboratory, for nutrient analysis.
Specifically, treatment samples underwent proximate
analysis to ascertain their crude protein, crude fiber,
crude fat, moisture, and ash content when grown on
different nitrogen-rich substrates.

Statistical Tool. The study employed a two-way
factorial Randomized Complete Block Design
(RCBD). Factor A consisted of two different species
of oyster mushrooms, while Factor B comprised five
distinct substrate combinations. Each treatment
combination was replicated three times, with each
experimental unit consisting of 10 fruiting bags,
totaling 300 fruiting bags for the entire study.

Results and Discussion

The study used a factorial ANOVA to evaluate the
effects of incorporating different nitrogen-rich
leguminous plants (70% rice straw + 30% nitrogen-
rich plants) into the substrate of white and gray oyster
mushrooms. The analysis focused on the number of
days for mycelial ramification, pinhead formation,
survival rate, yield, and biological efficiency.

Number of days of mycelia ramification. Good
development of white, cottony mycelium was
observed in all substrate combinations for both oyster
mushroom species. The survival rate (%) recorded
during the incubation period showed no significant
difference across substrate combinations (p = 0.43).
Similarly, there was no significant difference between
white and gray oyster mushrooms, with white oyster
recording M = 100% (SD = 0) and gray oyster M =
98.9% (SD=0.4) (p =0.33).

However, the number of days for mycelial
ramification was significantly different between the
white (M = 27.03 days) and gray (M = 30.9 days)
oyster mushroom species (p < 0.01). Substrate
combinations RS+SBS (M = 27.5), RS+PS (M =
27.9), and RS+MS (M = 27.3) resulted in significantly
shorter mycelial colonization periods compared to
RS+SD (M = 30.4) and RS+IpL (M = 31.8) (p <
0.001). No significant interaction effect was found
between substrate and species (p = 0.06), indicating
that the influence of substrate and mushroom species
on mycelial development is independent.
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All substrate treatments supported mycelial
growth, but substrates with leguminous plants
especially soybean straw, peanut straw, and mungbean
straw, significantly reduced colonization time, with the
exception of ipil-ipil foliage (Table 1). This supports
the findings of Salami et al. (2017) who highlighted the
benefits of organic nitrogen supplementation.
According to Nunes et al. (2012), fungi absorb organic
nitrogen more efficiently than synthesizing it,
conserving energy for growth and fruiting.

Although ipil-ipil foliage is nitrogen-rich (Figure
2), excessive inclusion (beyond 20%) can hinder
mycelial growth, as supported by Andrew (2023). In
this study, the 30% inclusion of ipil-ipil resulted in the
longest colonization period, likely due to excessive
nitrogen. As reported by Hassan et al. (2010),
mycelial growth largely depends on substrate
composition and growing conditions. Since
environmental conditions were uniform across
treatments, substrate composition is likely the main
factor in observed differences.

Number of days of pinhead formation. Pinhead
formation refers to the initial emergence of mushroom
fruiting bodies. Results (Table 2) show that white

oyster mushrooms formed pinheads significantly
faster (M = 34.5 days) than gray oysters (M = 42.8
days) (p < 0.001). Substrate combinations RS+SBS
(M = 35.7), RS+PS (M = 35.9), and RS+MS (M =
34.4) led to significantly earlier pinhead formation
compared to RS+SD (M = 43.2) and RS+IpL (M =
43.3) (p <0.001).

The interaction between substrate and species was
not significant (p = 0.205), indicating no combined
effect. Substrates enriched with soybean straw, peanut
straw, and mungbean straw promoted earlier pinhead
formation than the control and ipil-ipil foliage. On
average, pinhead formation occurred 8-12 days after
full mycelial colonization.

This contrasts with Bhattacharjya et al. (2014),
who reported 6-8 days for pinhead initiation. Such
variation could be attributed to differences in species,
substrates, and environmental conditions. Other
studies (Imtiaj & Rahman, 2008; Raman et al., 2021)
have shown that mushroom strain, spawn rate, and
growing conditions affect the interval between
spawning and fruiting. Rapid mycelial growth is
often associated with quicker pinhead formation and
higher yield (Baysal et al., 2003; Naraian et al.,
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Figure 1. Survival rate (%) of white and grey oyster mushroom.

Table 1. The average number of days of mycelium ramification.

Substrate

Species RS S&ic;iss
+SD (Control) RS+SBS RS+PS RS+MS RS+IpL
White Oyster 28.9 25.2 25.7 24.8 30.5 27.03°
Gray Oyster 31.9 29.8 30.0 29.8 33.1 30.9°
Substrate Mean 30.4° 27.5° 27.9° 27.3° 31.82
RS rice straw, SD sawdust, SBS soybean straw, PS peanut straw, MS mungbean straw, IpL ipil-ipil leaves
CV-2.72%
Note: the lower the number of days the better
Table 2. Average number of days of pinhead formation.
Species Substrate Combination Species
RS + SD (Control) RS+SBS RS+PS RS+MS  RS+lpL Mean
White Oyster 37.8 31.5 30.6 30.3 42.5 34.5°
Gray Oyster 48.7 39.8 413 38.5 441 42.8°
Substrate Mean 43.22 35.7° 35.9° 34.4° 43.32

RS rice straw, SD sawdust, SBS soybean straw, PS peanut straw, MS mungbean straw, IpL ipil-ipil leaves

CV-9.33%
Note: The lower the number of days the better.
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2009), confirming the
suitability.

importance of substrate

Yield. Yield was measured by weighing the freshly
harvested mushroom fruiting bodies. No significant
difference was found between the yields of white (M
=202.5 g) and gray (M = 193.8 g) oyster mushrooms
(p = 0.13). However, substrate type significantly
affected yield (p < 0.001). As shown in Table 3,
RS+SBS (M = 217.12) and RS+PS (M = 213.97)
achieved significantly higher yields compared to
RS+MS (M = 198.27), RS+SD (M = 191.42), and
RS+IpL (M = 170.08). No interaction effect was
found between substrate and species (p = 0.1914).

These findings confirm that incorporating
nitrogen-rich leguminous plants into the substrate can
significantly improve yield, consistent with Tikdari
and Bolandnazar (2012). Musara et al. (2017)
emphasized the value of combining cereal straw (for
lignocellulose) and nitrogenous substrates (for
protein) to enhance mushroom growth.

Despite its nitrogen content, ipil-ipil foliage
contains mimosine, a toxic compound that interferes
with enzymatic activities, inhibits cell division, and
may lead to plant growth suppression and mortality
(Kato-Noguchi & Kurniadie, 2022). This may explain
the significantly lower yield from RS+IpL. Andrew
(2023) similarly found that substrate mixes with 20—
100% ipil-ipil foliage resulted in reduced or no yield.
Thus, a 30% inclusion, as in this study, corresponded
to the lowest yield.

Table 3. Average yield (g) of oyster mushroom.

Oyster Mushroom Yield in Nitrogen-rich Substrates including Rice Straw

These results align with Ashraf et al. (2013), who
also found no significant yield difference between
white and gray oyster species.

Biological efficiency (BE). Biological efficiency
(BE) was used to assess the effectiveness of each
substrate combination in mushroom production. It
was calculated by dividing the total fresh yield by the
dry weight of the substrate. No significant difference
in BE was observed between white and gray oyster
mushrooms (p = 0.18). However, significant
differences were found among substrate combinations
(p <0.001).

Post hoc analysis showed that RS+SBS (M =
109.23) and RS+PS (M = 108.58) had significantly
higher BE values than RS+MS (M = 98.52), RS+SD
(M =96.67), and RS+IpL (M = 85.15). There was no
significant interaction effect between substrate and
species (p = 0.07).

These findings mirror yield trends (Tables 3 and
4), as BE is directly correlated with yield. The
incorporation of soybean and peanut straw notably
increased BE. This study’s BE range (85-109%) is
higher than that reported by Muswati et al. (2021),
which ranged from 66-86%. Thus, using nitrogen-
rich substrates can significantly improve the
biological efficiency of both oyster mushroom
species.

Proximate analysis. Proximate analysis of both the
mushroom fruiting bodies and the substrates was

Substrate Combination

Species RS S&%‘gﬁs
+ SD (Control) RS+SBS RS+ PS RS+ MS RS+IpL
White Oyster 188.3 218.3 213.7 204.6 187.9 202.5m
Gray Oyster 194.5 216.0 214.2 192.0 152.3 193.8"
Substrate Mean 191.42° 217.12° 213.97% 198.27%¢ 170.08¢
RS rice straw, SD sawdust, SBS soybean straw, PS peanut straw, MS mungbean straw, IpL ipil-ipil leaves
CV-7.78
Table 4. Biological efficiency (%) of Pleurotus spp.
Species Substrate Combination Species
RS + SD (Control) RS+SBS RS+ PS RS+ MS RS+IpL Mean
White Oyster 95.8 109.4 105.2 102.9 94.5 101.6"
Gray Oyster 97.5 109.1 112.0 94.1 75.8 97.7
Substrate Mean 96.67° 109.23° 108.58° 98.52° 85.15°

RS rice straw, SD sawdust, SBS soybean straw, PS peanut straw, MS mungbean straw, IpL ipil-ipil leaves

CV-7.79
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conducted in the feed laboratory. Rice straw-based
substrates with nitrogen-rich plants showed higher
nitrogen content than the rice straw + sawdust control
(Figure 2). The RS+IpL and RS+PS substrates had the
highest nitrogen content (1.23% and 1.22%,
respectively), followed by RS+SBS (0.97%), RS+MS
(0.92%), and RS+SD (0.6%) (SD = 0.26). These
findings support Salami et al. (2017), who stated that
nitrogen content varies with the raw materials used.

Crude protein levels. Crude protein content of the
mushroom fruiting bodies was determined using the
Kjeldahl method (Figure 3). Among the white oyster
mushrooms, those grown on RS+PS recorded the
highest protein level at 23.06%. For gray oysters,
RS+IpL and RS+MS yielded the highest crude protein
levels at 25.54% and 25.06%, respectively.

In contrast, the lowest crude protein content
(15.3% and 16.96%) was recorded from mushrooms
grown on substrates without nitrogen-rich plant
inclusion. Overall, gray oyster mushrooms had a

slightly higher mean protein content (M = 22.09%,
SD = 3.1) than white oysters (M = 20.93%, SD =
2.89).

Protein  content varied across  substrate
combinations, with values ranging from 15.3% to
25.54%. While RS+IpL substrates negatively affected
yield, they resulted in higher protein levels in gray
oyster mushrooms—supporting Andrew’s (2023)
findings. This suggests that while ipil-ipil may reduce
productivity, it can enhance nutritional content.
Overall, nitrogen-rich substrates improved the protein
content of both oyster mushroom species, consistent
with findings from previous studies.

Proximate analysis of crude fiber and crude fat.
Results show that gray oyster mushrooms contain a
higher crude fiber content (M = 7.74%) compared to
white oyster mushrooms (M = 7.4%, SD = 0.22). As
shown in Figure 4, the crude fiber content in both
oyster species was highest in the RS+SD substrate—
8.93% in white oyster and 9.59% in gray oyster

1.22 1.24
. 0.97
F i 0.92
E 1 0.6
+
S o
- 04
& 0.2
2 0
5
= RS +SD RS+SBS RS+ PS RS+ MS RS+IpL
(Control)
Substrate Combinations
Figure 2. Nitrogen content of different substrate combinations.
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Figure 3. Crude protein of oyster mushroom spp. in different substrates.

Substrate Combination

H Crude Fiber ® Crude Fat

Ash

10 . 9.59
893 White Oyster Grey Oyster
)
77 7.64
: 7.41
8 6.87 = . 702 6.77
7 i 58 = 5.89
6 YT 5.11 488 5.01 4.95 546 ;
5 o1 A 4.17
; 7 4.05 :
r = 385 3.97 - 3.99 »
3
) 1.65.
: v
0
RS +SD RS+SBS RS+ PS RS+ MS RS+lpL ~ RS+SD RS+SBS RS+ PS RS+ MS RS+IpL

Figure 4. The crude fiber, crude fat and ash content of oyster mushroom spp.

6 RICE-BASED BIOSYSTEMS JOURNAL (2024) 12: 1-10




mushrooms. Conversely, mushrooms grown in the
RS+IpL substrate exhibited the lowest crude fiber
content at 6.63% and 6.77%, respectively.

The study also analyzed crude fat content. For
white oyster mushrooms, the highest fat content was
observed in the RS+SD substrate (4.21%), while the
lowest was in the RS+SBS substrate (3.53%). For
gray oyster mushrooms, the highest fat content
(4.21%) was found in RS+SBS, while the lowest was
in RS+SpL (1.65%).

Fresh oyster mushrooms typically contain low
fat—between 1% and 8% of their dry weight (Bankole
& Salami, 2017). In this study, the crude fat content
ranged from 1.65% to 4.21%. On average, white
oyster mushrooms had a higher fat content (M =
3.85%) compared to gray oyster mushrooms (M =
3.41%, SD = 0.31). These results also indicate that fat
content varied depending on the substrate used. The
low-fat content observed supports the findings of
Onyeka et al. (2018). Mushrooms are known to be a
rich source of dietary fiber (Zhao et al.,, 2022),
surpassing conventional sources such as cereals,
legumes, fruits, and vegetables (Cheung, 2013). In
this study, the crude fiber content ranged from 6.63%
to 9.59%, slightly lower than the values reported by
Elkanah et al. (2022), which ranged from 9.89% to
11.18%. These findings align with those of Salami et
al. (2017), who noted that the nutritional composition
of mushrooms can vary depending on the substrate
used.

Return on investment (ROI). As shown in Figure 5,
white oyster mushrooms grown in the RS+SBS
substrate yielded the highest ROI at M = 117.1%,

Oyster Mushroom Yield in Nitrogen-rich Substrates including Rice Straw

followed by RS+PS (112.5%), RS+MS (103.5%),
RS+IpL (83.2%), and RS+SD (control) at 51.5% (SD
= 15.1%). Similarly, for gray oyster mushrooms, the
highest ROI was also observed in RS+SBS (M =
114.8%), followed by RS+PS (113%), RS+MS (90%),
RS+SD (58.7%), and RS+IpL (51.5%) (SD = 25.6%).

Computation of economic values. The economic
analysis was based on the production of 1,000 fruiting
bags per cycle. As shown in Table Sa, the highest net
income for both mushroom species was obtained from
RS+SBS, amounting to PhP29,140.00, followed by
RS+PS at PhP28,352.00. The lowest net return was
recorded from RS+IpL at PhP17,380.00.

In terms of species-specific performance (Table
5b), white oyster mushrooms generated slightly
higher net returns (PhP25,375.00) compared to gray
oyster mushrooms (PhP23,200.00). The cost and
return analysis indicates that incorporating nitrogen-
rich (N-rich) plants into the substrate enhances ROI
and net income. While the economic returns of white
oyster mushrooms were marginally higher, the
variations in yield are likely due to differences in
substrate combinations. Notably, eliminating sawdust
from the substrate reduced total expenses for N-rich
substrate formulations.

The average ROI for white oyster mushrooms was
100.5%, and for gray oyster mushrooms, it was
91.9%. These figures are lower than the ROI reported
by Guerrero et al. (2015) at 144% and Retnaningsih
(2018) at 110%. The differences may be attributed to
variation in mushroom prices, types of substrates
used, and resulting yields.

120.0 1170148 112.5113.0
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=
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Figure 5. Return on investment.
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Table 5a. Return on investment of different substrate combinations.

Items/ Particulars

Substrate Combination

RS+SD RS+SBY RS+PS RS+MS RS+IpL

(PhP) (PhP) (PhP) (PhP) (PhP)
Gross Income:
Mushroom Fruit 47,855.00 54,280.00 53,492.50 49,567.50 42,520.00
Total Gross Income 47,855.00 54,280.00 53,492.50 49,567.50 42,520.00
Total Variable Costs 18,590.00 18,040.00 18,040.00 18,040.00 18,040.00
Total Fixed Costs 7,100.00 7,100.00 7,100.00 7,100.00 7,100.00
Total Cost 25,690.00 25,140.00 25,140.00 25,140.00 25,140.00
Net Income 22,165.00 29,140.00 28,352.50 24,427.50 17,380.00
ROI 86.3% 115.9% 112.8% 97.2% 69.1%

See Table 1 for abbreviations

Table 5b. Return on investment of different species of oyster
mushroom.

Items/ Particulars Substrate Combination

White Oyster  Grey Oyster
(PhP) (PhP)
Gross Income:
Mushroom Fruit 50,625.00 48,450.00
Total Gross Income 50,625.00 48,450.00
Total Variable Costs 18,150.00 18,150.00
Total Fixed Costs 7,100.00 7,100.00
Total Cost 25,250.00 25,250.00
Net Income 25,375.00 23,200.00
ROI 100.5% 91.9%
Conclusion

The study concludes that incorporating nitrogen-
rich plant residues into rice straw-based substrates
enhances the nitrogen content of the growing medium
for oyster mushrooms. This incorporation promotes
faster mycelial run and higher yields in Pleurotus spp.
production. Soybean, peanut, and mungbean straw
substrates yielded better results compared to
traditional farmer-used substrates.

Additionally, the inclusion of leguminous plants
shortened the cultivation period to around 28 days,
enabling more production cycles within a given
timeframe. The widespread availability of leguminous
Crops across various regions presents an opportunity
for farmers to adopt N-rich substrate formulations in
mushroom farming.

Recommendations

This study is relevant in areas where nitrogenous
materials are readily available or considered
agricultural waste, offering a sustainable source of
nitrogen. It is also recommended for farmers who
practice intercropping or crop rotation with legumes.
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Using nitrogen-rich substrates from soybean,
peanut, and mungbean straw improves both the
nutritional profile of the substrate and the mushroom
fruiting bodies. Scaling up this substrate formulation
and disseminating it to mushroom growers could
significantly improve the nutritive value of oyster
mushrooms.

Furthermore, it is recommended that oyster
mushrooms be incorporated more regularly into diets
for their protein content and overall health benefits.
Continuous efforts to increase mushroom yield should
be prioritized in response to rising population and
demand. Future studies should explore other abundant
agro-waste materials beyond leguminous straw and
tree residues to further improve mushroom production
sustainability and profitability.
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Abstract

Rhizosphere microorganisms can either benefit or harm plant development. Research on plant growth-
promoting rhizobacteria (PGPR) has provided strong evidence of their beneficial roles in crop production. In this
study, weedy rice known for its competitive advantage over cultivated rice - was examined for the presence of
potential PGPR. Weedy rice is observed to germinate rapidly and exhibit superior root systems, taller shoots, and
longer, drooping leaves and panicles compared to cultivated rice. Forty-one bacterial isolates were obtained from
the rhizosphere of weedy rice, and 19 from cultivated rice. These isolates were screened for plant growth-
promoting traits including starch hydrolysis, indole-3-acetic acid (IAA) production, phosphate solubilization, and
I-aminocyclopropane-1-carboxylate (ACC) deaminase activity. Findings suggest that PGPR associated with
weedy rice enhance root and shoot development during the early seedling stage, conferring a competitive growth
advantage over cultivated rice. The presence of microorganisms with beneficial metabolic pathways in the weedy
rice rhizosphere implies a potential role in improving plant health, suppressing pathogens, and inducing systemic
defense. These advantages may contribute to nutrient uptake disadvantages in cultivated rice under paddy

conditions.

Keywords.: competitive ability, plant growth-promoting traits, rhizobacteria, weedy rice

Introduction

Microorganisms with beneficial effects on plants
are promising tools for biofertilizer and biocontrol
applications, supporting more sustainable agriculture
and environmental protection. The growth-promoting
characteristics of rhizosphere = microorganisms
contribute to improved nutrient absorption, enhanced
yield, and reduced dependency on chemical fertilizers
and pesticides.

Various physiological traits of plant growth-
promoting rhizobacteria (PGPR) contribute to crop
development. These traits include the production of:
(1) ammonia, (2) siderophores, (3) gibberellic acid,
(4) indole-3-acetic acid (IAA), (5) phosphorus
solubilization, (6) potassium solubilization, (7) zinc
solubilization, and (8) nitrogen fixation via semi-solid
nitrogen-free media (Nfm). Nitrogen fixation plays a
vital role in the nitrogen cycle and plant nutrition.
Crop management practices such as the use of crop
residues, fertilizers, and pest control affect the
contribution of biological nitrogen fixation (BNF) to
the overall nitrogen supply (Cassman et al., 1998).

Additionally, nitrogen-fixing bacteria (NFB) and
arbuscular mycorrhizal fungi (AMF) have been
shown to improve nutrient and water uptake, and to
enhance resistance to biotic and abiotic stresses
(Sanchez-Navarro et al., 2020).

Microorganisms respond to plant root exudates by
enhancing mineral solubilization and organic matter
mineralization through the release of phytohormones,
organic compounds, and enzymes, ultimately
promoting plant growth (Zahir et al., 2005; Nadeem et
al., 2014). Thus, identifying and characterizing plant
growth-promoting microorganisms from the rice
rhizosphere can help understand their role in the
competitive growth of weedy rice when associated
with cultivated rice.

This study aimed to isolate and characterize
rhizosphere microorganisms from weedy and
cultivated rice, assess their plant growth-promoting
properties, and identify possible mechanisms by
which they influence the growth and development of
rice plants.
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Materials and Methods

Isolation and Purification of Plant Growth-
promoting Rhizobacteria

Plant and Rhizosphere Sample Collection. Whole
plant samples of weedy and cultivated rice, including
the root systems and surrounding soil (root balling),
were collected from selected field sites (Table 1).
Bacterial isolation followed the method of Cruz and
Paterno (2014). The entire root system was carefully
removed from the soil and gently tapped to dislodge
loosely attached soil particles.

Table 1. Sampling sites and plant samples from each site for
identification of plant growth promoting rhizobacteria.

Site Collection Weedy Rice Cultivated
Rice

San Roque, San WR SR 1 - straw- NSIC Rc
Manuel, Pangasinan colored grain, 222
(April 5, 2019) purple tip, rep

pericarp, no awn
Calzada, Mabini, brown to reddish NSIC Rc
Pangasinan (April 5,  grain, brown 222
2019) pericarp, no awn
La Purisima, Aliaga,  straw-colored NSIC Rc
Nueva Ecija (April 9, grain, red pericarp, 222
2019) straw colored

medium to long

awn

*Cultivated rice varieties were identified by farmers.

Serial Dilution and Spread Plate Method. The
root-soil mixture was suspended in water and serially
diluted up to four ten-fold dilutions. From the 10~ and
10 dilutions, 0.1 mL was plated in duplicates on
Burk’s agar medium (Cruz and Paterno, 2014). Plates
were incubated at room temperature. Morphologically
distinct colonies were isolated and sub-cultured for
further characterization.

Growth Medium. Burk’s medium, a nitrogen-free
medium containing inorganic salts and carbohydrates
but lacking nitrogen, was used to isolate nitrogen-
fixing bacteria. The medium was sterilized at 121°C
for 20 minutes prior to use and prepared fresh as
needed.

Purification of Isolated Bacteria. Colonies were
initially ~ distinguished based on color and
morphology. A loopful of each unique colony was
streaked on Burk’s agar plates in duplicate to obtain
pure cultures. Each purified isolate was labeled with a
code for identification in subsequent experiments.

In-vitro Screening of Bacterial Isolates for
Plant Growth-promoting Properties

Bacterial isolates were screened for the following
plant growth-promoting (PGP) traits: (1) starch
hydrolysis, (2) IAA production, (3) phosphate
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solubilization, and (4) ACC deaminase activity. All
media used were sterilized at 121°C for 20 min prior
to use. Only isolates that were successfully
maintained as pure cultures were subjected to PGP
screening, due to contamination challenges with
certain samples in the soil microbiology laboratory.

Starch Hydrolysis. Purified isolates were streaked
on starch agar (composition: 3 g beef extract, 10 g
soluble starch, 15 g agar, and 1 L distilled water).
After 24h of incubation, iodine solution was added to
detect starch degradation. A clear halo surrounding
the colony indicated starch hydrolysis, while
undigested starch turned blue (Collins et al., 2004).

Indole-3-Acetic Acid (IAA) Production Assay.
Each bacterial isolate was inoculated in nitrogen-free
broth which consists of 31.95 g Burk’s medium and
1500 mL distilled H20 supplemented with 0.10 g L-1
Tryptophan (Cruz and Paterno, 2014; Shahab et al.,
2009). After seven days of incubation, 1.5 mL of
bacterial broth was centrifuged for 10 min at 13,000
rpm in 40C. Then, I mL of the supernatant was mixed
with 2 mL of Salkowski’s reagent in a test tube. This
was kept at room temperature in the dark for 30 min.
An aqueous solution (1 mL) containing either 0.25
mM indole-3-acetic acid (IAA), 0.25 mM tolbutamide
(TOL), or a combination of 0.25 mM IAA and 0.25
mM TOL was prepared. Each solution was then mixed
with 2 mL of Salkowski’s reagent. The ultraviolet
(UV) spectrum of the resulting mixtures was
subsequently measured directly using a Hitachi
U3310 Spectrophotometer (Tokyo, Japan) within a
wavelength range of 220 to 650 nm. A reddish to pink
coloration indicated positive IAA production.

Phosphate Solubilization Assay. Isolates were
grown in modified Pikovskaya’s medium containing
5.0 g Ca,(PO,0), 0.2 g NaCl, 0.2 g KCI, 0.1 g
MgSO,-7H,0, 0.00025 g MnSO,-7H,0, 0.00025 g
FeSO,"7H,)), 0.5 g (NH,)2S80,, 0.5 g yeast extract,
10.0 g glucose, 20.0 agar, and IL distilled H,O.
Bacterial isolates were spot-inoculated on the agar’s
surface and incubated for seven days. Clearing zone
around the bacterial growth or colony indicates
phosphate solubilization (Cruz and Paterno, 2014;
Shahab et al., 2009). Then, phosphate-solubilizing
capacity of isolates were semi-quantitatively
determined in terms of its phosphorus solubilization
index (PSI) using the formula by Islam and Hossain
(2012). Using a desk ruler, the total diameter of halo
zone was measured by getting the length of the halo
zone from one edge to the other. The same procedure
was followed also in measuring the length of colony
diameter.

PSI = Total diameter of the halo zone (mm)

Colony diameter (mm)



1-aminocyclopropane-1-carboxylate (ACC)
Deaminase Activity Assay. Each isolate was grown in
nitrogen-free Dworkin and Foster’s minimal salts agar
media. Two batches of media were prepared: one
supplemented with 0.3 g L' ACC and other one
supplemented with 0.3 g L' (NH,),SO,. Plates were
incubated in the dark for seven days and growth of
isolate on the media were taken as an indicator of
efficiency of selected isolates to utilize ACC or
(NH,)2S0, and to produce ACC deaminase (Cruz and
Paterno, 2014). The growth of the colony was
observed and scored positive (+) and in case no
growth was observed, a negative (-) symbol was used.

Identification of Selected Isolates

Selected isolates were identified using the
BiOLOG GEN III Microbial Identification System,
following the manufacturer’s protocol. The system
comprises 94 phenotypic tests, including 71 carbon
utilization and 23 chemical sensitivity assays. Isolates
were grown on Burk’s agar, suspended in inoculating
fluid to the recommended cell density, and inoculated
into GEN III MicroPlates. Plates were incubated for
24 hours and analyzed using the BIOLOG software at
the Natural Sciences Research Institute (NSRI),
University of the Philippines Diliman.

In-vitro Evaluation of the Effectiveness of a
Highly Potential PGP Isolate on Seedling
Growth of Weedy Rice and Cultivated Rice
under Laboratory Conditions

The plant growth-promoting (PGP) bacterial
isolate identified from weedy rice in the previous
study was used for the in-vitro evaluation. The isolate
found to have multiple plant growth-promoting
properties was used as the test material under
laboratory conditions. A loopful of the isolate was
diluted in 100 mL distilled water. Ten seeds of each
weedy rice (WR SR 1) and cultivated rice (NSIC Rc
222) were allowed to germinate in petri dishes lined
with filter paper in three replicates. The treatments
and test materials were as follows: all uninoculated
were labeled with (U); monoculture rice AIR(U),
monoculture weedy rice AIWR(U), mixed culture
rice A3R(U) and weedy rice A3WR(U); inoculated
materials followed the same format but instead letter
B was added last with the (U) removed. The diluted
PGP isolate was used to soak the test seeds. The petri
dishes were covered and remained in the laboratory.

Data gathered. Ten days after inoculation, the
shoot and root growth of each seed were measured
(cm). The data are presented as the mean of
measurements from 10 seeds.

Test materials. Uninoculated control and
inoculated weedy and cultivated rice samples were
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used for comparison on the qualitative evaluation of
the root hairs under electron scanner at 400x
magnification.

Results and Discussion

Isolation, Screening and Identification of Plant
Growth-promoting Rhizobacteria

There were 60 bacterial isolates taken from the six
rice materials; 19 isolates were from cultivated rice (6
from Aliaga, 6 from San Roque, and 7 from Calzada);
and 41 isolates from weedy rice biotypes (14 from
Aliaga, 18 from San Roque, and 9 from Calzada).
During the purification process, the isolates were
characterized based on their morphological features,
including colony color (light brown, yellow, cream,
white, brown, off-white, clear), margin or edge
(filiform, entire, undulate, lobate, curled), colony
form (circular, irregular, punctiform, filamentous,
rhizoid), transparency (opaque, translucent), and
colony nature (spread, continuous). These isolates
were purified and maintained in culture media for
subsequent in vitro screening of plant growth-
promoting (PGP) traits.

In-vitro Screening of Bacterial Isolates for
Plant Growth-Promoting Properties

Bacterial isolates were evaluated for the following
PGP traits: starch hydrolysis, indole-3-acetic acid
(IAA) production, phosphate solubilization, and 1-
aminocyclopropane-1-carboxylate (ACC) deaminase
activity.

Starch Hydrolysis Assay. There were 51 bacterial
isolates (30 WR and 21 cultivated rice) subjected to
the starch hydrolysis assay. Of these materials, 19
isolates from weedy rice and 6 from cultivated rice
showed positive results for starch hydrolysis (Table
2). Amylolytic activity was indicated by the presence
of a yellow or clear zone around bacterial colonies
grown on a blue medium. This zone signifies the
hydrolysis of starch into monosaccharides, which do
not bind with iodine, resulting in the absence of blue-
black coloration around the colony.

The diameter of the clear zone reflects the extent
of enzymatic activity; some isolates exhibited strong
amylase activity (+++), characterized by prominent
clearing zones, while others showed weak activity (+),
indicated by faint or barely visible zones (Figure 1).
This finding supports the principle that as iodine binds
to starch producing a deep purple color, its conversion
to sugars reduces the available starch, creating a clear
zone around colonies (Collins et al., 2004). Bacteria
that produce the extracellular enzyme amylase
hydrolyze starch into simpler sugars such as di- and
monosaccharides, which plants can absorb (Bird and
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Figure 1. Samples of bacterial isolates from rice and weedy rice showing the presence of starch hydrolysis activity as revealed
by the clearing zone surrounding the bacterial growth.

Table 2. Results of starch hydrolysis assay in 51 bacterial isolates.

No Sample Reaction No Sample Reaction
Al Aliaga Weedy Rice - A46 Calzada Weedy Rice -
A2 Aliaga Weedy Rice + A48 Calzada Weedy Rice +
A3 Aliaga Weedy Rice - A50 Calzada Weedy Rice -
A4 Aliaga Weedy Rice - A51 Calzada Weedy Rice +
A5 Aliaga Weedy Rice + A53 Calzada Weedy Rice +
A6 Aliaga Weedy Rice - A54 Calzada Weedy Rice -
A7 Aliaga Weedy Rice - A55 Calzada Weedy Rice ++
A8 Aliaga Weedy Rice + A58 San Roque Weedy Rice -
A9 Aliaga Weedy Rice +++ A60 Calzada Weedy Rice -
A10 Aliaga Weedy Rice + B2 Aliaga Rice -
A1 Aliaga Weedy Rice - B3 Aliaga Rice -
A12 Aliaga Weedy Rice - B4 San Roque Rice -
A13 Aliaga Weedy Rice - B5 San Roque Rice +
A14 Aliaga Weedy Rice ++ B6 San Roque Rice -
A15 Calzada Weedy Rice - B7 Calzada Rice -
A16 San Roque Weedy Rice + B8 Calzada Rice -
A17 San Roque Weedy Rice - B9 Calzada Rice +
A18 San Roque Weedy Rice + B10 Calzada Rice -
A19 San Roque Weedy Rice - B11 Aliaga Rice +
A20 San Roque Weedy Rice - B12 Aliaga Rice +
A21 San Roque Weedy Rice - B13 Aliaga Rice -
A22 San Roque Weedy Rice + B17 Aliaga Rice +
A23 San Roque Weedy Rice + B18 Calzada Rice -
A30 San Roque Weedy Rice - B21 Calzada Rice -
A31 San Roque Weedy Rice + B22 Calzada Rice -
A32 San Roque Weedy Rice - B23 San Roque Rice -
A33 San Roque Weedy Rice - B24 San Roque Rice +
A34 San Roque Weedy Rice + B25 San Roque Rice -
A35 San Roque Weedy Rice +++ B25 San Roque Rice -
A36 San Roque Weedy Rice - + weak amylase producers

A37 San Roque Weedy Rice ++ +++ strong amylase producers
A40 San Roque Weedy Rice +
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Hopkins, 1954). Variation in clearing zones among
isolates likely reflects differences in their ability to
break down complex molecules.

Indole-3-acetic acid (IAA) Production Assay. In
this study, 26 isolates were assessed for [AA
production: 18 from weedy rice (Sample A) and 8
from cultivated rice (Sample B) (Table 3). Among
these, only two isolates from weedy rice and four
from cultivated rice did not produce IAA.

Previous research has shown that many plant
growth-promoting rhizobacteria (PGPR) in the
rhizosphere synthesize IAA as a secondary metabolite
of L-tryptophan, enhancing root development and
nutrient absorption (Patten and Glick, 1996; Keswani
et al., 2020). IAA is a key phytohormone involved in
various plant growth processes such as seed
germination, root elongation, flowering, and fruit

Growth-promoting Rhizobacteria from Weedy and Cultivated Rice

clear zone on Pikovskaya’s medium, likely due to the
production of organic acids by the bacteria. This
suggests that rice soils harbor bacteria capable of
increasing P availability and supporting plant growth.

In addition to solubilizing P, many PSBs produce
IAA, further stimulating plant growth by enhancing
metabolic processes such as RNA and protein
synthesis and improving nutrient uptake (Shahab et
al., 2009).

Phosphorus is the second most critical
macronutrient after nitrogen, playing essential roles in
photosynthesis, signal transduction, and respiration
(Anand et al., 2016; Sharma et al., 2013). Since the
1950s, PSBs have been used as biofertilizers,
facilitating the conversion of phosphorus into forms
accessible to plants (Amri et al., 2023). Mechanisms
involved include secretion of organic acids,

Table 3. Indole-3-acetic acid (IAA) production of the different isolates collected from weedy rice and samples.

Samples Final Final Concentration Samples Final Final Concentration
Absorbance (ppm) Absorbance (ppm)
A2 0.1959 5.9958 A40 0.1499 4.0792
A4 0.0569 0.2042 A48 0.0839 1.3292
A8 0.2664 8.933 A53 0.0724 0.85
A16 0.0494 -0.1083 A54 0.0689 0.7047
A18 0.0564 0.1833 A58 0.2614 8.725
A19 0.0639 0.4958 B2 0.0724 0.85
A21 0.0569 0.2042 B5 0.0454 -0.275
A22 0.0774 1.5083 B11 0.0979 1.9125
A31 0.0499 -0.0875 B12 0.0429 -0.3792
A32 0.0609 0.3708 B17 0.0789 1.1208
A35 0.0564 0.1833 B21 0.0509 -0.0458
A36 0.0639 0.4958 B23 0.0449 -0.2958
A37 0.0734 0.8917 B24 0.1564 4.35

development. Furthermore, bacterial IAA contributes
to increased plant tolerance to abiotic stresses like
drought, salinity, and heavy metal toxicity, making it
a promising agent for sustainable agriculture (Etesami
and Glick, 2024). TAA promotes longer roots with
more root hairs and lateral roots, improving nutrient
uptake and leading to enhanced plant vigor (Datta and
Basu, 2000).

Phosphate  Solubilization Assay. Phosphate-
solubilizing bacteria (PSB) convert insoluble forms of
phosphorus (P) into plant-available forms. In this
study, 24 isolates were tested for phosphate
solubilization: 16 from weedy rice (Sample A) and 8
from cultivated rice (Sample B). Results showed that
10 isolates from weedy rice and five from cultivated
rice exhibited phosphate solubilization activity (Table
4). This activity was evidenced by the formation of a

Table 4. Phosphorus solubilization assay of the different
isolates collected from weedy rice and rice samples.

Isolate P Sorption Isolate P Sorption
Index (mm) Index (mm)

A2 1.16 A48 1.1
A4 - A53 -
A8 1.5 A54 1.14
A16 1.92 A58 -
A18 1.72 B2 1.19
A22 1.1 B5 1.15
A31 - B11 -
A32 - B12 1.61
A35 - B17 -
A36 1.33 B21 1.25
A37 1.12 B23 1.6
A40 1.13 B24 -
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production of enzymes, and release of siderophores,
along with the synthesis of plant hormones like
auxins, cytokinins, and gibberellic acid (Puri et al.,
2020; Rawat et al., 2020).

Furthermore, PSBs contribute to nitrogen fixation
and pathogen resistance, both of which support plant
growth. Their ability to release phosphorus from
insoluble or adsorbed forms is crucial for increasing P
bioavailability (Habte, 2000). The capacity of
microbial biomass to assimilate soluble P and prevent
its fixation is well documented (Khan and Joergensen,
2009). Additionally, PSBs mineralize organic P and
solubilize precipitated phosphates, thereby enhancing
phosphorus uptake by plants (Chen et al., 2002; Kang
et al., 2002; Pradhan and Sukla, 2006).

1-aminocyclopropane-1-carboxylate (ACC)
Deaminase Activity Assay. Twenty-five bacterial
isolates were tested for ACC deaminase activity.
Among these, five isolates from weedy rice (Sample
A) and three from cultivated rice (Sample B) tested
positive (Table 5).

Bacteria that produce ACC deaminase play a
significant role in mitigating plant stress responses by
degrading ACC, the immediate precursor of ethylene -
a stress-induced phytohormone. By lowering ethylene
levels, these bacteria help reduce stress-induced growth
inhibition (Glick et al., 1998). ACC deaminase
catalyzes the conversion of ACC to a-ketobutyrate and
ammonia, which can be used by the bacteria as carbon
and nitrogen sources (Penrose and Glick, 1997).
Studies have shown that these bacteria can enhance
plant growth, water use efficiency, membrane stability,
and accumulation of compatible solutes, proteins,
phenolics, and photosynthetic pigments under stress
conditions (Tiwari and Lata, 2018).

Table 5. Results of the 1-aminocyclopropane-1-carboxylate
(ACC) deaminase activity of the different isolates collected
from weedy rice and rice samples.

Isolate Reading Isolate Reading
A2 - A48 -
Ad - A53 -
A8 - A54 +
A16 - A58 +
A18 - B2 -
A21 + B5 +
A22 - B11 +
A31 - B12 -
A32 - B17 -
A35 + B21 -
A36 + B23 +
A37 - B24 -
A40 -

negative ACC deaminase activity, + positive ACC deaminase activity
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Summary of Plant Growth Promoting Properties
of the Different Isolates

Twenty-one bacterial isolates were evaluated for
their plant growth-promoting (PGP) properties,
including 14 strains from weedy rice and 7 from
cultivated rice (Table 6). The identified PGP traits
such as indole-3-acetic acid (IAA) production, ACC
deaminase activity, phosphate solubilization, and
starch hydrolysis suggest the presence of microbial
mechanisms that enhance plant access to soil
nutrients. These traits support the notion that weedy
rice more efficiently utilizes rhizosphere resources.
Microorganisms with these capabilities can activate
several metabolic pathways, including those
associated with nitrogen and phosphorus acquisition
and stress resilience, contributing to improved plant
growth and resistance to disease (Shi et al., 2018;
Vrancken et al., 2013).

Wu et al. (2009) reported that the rhizosphere
bacterial community is significantly more abundant in
weedy rice compared to cultivated rice surrounded by
weedy rice. This microbial abundance may provide a
nutritional advantage to weedy rice in paddy soils.
Additionally,  rhizosphere = communities  like
Xanthobacteraceae, found in cultivated rice, are
associated with disease susceptibility, while
Burkholderia may negatively influence the conversion
of organic to inorganic nitrogen, potentially hindering
rice growth (Li et al., 2021). Microbial symbiosis in
the rhizosphere plays a vital role in promoting plant
growth by influencing nutrient availability, yield, and
crop quality (Olanrewaju et al., 2017; Zhalnina et al.,
2018).

Weedy rice, being more phenotypically plastic and
invasive than cultivated rice, demonstrates greater
adaptability and nutrient uptake efficiency. These
traits are linked to the composition of its rhizosphere
bacterial community, which appears more stable and
resilient to environmental changes (Yang et al., 2021).
Comparative studies on co-occurrence networks
between weedy and cultivated rice rhizospheres
suggest that the former harbors more mutualistic
microbes with positive interactions (Wang et al.,
2006). For instance, Microbacteriaceae and
Micrococcaceae in the weedy rice rhizosphere
positively correlate with soil soluble organic nitrogen
conversion, whereas Oxalobacteraceae in cultivated
rice show a negative correlation (De la Cruz-Barron et
al., 2017; Obermeier et al., 2020). This may further
explain the competitive advantage of weedy rice (Wu
et al., 2009).
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Table 6. Summary of the plant growth promotion properties of the different isolates from weedy rice and cultivated rice, NSIC

Rc 222.
Isolate Source* Starch IAA** Production Phosphorus ACC*** deaminase
Hydrolysis Solubilization activity
A2 AL + 5.9958 1.16 -
A4 AL - 0.2042 - -
A8 AL + 8.9333 15 -
A16 CA + - 1.92 -
A18 CA + 0.1833 - +
A22 CA + 1.0583 1.1 -
A35 SR ++ + 0.1833 1.72 +
A36 SR - 0.4958 1.33 +
A37 SR ++ 0.8917 1.12 -
A40 SR + 4.0792 1.13 -
A48 SR + 1.3292 1.1 -
A53 CA + 0.85 - -
A54 CA - 0.7042 1.14 +
A58 SR - 8.725 - +
B2 AL - 0.85 1.19 -
B5 SR + -0.275 1.15 +
B11 AL + 1.9125 - +
B12 AL + -0.3792 1.61 -
B17 AL + 1.1208 - -
B23 SR - -0.2958 1.6 +
B24 SR + 4.35 - -

*Source: AL — Aliaga, SR — San Roque, CA — Calzada
**IAA - Indole-3-acetic acid
***ACC -1-aminocyclopropane-1-carboxylate

Rhizosphere microbial composition is strongly
influenced by host plant type and its environmental
context (Yin et al, 2021). Plants release
photosynthetically-fixed carbon via root exudates,
which serve as energy sources for soil microbes,
reinforcing plant-microbe associations (Li et al.,
2019). Another mechanism enhancing microbial
diversity in weedy rice is pathogen-mediated
recruitment, where plants secrete specific root
exudates to attract protective microbes, thus
suppressing pathogens and enhancing productivity
(Yuan et al., 2018; Dudenhoffer et al., 2016; Li et al.,
2021). These protective microbial networks may also
explain the relatively low incidence of plant diseases
in natural ecosystems (Hacquard et al., 2017).

Identification of Bacterial Isolates through DNA
Sequencing and Basic Local Alignment Search
Tool Analysis (BLAST)

DNA sequencing was performed on the bacterial
isolates, with the first 20 and last 200 bases manually
trimmed using Chromas. Forward and reverse
sequences were aligned using BioEdit. Consensus
sequences were then analyzed using the Basic Local

Alignment Search Tool (BLAST) through the
National Center for Biotechnology Information
(NCBI) platform.

As shown in Table 7, most of the identified isolates
belong to the Bacillus genus, which is well-known for
its beneficial role in plant growth, soil health, and pest
management. These bacteria reduce dependence on
synthetic inputs, promoting sustainable agricultural
practices (El Hadrami, 2023). Bacillus spp. are Gram-
positive, low G+C content bacteria (Phylum
Firmicutes; Class Bacilli; Order Bacillales; Family
Bacillaceae) and are closely related to Listeria,
Streptococcus, and Staphylococcus (Ciccarelli et al.,
20006). These species are common in the rhizosphere
and exhibit high tolerance to environmental stress
(Sass and Parkes, 2009).

Members of the Phylum Firmicutes have been
extensively studied for their roles in sustainable
agriculture. They enhance plant nutrient acquisition
(e.g., nitrogen, phosphorus, iron), modulate plant
hormone levels, and contribute to pathogen
suppression (Aguilar-Paredes et al., 2023; Hashmi et
al., 2020). For example, Bacillus megaterium is
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Table 7. Top 5 BLAST hits for the consensus sequences that were aligned with the nucleotide collection (nr/nt) database.

Sample Description % ldentity
Number
Bacillus aryabhattai strain RPW7 16S ribosomal RNA gene, partial sequence 99.86
Bacillus aryabhattai strain N7 16S ribosomal RNA gene, partial sequence 99.86
A2 Bacillus megaterium strain FK4 16S ribosomal RNA gene, partial sequence 99.86
Bacillus megaterium strain DK2 16S ribosomal RNA gene, partial sequence 99.86
Bacillus megaterium strain DW13 16S ribosomal RNA gene, partial sequence 99.86
Uncultured Bacillus sp. clone T328d75 16S ribosomal RNA gene, partial sequence 99.86
Bacillus megaterium strain JD-7 16S ribosomal RNA gene, partial sequence 99.86
A18 Bacillus aryabhattai strain MER_75 16S ribosomal RNA gene, partial sequence 99.86
Bacillus aryabhattai strain JPR41 16S ribosomal RNA gene, partial sequence 99.86
Bacillus aryabhattai strain 1-Sj-5-1-6-M 16S ribosomal RNA gene, partial sequence 99.86
Bacillus subtilis strain MDA2 16S ribosomal RNA gene, partial sequence 99.64
Bacillus subtilis strain MDA1 16S ribosomal RNA gene, partial sequence 99.64
A22 Bacillus siamensis strain 64X-5 16S ribosomal RNA gene, partial sequence 99.64
Bacillus siamensis strain 56X-1 16S ribosomal RNA gene, partial sequence 99.64
Bacillus siamensis strain TW2-22 16S ribosomal RNA gene, partial sequence 99.64
Uncultured Phenylobacterium sp. clone b2-194 16S ribosomal RNA gene, partial sequence 99.10
Phenylobacterium composti strain 5-39-3-1 16S ribosomal RNA gene, partial sequence 98.80
A35 Phenylobacterium composti gene for 16S rRNA, partial sequence, strain: NBRC 106419 98.13
Phenylobacterium composti DSM 19425 strain 4T-6 16S ribosomal RNA, partial sequence 98.06
Phenylobacterium sp. 4T06 16S ribosomal RNA gene, partial sequence 98.06
Bacillus megaterium strain A plasmid p2, complete sequence 99.86
Bacillus megaterium strain A chromosome, complete genome 99.86
B5 Bacillus aryabhattai strain LW-04 16S ribosomal RNA gene, partial sequence 99.86
Bacillus sp. (in: Bacteria) strain SNH_K84 16S ribosomal RNA gene, partial sequence 99.86
Bacillus sp. (in: Bacteria) strain NMS1 16S ribosomal RNA gene, partial sequence 99.86
Bacillus megaterium strain A plasmid p2, complete sequence 99.78
Bacillus megaterium strain A chromosome, complete genome 99.78
B12 Bacillus megaterium strain NRCB001 16S ribosomal RNA gene, partial sequence 99.78
Bacillus aryabhattai strain LW-04 16S ribosomal RNA gene, partial sequence 99.78
Bacillus sp. (in: Bacteria) strain SNH_K84 16S ribosomal RNA gene, partial sequence 99.78
Bacillus subtilis strain CL2 16S ribosomal RNA gene, partial sequence 98.99
Bacillus subtilis strain CL2 16S ribosomal RNA gene, partial sequence 98.99
B17 Bacillus sp. (in: Bacteria) strain BSWF 16S ribosomal RNA gene, partial sequence 98.99
Bacillus subtilis strain P9_B1 chromosome, complete genome 98.99
Bacillus subtilis strain P8_B3 chromosome, complete genome 98.99
Bacillus tequilensis strain Z36S 16S ribosomal RNA gene, partial sequence 88.22
Bacillus tequilensis strain 111-4 16S ribosomal RNA gene, partial sequence 88.16
B24 g:cillus amyloliquefaciens subsp. plantarum strain Kk5-11 16S ribosomal RNA gene, partial 88.09
quence
Bacillus sp. KHR-38 16S ribosomal RNA gene, partial sequence 88.13
Bacillus sp. LX-110 16S ribosomal RNA gene, partial sequence 88.15
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known for nitrogen fixation and phosphate
solubilization, facilitating phosphorus availability for
plants. Some Bacillus strains also improve soil health
and serve as bioremediation agents. B. megaterium
has been used in combination with earthworms to
remediate cadmium-contaminated soil (Wrobel et al.,
2023), while B. subtilis SJ-101 has shown potential in
the phytoaccumulation of heavy metals (Zaidi et al.,
2006).

These bacteria can reduce environmental metal
loads via biosorption, EPS-mediated mechanisms,
bioaccumulation, or bioprecipitation, targeting heavy
metals such as lead, cadmium, mercury, chromium,
arsenic, and nickel (Pham et al., 2022; Shao et al.,
2019). Bacillus aryabhattai has also been reported to
enhance crop yields in saline-sodic soils (Tamilselvi
et al., 2022), and B. subtilis contributes to calcite
dissolution (Tamilselvi et al., 2018). Additionally, B.
tequilensis functions as a biocontrol agent against
various fungal pathogens in commercial crops (Kwon
et al., 2022).

Other identified isolates include
Phenylobacterium spp., which are common soil
bacteria with plant growth-promoting and defensive
properties, including antibiotic synthesis (Gamez-
Arcas et al.,, 2022). Their volatile compounds
influence plant growth, microbial community
structure, and hormonal regulation (Garbeva and
Weisskopf, 2020). These microbes possess genetic
pathways that enable them to produce antimicrobial
compounds, allowing them to survive and function in
complex soil ecosystems.

In-vitro evaluation of the effectiveness of a
highly potential PGP isolate on seedling growth
of weedy rice and cultivated rice under
laboratory conditions

Isolates identified through DNA sequencing and
BLAST analysis (Table 7) were evaluated, with
particular focus on isolate A35, identified as
Phenylobacterium sp., which exhibited the most
promising PGP activity among isolates derived from
weedy rice (Table 6). This isolate was selected for
further in-vitro testing.

Ten days after inoculation with Phenylobacterium
sp., scanning of shoot and root systems revealed a
significant promotion of both shoot and root length in
weedy rice compared with cultivated rice (Figure 2).
Further measurements indicated variability in shoot
and root lengths across all treatments and test
materials. Among the uninoculated treatments, weedy
rice A3WR(U) in mixed culture and A2WR(U) in
monoculture had the longest shoot lengths at 8.33 cm
and 8.25 cm, respectively (Figure 3). Inoculated
weedy rice in monoculture (A2WRB) had the longest
shoot length among treated materials at 6.98 cm,
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followed by weedy rice in mixed culture (A3WRB) at
5.77 cm, which is comparable to the uninoculated rice
in mixed culture (A3R(U), 5.67 cm). In contrast,
inoculated monoculture rice (AIRB) and rice in
mixed culture (A3RB) exhibited the shortest shoot
lengths.

AIDEN
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Figure 2. Root and shoot growth of cultivated rice NSIC Rc
222 and weedy rice WR SR 1 inoculated with
Phenylobacterium sp.

sz

Further measurements indicated variability in
shoot and root lengths across all treatments and test
materials. Among the uninoculated treatments, weedy
rice A3WR(U) in mixed culture and A2WR(U) in
monoculture had the longest shoot lengths at 8.33 cm
and 8.25 cm, respectively (Figure 3). Inoculated
weedy rice in monoculture (A2WRB) had the longest
shoot length among treated materials at 6.98 cm,
followed by weedy rice in mixed culture (A3WRB) at
5.77 cm, which is comparable to uninoculated rice in
mixed culture (A3R(U), 5.67 cm). In contrast,
inoculated monoculture rice (AIRB) and rice in
mixed culture (A3RB) exhibited the shortest shoot
lengths.

Root length data followed a similar trend. The
longest roots were observed in uninoculated weedy
rice grown in monoculture (A2WR(U), 6.21 cm) and
mixed culture (A3WR(U), 6.62 cm). Among
inoculated treatments, the weedy rice monoculture
(AWRB) showed the longest roots. Generally, the
weedy rice seedlings displayed faster and more
vigorous growth than cultivated rice seedlings. This
suggests that the superior growth performance of
weedy rice may be partially explained by differences
in  microbial composition, especially in the
rhizosphere, with root microbial genetics contributing
to its rapid early growth (Juliyanti et al., 2024).
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Figure 3. Total root and shoot lengths of the test plants inoculated with Phenylobacterium sp (A35
isolate). Treatments: A1R (U) rice monoculture uninoculated, A1RB rice monoculture inoculated,
A2WR (U) weedy rice monoculture uninoculated, A2WRB weedy rice inoculated, A3R (U) rice in mixed
culture uninoculated, A3RB rice in mixed culture inoculated, ABWR (U) weedy rice in mixed culture
uninoculated, ASWRB weedy rice in mixed culture inoculated.

In addition to shoot and root lengths, root hair
development was assessed using electron scanning at
400x magnification for both inoculated and
uninoculated cultivated and weedy rice (Figure 4).
Root hair density in weedy rice was visibly enhanced
compared to that in cultivated rice, regardless of
inoculation with isolate A35 (Phenylobacterium sp.),
which was originally isolated from weedy rice (WR
SR 1). This enhanced root system in weedy rice is
attributed to increased lateral root length in both
mono- and mixed-culture setups, facilitating
improved water and nutrient uptake from the soil
(Suralta et al., 2022). As lateral roots constitute the
most active portion of the root system for water
uptake and represent the majority of its total surface
area (Yamauchi et al.,, 1996), greater lateral root
development naturally supports denser root hair
growth.

The increased root hair density observed in weedy
rice may indicate a superior capacity for absorbing
growth-promoting substances from the soil. Root
hairs, which are simple extensions formed at the root
apical meristem, enhance the root surface area and
establish direct contact with the soil—playing a vital
role in water and nutrient absorption from the
rhizosphere (Chouhan et al., 2023). In some plant
species, root hairs constitute up to 77% of the root
surface area, dominating the rhizosphere and
facilitating nutrient uptake (Bertin et al., 2003). Their
slender structure aids in penetrating soil edges
(Mandel and Yanofsky, 1995) and in mediating
interactions with soil microbes. Root hairs are also
involved in root nodule formation in legumes (Dazzo
et al., 1984), extend the functional radius of the root,
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and significantly enhance nutrient uptake, particularly
of phosphorus (Cai and Ahmed, 2022). During water-
limited conditions, root hairs contribute to the plant’s
ability to extract water from drier soils.

The efficient nutrient uptake and competitive traits
of weedy rice have been well-documented. Studies by
Burgos et al. (2006) and Sales et al. (2011) have
shown that weedy rice can access and utilize
rhizosphere nutrients more efficiently than cultivated
rice. This advantage has been partly attributed to its
finer roots, which are approximately six times longer
and possess six times more root tips than those of
cultivated rice. With a larger root surface area and
greater absorptive capacity, weedy rice can
outcompete cultivated rice for essential growth
resources. The presence of microorganisms such as
PGP rhizobacteria may further support these traits.
The current study’s findings are consistent with these
earlier conclusions.

Conclusion

A greater number of plant growth-promoting
rhizobacteria (PGPR) were isolated from weedy rice
compared to cultivated rice. This finding supports the
hypothesis that PGPR associated with weedy rice
enhance its competitive abilities in cultivated rice
ecosystems. Studies on rhizosphere microbiomes of
cultivated, wild, and weedy rice have revealed diverse
microbial communities, suggesting that host plants
selectively recruit specific microbial populations. The
presence of microorganisms with beneficial metabolic
pathways in the rhizosphere of weedy rice could
explain the nutrient uptake disadvantage experienced
by cultivated rice.
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Figure 4. Results of root scanning (400x) of cultivated rice and weedy rice showing roots hairs of uninoculated (a) and

inoculated samples (b).

PGPR strains not only support plant growth but
may also protect weedy rice from pathogens and
environmental stressors such as heavy metals or light
toxicity in paddy fields. Investigating rhizosphere
microbial communities offers valuable insights into
the competitive mechanisms employed by weedy rice
and other weedy species.

In this study, the application of a PGP bacterium
(Phenylobacterium sp.) isolated from weedy rice
promoted early seedling vigor and enhanced shoot
and root growth in weedy rice. Early-stage root
analysis confirmed that weedy rice exhibited
generally longer root systems with more robust root
hairs than cultivated rice, increasing its potential for
nutrient and water absorption - resources meant for
the cultivated crop.

Weedy rice significantly impacts rice production
by reducing yield due to its strong competitive traits.
Its similarity in agro-morphological traits to cultivated
rice makes it particularly difficult to manage. The

results suggest that early seedling vigor and
competition should be key targets in agronomic
strategies for weedy rice control. Managing weedy
rice before flowering can help prevent seed
production and reduce its long-term presence in the
field.

Cultural management techniques such as the use
of a stale seedbed to deplete the soil seed bank and
ensuring the use of clean seeds are critical. Given the
natural herbicide tolerance of weedy rice, ongoing
efforts to identify and develop selective herbicides
should continue. Additionally, breeding for cultivated
rice varieties with enhanced seedling vigor and robust
root systems is recommended.

Lastly, increasing farmer awareness regarding the
impact of weedy rice on rice production is essential.
Education campaigns and farmer training should
emphasize the importance of early intervention and
integrated weed management strategies to reduce the
competitive threat of weedy rice.
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Abstract

Brown rice contains health-promoting properties such as dietary fiber, micronutrients, and antioxidants that
may help prevent diabetes, cancer, and cardiovascular diseases. It also promotes weight loss by supporting healthy
bowel movement and increasing metabolic function. While brown rice is accessible to high-income consumers, it
remains relatively expensive and is typically only available in supermarkets, making it less accessible to low-
income households. To address this, PhilRice developed a gender-friendly, affordable, and easy-to-operate brown
rice machine. The device is designed to meet the daily rice requirements (1 kg of uncooked brown rice) of a typical
five-member household. The prototype utilizes a pair of rubber roll hullers mounted on a frame with a seat and
pedals and can be operated manually or powered by a % hp electric motor, providing users with an option to
exercise while milling rice.

The improved prototype demonstrated an average dehulling capacity of 1.98 kg/h with 75.40% recovery using
manual power. When powered by a ' hp electric motor, it yielded a capacity of 1.93 kg/h with a 79.64% recovery
rate. At a competitive brown rice price of PhP50/kg, the manually-operated machine used for 150 hours annually
generated a net income of PhP13,928, with a payback period of 1.45 years. Meanwhile, the electrically-powered

version operating for 260 h per year yielded a net income of Php 8,055 and a payback period of 3.25 years.

Keywords: brown rice, brown rice machine, gender-friendly machine, motor-drive, pedal-type

Introduction

Brown rice, or unpolished rice, is produced
through dehulling or dehusking, which removes only
the outer husk while preserving the nutrient-rich bran
and germ layers. It is not a specific rice variety; rather,
all rice varieties can be classified as brown rice once
the hull is removed. Traditionally produced using
wooden mortar and pestle, brown rice is now also
processed by commercial milling machines. Its
nutritional profile helps address malnutrition as it
contains dietary fiber, magnesium, iron, lysine, and
protein. Brown rice yields about 10% higher milling
recovery compared to polished rice, which could
translate to an additional 1.76 million metric tons
(MMT) of edible rice in the Philippines based on 2016
production data (PSA, 2017).

Economically, brown rice production requires less
equipment and fuel and reduces labor inputs, as the
polishing stage is eliminated (Cuyno, 2003). This
further makes it an efficient and sustainable option for
rice consumption.

Health Benefits of Brown Rice

Brown rice has gained popularity among health-
conscious consumers, particularly high-income
earners, due to its numerous health benefits. Rich in

dietary fiber, it aids in weight loss, promotes healthy
digestion, and supports metabolic function. It also
contains B vitamins, phytic acid, and essential
minerals (Ohtsubo et al., 2005). Dietary fiber acts as a
laxative that helps prevent gastrointestinal diseases
and diabetes, while B vitamins prevent beriberi.
Brown rice is also an excellent source of selenium, a
trace mineral known to reduce the risk of colon cancer
through DNA repair and inhibition of cancer cell
proliferation.

Moreover, brown rice is abundant in bioactive
compounds such as y-oryzanol, tocopherols, and
tocotrienols, which synergistically reduce cancer and
cardiovascular disease risks, lower cholesterol, and
exhibit anti-inflammatory properties (Lin et al., 2015;
Akihisa et al., 2000). It also contains gamma-
aminobutyric acid (GABA), phytic acid, vitamin E,
and phenolic compounds like ferulic and p-coumaric
acids. GABA, synthesized from L-glutamic acid,
plays a critical role in neurological function and is
associated with diseases such as Parkinson’s and
schizophrenia (Roohinejad et al., 2009). Phenolic
compounds in brown rice, particularly those of high
molecular weight, effectively scavenge free radicals,
depending on structural characteristics like aromatic
rings and hydroxyl group substitutions.
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In recognition of its health benefits, the U.S. Food
and Drug Administration (FDA) has categorized
brown rice as a whole grain eligible for health claims
related to the prevention of heart disease and cancer.

Brown Rice Commercialization
in the Philippines

The Department of Agriculture-PhilRice, in
partnership with the National Food Authority (NFA),
initiated the ‘“brown4good” project to promote
responsible consumption through brown rice. The
project also aimed to increase brown rice availability
via NFA retail stores, which now sell brown rice at
PhP37/kg.

Market scanning revealed that brown rice is
primarily available in upscale supermarkets, targeting
upper-class and health-conscious consumers. For
example, Dofla Maria’s Jasponica Brown is sold at
Walter Mart for PhP309 (2 kg), PhP 450 (5 kg), and
PhP 1,205 (10 kg). Robinsons Supermarket offers
Sunny Wood’s Harvester’s Healthy Brown Rice (PhP
137 for 2 kg) and Healthy You’s Brown Rice (PhP
170.50 for 2 kg) while SM Supermarket offers Vita
Rice at PhP302 per 5 kg.

Brown Rice Machine Development

Traditionally, brown rice is processed using a
mortar and pestle (IRRI Rice Knowledge Bank).
PhilRice has developed a commercial prototype
brown rice milling machine with a capacity of 300 kg/
hour, which is integrated with a double-pass, 1-ton/
hour capacity rice mill. However, this capacity and
cost are unsuitable for household use. Additionally,
the need for proper storage facilities becomes a
concern since brown rice turns rancid quickly under
standard conditions. Producing just enough for 5-7
days’ consumption (around 15 kg for a 5-member
household) is a more practical approach. Though
brown rice has a reported shelf life of 3-6 months,
spoilage often begins within 1-2 weeks under typical
storage conditions.

Generally, the study aimed to develop a portable,
gender-friendly brown rice machine suitable for
household use. Specifically, it aimed to (1) design and
fabricate prototype of a portable brown rice machine;
(2) determine the specific operational requirements
for safe and efficient use of the technology; (3)
identified necessary modifications to improve the
prototype based on performance test, durability, and
user preference; and (4) conducted a cost analysis of
using and adopting the technology.
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Materials and Methods
Development of concept design and prototype

Concept design

The design was based on weekly brown rice
consumption for a five-member household.
Assumptions included:

*  One cup of cooked rice per person per meal

* 3 meals/day x 5 members = 15 cups/day

* 15 cups cooked = ~6.6 cups uncooked brown

rice

* ~7 kg of brown rice/week

The machine was designed to process a minimum
of 7 kg of paddy per batch and be safe for use by all
household members, including younger individuals.
The rubber roll mechanism uses two rollers rotating at
different speeds, with one running 25% faster to
produce a shearing action for husk removal. One
roller is fixed; the other is adjustable for clearance
control. The design also incorporates a pedaling
mechanism to promote physical activity during use.

Fabrication of prototype

Fabrication was conducted at the REMD
workshop using standard tools and locally available
materials. Components such as belts, bearings, and
rubber rollers were sourced from nearby suppliers,
emphasizing simplicity, ease of procurement, and
repairability.

Testing and evaluation

Performance tests used short- and long-grain rice
samples. Measurements included input/output weight,
milling time, weight of brown rice, unhulled grains,
hulls, foreign matter, head rice, broken grains, and
brewers. These data were used to compute capacity,
purity, hulling efficiency, and other performance
indicators.

Fine tuning

User feedback was collected during field
demonstrations at farmer field days and similar
events. Suggested modifications were incorporated
into the final design to improve performance,
durability, and user acceptance.

Cost analysis

Cost analysis was based on field test data. Fixed
and variable costs were computed assuming a 10%
salvage value, five-year equipment lifespan, and



operational assumptions including a brown rice price
of PhP50/kg, paddy price of PhP19/kg, and machine
use of 30 minutes per day. Interest, maintenance, and
insurance costs were estimated at 26%, 10%, and 3%,
respectively.

Results and Discussion
Concept design development

The concept design was developed through
benchmarking of similar existing equipment,
followed by design enhancements using CAD
software. The criteria guiding the design were:

1. Simplicity and portability - Easily fabricated
with basic tools and transportable by three
persons

2. Affordability - Comparable in cost to a
stationary exercise bike

3. Gender-friendliness - Usable by both men and
women

4. Local manufacturability - Built using
materials and tools commonly found in local
workshops

5. Household application - Usable by any family
member while engaging in light exercise

Gender-inclusive Brown Rice Machine Design

6. Sufficient capacity - Produces at least 1 kg of
brown rice per hour, enough for one day’s
family consumption

Description and Features
of the Brown Rice Machine

The prototype brown rice machine is manually or
electrically powered and features a simple, user-
friendly design suitable for household use (Figure 1). It
consists of a rubber roll huller assembly mounted on a
metal frame with a seat and pedals. Users may either
pedal manually or switch to electric motor power. The
machine can produce the daily brown rice requirement
for a five-member household (approximately 1 kg of
uncooked rice per hour), making it both a food-
processing and fitness device. The machine is
lightweight, affordable, made from locally sourced
components, and easy to operate and maintain.

An electric motor was also provided to drive the
machine, especially to accommodate users who prefer
not to operate it manually, such as senior individuals
(Figure 2). A clutch mechanism was installed between
the momentum weights and the 12-inch pulley,
enabling the connection and disconnection of two
rotating shafts (Figure 3). This clutch mechanism

1 Handle Bar 5 Operator Support Frame

2 Saddle 6 Pedal and Crank Assembly

3 Input Roller Clearance 7 Chain and Sprocket Drive
Adjustment Knob

4 Rubber Roller Clearance 8 Drive Assembly

Adjustment Knob

9 Electric Motor 13 Rice Husk Discharge
Bucket
10 Input Lock Plate/Shutter 14 Brown Rice Discharge
Bucket
11 Hopper 15 Prime Mover Selecting
Lever
12 Cyclone Separator 16 Milling Assembly

Figure 1. Manual/motor driven brown rice machine.

Figure 2. Improved prototype with electric
motor.

drive.

Figure 3. Clutch lever for shifting of

Figure 4. Hand towel, cellphone, and
bottled water holders.
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typically consisted of two round plates - one fixed to
the drive shaft and the other to the driven shaft.

Following a series of tests, refinements were
introduced to improve operator comfort. These
included the addition of holders for a hand towel,
cellphone, and bottled water (Figure 4).

Modifications were also made to the hopper and
collecting buckets (Figure 5). The original hopper had
a capacity of 2.5 kg of paddy, which was found
excessive for household brown rice requirements.
Thus, the hopper was reduced to a 1 kg capacity to
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Figure 7. Originally designed partition arrangement

match the daily consumption needs of an average
household. The discharge buckets for brown rice and
rice husk were also adjusted to accommodate 1 kg.

The input roller was improved by adding a slat to
its middle section (Figure 6), which increased the feed
rate of the paddy. The original roller had only one slat,
which resulted in slower feeding.

The partition guide, which helps separate brown
rice from rice husk, was also revised (Figure 7). Initial
tests showed that excessive rice husk was ending up in
the brown rice collection bucket. To resolve this, the

(left) and modified version (right).



Table 1. Problems encountered during testing of the prototype.

Gender-inclusive Brown Rice Machine Design

Problems Encountered

Cause

Action Taken

High amount of unhulled paddy

Brown rice deposited in the

Incorrect clearance between the 2 rubber
roll hullers (too wide or too narrow).

High airflow rate.

rice husk bucket and cyclone

High quantity of rice husk in
the brown rice discharge

bucket

Slow feeding of paddy

Big hopper size

Low capacity of collecting

buckets

Low fan airflow; Wide partition guides/
outlet chute that aid from other impurities
when dropping into the collecting bucket.

Lack of slat of input roller.

Too big to hold the needed amount of
paddy which is enough for a household.

Low amount of output is being hold and
other impurities that dropped to the

Adjusted the clearance using the rubber roll
clearance adjustment knob.

Reduced fan speed; Make another pass to
recover brown rice.

Increased fan speed; Reduced the length of
the outlet chutes to provide enough access
for rice husk to reach the rice husk
discharge bucket.

Added slat in the middle section of input
roller to increase the amount of paddy being
taken by the machine.

Reduced hopper size to accommodate the
required amount (1kg).

Increased size of collecting boxes which is
enough to hold 1kg of brown rice.

collecting buckets.

length of the partition guide was shortened,
accelerating the movement of husk toward the
cyclone and reducing husk contamination in the
brown rice output.

Additional issues encountered during the
improvement phase, along with the corresponding
corrective actions, are detailed in Table 1. These
included, among other issues, the presence of
unhulled paddy in the rice husk discharge bucket and
a high volume of brown rice ending up in the husk
discharge bucket and cyclone.

Endurance Testing

Endurance or extended-duration testing of the
manual/motor-driven brown rice machine was
conducted at PhilRice CES after refinements were
completed. The prototype was tested by both male and
female operators and was also evaluated using a 2 hp
electric motor as the power source. Performance
indicators included brown rice recovery and output
capacity.

When operated manually, the machine produced
1.91 to 2.04 kg of brown rice per hour with a recovery
rate of 73.84% to 76.96% after two passes, yielding a
grain quality acceptable to consumers. When powered
by an electric motor, the machine achieved a capacity
of 1.93 kg/h with 79.64% recovery after two passes
(Table 2). Slightly lower output was noted with the
electric motor due to overheating during prolonged
operation. Hence, it is recommended to use a higher-
power motor for extended usage. Furthermore, higher
throughput is expected when processing in bulk rather
than in small, limited samples.

Table 2. Performance of portable brown rice machine during
endurance test.

Manually driven Motor
Parameter Male Female  Driven
Input paddy, kg 6.35 2.82 9.27
Brown Rice, kg 16.80 7.30 22.50
Operating time, h 12.93 5.39 17.92
BR Recovery, % 76.96 73.84 79.64
BR Output Capacity, kg/h  2.04 1.91 1.93

In addition, eight individuals operated the

machine - six males (75%) and two females (25%).
The mean age of the operators was 34 years (Table 3).

Table 3. Profile of operators running the
machine during testing period.

Operator Mean Percentage (%)
Sex

Male 75
Female 25
Age 34

21-25 25
26-30 25
31-35 25
36-40 12.5
41-45 0
46-50 12.5
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Cost Analysis

The initial investment for a manually-operated
brown rice machine is PhP 20,200 (Table 4).
Assuming a brown rice selling price of PhP 50 kg
and usage of 150 hours per year, the machine would
yield an average net income of PhP 13,928 with a
payback period of 1.45 years.

For the motor-driven version, the initial
investment rises to PhP 26,200. At the same price
point of PhP 50 kg and assuming 260 hours of use
per year, the net income is PhP 8,055 with a payback
period of 3.25 years.

Table 4. Cost analysis of the manual/motor driven brown rice
machine.

Parameter Manual driven Motor driven
Investment cost, P yr' 20,200 26,200
Fixed cost, P yr-! 8,686 10,447
Operating hours, h yr-! 150 260

Net income, P yr-! 13,928 8,055
Payback period, yr 1.45 3.25

Assumptions: PhP 50 kg-1 cost of brown rice; P19/kg dried paddy; 26% interest
on Investment, 10% depreciation cost, 10% R&M cost, 3% Insurance cost; 1h
operation per day; 5 days a week.

Conclusion and Recommendations

The developed brown rice machine prototype is a
gender-friendly technology that promotes both food
production and physical activity. The machine
delivers a processing capacity of 1.91 to 2.04 kg h!
after two passes, with a recovery rate of 73.84% to
76.96% using manual operation. When powered by a
Y hp electric motor, it achieves 1.93 kg/h with 79.64%
recovery. These outputs are sufficient to meet the daily
brown rice needs of a five-member household.

At a brown rice selling price of PhP 50 kg, the
manually-operated version provides a net income of
PhP13,928 with a 1.45-year payback when used for
150 hours annually. The motor-driven version yields a
net income of Php 8,055 with a 3.25-year payback at
260 hours per year. These promising results support
pilot deployment in rural and urban households to
further evaluate the technology’s economic viability
and social acceptability.
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Abstract

The silicate-solubilizing bacterial (SSB) community plays a significant role in enhancing the availability of
silicon (Si) in soils, yet its contribution to Si absorption by plants remains poorly understood. This study aimed to
investigate the effect of SSB on Si uptake and deposition in rice leaves. Silica deposition was evaluated using
Scanning Electron Microscopy coupled with Energy Dispersive X-ray analysis (SEM-EDX) and silicon mapping.
Results revealed clear differences in Si distribution between Si-treated and untreated rice plants. Plants treated
with Si were more erect and showed better growth than those without Si application. SEM-EDX proved useful in
visualizing silica bodies on rice leaf surfaces. In Commerce silt loam soil, Si mapping showed a higher distribution
of silica bodies on the adaxial leaf surface of rice treated with Si (via wollastonite) and SSB inoculated carriers,
compared to uninoculated control plants. SEM-EDX analysis revealed that plants treated with SSB-inoculated rice
hull had the highest number of silica bodies, with an equivalent Si content of 55% relative to C, O, and K. The
lowest number of silica bodies was observed in uninoculated plants. Si content in plants treated with wollastonite,
SSB in bagasse, and SSB in slag was 48%, 35%, and 40%, respectively. In Gigger silt loam, Si mapping showed
higher silica deposition in plants treated with wollastonite (48%) and uninoculated control (46%), followed by
SSB in rice hull (40%), bagasse (26%), and slag (37%). Leaf surfaces treated with wollastonite and SSB exhibited
trichomes, wart-like protuberances, Si papillae, and dumbbell-shaped silica bodies. To further elucidate SSB’s role
under field conditions, future studies should utilize soils with low Si content and subject test plants to biotic and
abiotic stresses. Field assessments are necessary to understand the interaction between soil types, silicon
application, SSB inoculation, and rice productivity.

Keywords: rice, scanning electron microscope-energy dispersive x-ray (SEM-EDX), silicate-solubilizing bacteria (SSB),

silicon, silica bodies

Introduction

Soil microorganisms play crucial roles in mineral
dissolution and nutrient cycling, significantly
influencing soil fertility (Uroz et al., 2007; Calvaruso
et al., 2006; Ehrlich, 1996). Beneficial soil microbes,
such as nitrogen-fixing and phosphate-solubilizing
bacteria, are well-known plant growth-promoting
agents. A lesser-known but equally important group,
silicate-solubilizing bacteria (SSB), facilitates the
conversion of insoluble silicates into bioavailable
mono-silicic acid.

Silicon is a critical micronutrient for the optimal
growth and stress resilience of many cereal crops,
particularly rice (Brunings et al., 2009). Though not
considered essential for higher plants, its role in
enhancing plant defense and growth, especially in
Si-accumulating species such as rice, is well-
documented (Ma and Takahashi, 2002; Liang et al.,
2007; Lee et al., 2019). Despite its abundance in the
earth’s crust, Si predominantly exists in insoluble
forms and becomes available to plants only through

weathering or microbial solubilization (Naureen et al.,
2015).

Current research on Si largely focuses on its
contribution to soil fertility, with limited studies
exploring  its  biological interactions  via
microorganisms. With increasing concerns about the
environmental and financial sustainability of chemical
fertilizers, biological alternatives like SSB offer
promising, eco-friendly solutions. This study
investigated the effect of SSB application using
various organic carriers on Si uptake in rice plants
grown in two different Louisiana soil types.

Materials and Methods

The soils were collected from fields grown to
soybean, wheat, corn, sugarcane, and rice at various
locations in Louisiana, U.S.A. Two soils were selected
on the basis of Si content: Gigger silt loam (low Si,
<40 mg kg') and Commerce silt loam (medium Si,
40-100 mg kg'). Two rates of wollastonite
fertilization (no wollastonite and with wollastonite
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(500 kg Si ha') and SSB inoculation (uninoculated
and inoculated) were used in this study.

Collection and Processing of Bulk Soil Samples

Soil collection and processing soil samples were
collected from agricultural fields in Louisiana
cultivated with soybean, wheat, corn, sugarcane, and
rice. Two soils were selected based on Si content:
Gigger silt loam (low Si, <40 mg kg!) and Commerce
silt loam (medium Si, 40-100 mg kg'). Treatments
included two wollastonite rates (0 and 500 kg Si ha!)
and two SSB inoculation levels (uninoculated and
inoculated).

Soils were collected from St. Gabriel (Commerce
silt loam; coordinates: 30.2625, -91.09722) and
Winnsboro (Gigger silt loam; coordinates: 32.1418,
-91.6862). To prevent cross-contamination, soils were

sieved (5 mm), homogenized, and air-dried.
Composite samples were taken for chemical
characterization.

Seed Surface Sterilization

Mermentau rice seeds were washed five times
with tap water, soaked in 95% ethanol for 2.5 minutes,
and rinsed five times with sterile distilled water. They
were then treated with 30% bleach for 30 seconds,
followed by five additional rinses with sterile distilled
water.

Preparation of Inoculant Carriers and SSB
Inoculants, and Inoculant Application

Sterilized carriers (slag, bagasse, rice hull; 100 g
each) were inoculated with SSB cultured in tryptic soy
broth (TSB) for 24 h at 28-30°C. Moisture content
was adjusted to field capacity, and the inoculated
carriers were incubated at room temperature for one
week.

Surface-sterilized seeds were coated with the
SSB-inoculated carriers for 30 min. Five seeds were
planted 2.5 cm deep in each pot.

Fertilizer Application

Urea was applied at 267 kg ha'! based on LSU
AgCenter recommendations. At the 2-3 leaf stage,
urea was incorporated into the top 15 cm of soil
followed by flooding.

Scanning Electron Microscopy (SEM) and
Energy Dispersive X-ray (EDX) Analysis

Leaf samples were collected at the reproductive
stage. Six small leaf sections per sample were
analyzed using SEM-EDX to evaluate Si deposition
on the adaxial leaf surface. Two leaf samples per
replicate, with three subsamples each, were examined.
SEM imaging was conducted at 1,500x and 2,000x
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magnification at 5.0 kV. EDX analysis followed at
20.0 kV. Elemental composition (%Si, %C, %0, %K)
was quantified, and Si content was visually
represented using green coloration. Si mapping was
performed by calculating the total pixel area
associated with Si deposition.

Results and Discussion

Figure 1 illustrates the morphological effects of Si
treatment in rice plants. Si-treated plants were more
erect and vigorous compared to untreated controls.
Silicon accumulates in rice primarily as amorphous
silica gel (SiO2-nH20), with deposition observed in
epidermal layers, vascular bundles, and sclerenchyma
tissues (Kim et al., 2002; Agarie et al., 1996).

l»- [

Figure 1. Rice plants without (-Si) and with silicon (+Si).

Scanning electron microscopy followed by energy
dispersive X-ray analysis is useful in locating silica
bodies on the leaf surface of rice plants. Figure 2
shows the cross sections of leaves (red arrow
highlighting the presence of silica bodies or phytolith)
of rice grown on soil treated with SSB using SEM-
EDX. The SEM image shows silica bodies were
mostly concentrated on the epidermal cell walls of
rice leaf. Kim et al. (2002) reported that electron
microscopy and in situ X-ray microanalysis provided
evidence that Si was deposited within sub-epidermal
tissues of Si-treated rice leaves in epidermal cell
walls, middle lamellas, and intercellular spaces. In the
epidermal cell wall structure, the most significant
variations were observed between Si-treated rice
plants and control plants. These results were also
consistent with the findings of Yoshida et al. (1962).
In the analysis by Agarie et al. (1996), as seen in the
cross-section of Si-treated rice plants, leaf silica cells
occurred in the epidermal layer above and below the
vascular bundles. However, Silicon deposition was
not limited to electron-dense epidermal cell walls and
was also observed as polymorphic aggregates in
middle lamella and intercellular spaces (Kim et al.,
2002). Silicon is believed to be associated with
components of the cell wall, such as polysaccharides
and proteins (Carpita, 1996). Silicon is likely to be
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Figure 2. Cross sections of rice leaves (red arrow highlighting the presence of silica bodies or phytolith) treated

with SSB (a) and silica deposition in the adaxial leaf surface of rice using SEM-EDX at 5,000x (b) and 2,000x

(c) magnification.

integrated into cell walls as Si-aromatic ring contacts
in rice leaves between lignin and carbohydrate
(Inanaga et al., 1995).

The deposition of silica in rice leaves was assessed
using scanning electron microscopy coupled with
energy-dispersive X-ray spectroscopy (SEM-EDX)
and silicon (Si) mapping. Figures 3 and 4 present the
SEM-EDX Si maps of the adaxial leaf surfaces of rice
plants grown in Commerce silt loam and Gigger silt
loam soils, respectively. The treatments included a
control (no Si), wollastonite, and three different solid-
state bacterial (SSB) inoculations using rice hull,
bagasse, and slag as carriers.

SEM-EDX analysis revealed distinct differences
in Si distribution between Si-treated and untreated
plants. In Commerce silt loam, Si mapping visually
showed a greater abundance of silica bodies on the
adaxial leaf surfaces of plants treated with
wollastonite and SSB-inoculated carriers, compared
to the uninoculated control. Among the treatments,
plants treated with SSB-inoculated rice hull exhibited
the highest density of silica bodies, corresponding to
a Si content of 55% relative to carbon (C), oxygen
(O), and potassium (K) levels. In contrast, the control
group had the lowest silica body distribution (30%
Si). Other treatments yielded the following Si
contents: wollastonite (48%), SSB in bagasse (35%),
and SSB in slag (40%).

In Gigger silt loam, a similar trend was observed.
Wollastonite-treated plants exhibited the highest Si
content (48%), followed closely by the control group
(46%). Si contents in the SSB treatments were as
follows: SSB in rice hull (40%), SSB in slag (37%),
and SSB in bagasse (26%).

Several structural features such as trichomes,
wart-like protuberances, Si papillae, and dumbbell-
shaped silica bodies were evident on the leaf surfaces
of plants treated with either wollastonite or SSB-
inoculated carriers (Figures 3 and 4). Similar silica
body structures on rice leaves were previously
reported by Kim et al. (2002). Point analysis of the Si
X-ray spectra confirmed the presence of Si within
trichomes and wart-like protuberances. Conversely,
epidermal regions lacking these structures, as well as
stomatal guard cells, accumulated significantly less
Si. Notably, high Si X-ray counts consistently aligned
with protruded areas on the leaf surface.

Dumbbell-shaped silica bodies were particularly
prominent in leaves of plants treated with SSB-
inoculated rice hull and bagasse. As leaves matured,
these silica cells exhibited a gradual morphological
transformation, indicating early flexibility in the silica
cell wall that transitioned to a more rigid, sandwich-
like structure over time, consistent with the findings of
Zhang et al. (2013). The development of silica cells in
the rice leaf epidermis involves two key processes: (1)
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Figure 3. Scanning electron microscope-energy dispersive X-ray (SEM-EDX) silicon map of
adaxial leaf surface of uninoculated (or control — a), with wollastonite (b), SSB-inoculated rice hull
(c), SSB-inoculated bagasse (d), and SSB-inoculated slag (e) rice plants planted in Commerce silt
loam soil. Values are %Si relative to %C, %0, and %K. SC, silica cell in dumbbell-shaped; SP,
silicon papilla; SG, stomatal guard cell.
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Figure 4. Scanning electron microscope-energy dispersive X-ray (SEM-EDX) silicon map of
adaxial leaf surface of uninoculated (or control — a), with Wollastonite (b), SSB-inoculated rice
hull (¢), SSB-inoculated bagasse (d), and SSB-inoculated slag (e) rice plants planted in Gigger
silt loam soil. Values are %Si relative to %C, %0, and %K. SC, silica cell in dumbbell-shaped;
SP, silicon papilla; SG, stomatal guard cell.
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lignification and silicification of the cell wall,
resulting in a dumbbell shape, and (2) the formation of
needle-like biosilica, initiated from the inner wall and
expanding in a defined direction until the lumens are
fully filled.

Despite these insights, the precise mechanisms
regulating Si biomineralization in higher plants
remain unclear and warrant further investigation.
Silicon deposition in the cell walls and silica cells,
particularly those formed within dumbbell structures,
may play a crucial role in plant defense against biotic
stress (Zhang et al., 2013). In untreated plants, Si was
more diffusely distributed across the leaf surface, as
previously noted by Ranganathan et al. (2006). In
contrast, Si-treated plants exhibited a marked increase
in Si content and larger silica cell sizes (Cai et al.,
2008).

Conclusion

This greenhouse experiment evaluated the
effectiveness of previously identified multi-SSB
formulations, applied via various carriers, in
enhancing Si content in rice. Semi-quantitative
assessment of silica body distribution via SEM-EDX
revealed distinct differences across soil types, with a
notably higher concentration observed in rice grown
in Commerce silt loam. The analysis confirmed
increased Si deposition in treated versus untreated
plants. Silicon-treated rice plants appeared more erect
and less stunted compared to controls.

SEM-EDX proved to be an effective tool for
visualizing silica body distribution on rice leaf
surfaces. The findings suggest that SSB inoculation
presents a promising approach for enhancing Si
availability to crops. However, its full potential has
yet to be realized. Future studies should optimize
factors such as SSB concentration, application
method, and timing. Additionally, trials using soils
with inherently low Si content under stressful field
conditions are recommended to better demonstrate the
benefits of this technology.
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Abstract

Food safety remains a critical public concern globally. In Region 2, the Department of Agriculture-Regional
Field Office 2 (DA-RFO2) has been actively monitoring pesticide residues in fruits and vegetables. Elevated levels
of pesticide residues have been found in trading centers and public markets, prompting concerns about consumer
health. These findings highlight the necessity to also evaluate pesticide residues in other priority commodities such
as rice, corn, and mungbean - crops with strong export potential in the region. This initiative aims to strengthen
producers’ adherence to Good Agricultural Practices (GAP) and assess export compliance.

A coordination meeting was held with the Municipal Local Government Unit (MLGU) to identify respondents
for baseline data collection. Fifty-eight farmers were interviewed, reporting frequent pesticide use to control pests
and diseases in their crops. They reported the use of insecticides, fungicides, herbicides, and molluscicides.
Insecticide use was widespread across commodities: rice (89%), corn (89%), and mungbean (75%). For rice, 47%
of the farmers used pyrethroids, 19% used carbamates, and 16% used organophosphates. In corn production, 39%
used pyrethroids, 24% organophosphates, and 20% neonicotinoids. For mungbean, 80% used diamides, 10%
carbamates, and 10% neonicotinoids. These pesticides are categorized from ‘moderately toxic and moderately
irritant’ to ‘least toxic and not an irritant,” potentially posing health risks to farmers and consumers.

To determine whether farmers complied with Pre-Harvest Interval (PHI) and recommended dosages, a
pesticide residue screening was conducted using Gas Chromatography - Mass Spectrometry (GC-MS). Samples
from rice, corn, and mungbean were tested specifically for organophosphates. Results showed residue levels were
below detection limits, indicating compliance with GAP. These findings suggest that Region 2’s agricultural
products are competitive and export-ready.

Keywords: organophosphate residues, gas chromatography-mass spectrometry, good agricultural practices, pesticide

compliance, food safety, export standards

Introduction

Pesticides are commonly applied during crop
production and postharvest storage to manage pests,
as well as to preserve product quality (Naylor, 2003).
Organophosphates and carbamates are frequently
used in storage facilities to deter insect infestation in
grains. Previous research has reported the presence of
pesticide residues in stored grains. For instance,
Jagadish et al. (2015) detected chlorpyrifos as the
most prevalent pesticide in rice, wheat, and pulses.
Similarly, a Nigerian study found organophosphate
and carbamate residues in maize from local markets,
with some levels exceeding the Maximum Residue
Limit (MRL) (Ogah and Coker, 2012).

Food safety is a priority of DA-RFO2, particularly
in promoting pesticide-safe vegetables through
residue analysis. Gas Chromatography - Mass

Spectrometry (GC-MS) is a powerful tool for residue
analysis due to its sensitivity, specificity, and
reliability. Beyond regulatory compliance and food
safety, this technology facilitates market readiness,
particularly for plant-based export commodities such
as mungbean. Customs protocols in many countries
require initial screening followed by laboratory tests
to verify pesticide residue levels and other key
parameters.

Under this conditions, the region needs a reliable
pesticide residue testing method aligned with
international MRL and GAP standards to support
farmers in accessing export markets. Establishing a
local testing facility would aid in organic certification
and MRL compliance, benefitting both producers and
consumers.
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This study focused on the determination of
pesticide residues in low-water, high-starch crops -
namely rice, corn, and mungbean - as representatives
of grains and pulses. It also serves as a baseline
assessment of pesticide usage among producers of
these crops. The objectives were to gather baseline
data on pesticide application in rice, corn, and
mungbean production; to screen samples for
organophosphate residues using GC-MS; and to
evaluate the suitability of these commodities for
export in terms of food safety compliance.

Materials and Methods
Survey on Pesticide Usage

A survey was conducted in 2022 in selected
agricultural areas of region 2. The focus was on major
production zones and active Farmer Cooperative
Associations (FCAs) identified by the respective
MLGUs. Key areas included Nueva Vizcaya for rice -
known for its triple-cropping system and high
pesticide usage due to pest vulnerability - and Isabela
for corn and mungbean, the province’s dominant
Ccrops.

Survey Participants and Methodology

Fifty-eight farmers participated in the pesticide
usage survey: 28 rice farmers from Nueva Vizcaya, 18
corn farmers from Ilagan, Isabela, and 12 mungbean
farmers from Cabatuan, Isabela. These farmers were
members of associations previously identified by the
Municipal Local Government Units (MLGUs). To
complement the producer data, a preliminary survey
of 15 agricultural traders was conducted in 2023. This
group included five mungbean traders from Cabatuan
and ten rice and corn traders from Ilagan. All trader-
respondents were selected based on their active

involvement in agricultural commerce within
Region 2.
Data were gathered through focus group

discussions (FGDs) and the administration of a
structured questionnaire. Farmers were asked about
their personal profiles, including age, sex, and years of
farming experience. Farm-specific information was
also collected, such as the total land area under
cultivation, the type of cropping system employed,
and the common pest problems they encountered in
the field.

To assess pesticide practices, respondents were
asked to identify the types of pesticides they used
including insecticides, fungicides, herbicides, and
molluscicides as well as the specific active
ingredients. They provided information on dosage
rates, frequency of application, and adherence to the
pre-harvest interval (PHI). Farmers also indicated the
date of their most recent pesticide application and the
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sources of irrigation water used on their farms.
Additionally, data were collected on whether they
used personal protective equipment (PPE) when
handling or applying pesticides.

For traders, the survey focused on pesticide use
during postharvest storage. Questions covered the
types of pesticides applied to stored grains and the
frequency of these applications.

Due to constraints in time and resources, the
survey was limited to select municipalities and does
not fully represent pesticide usage across all five
provinces of Region 2. Nevertheless, the results
provide a valuable initial dataset that can guide more
extensive, region-wide investigations in the future.

A detailed breakdown of survey participants is
presented in Table 1.

Collection of Samples

Grain samples were collected in 2024 from market
stalls and storage facilities in Ilagan (for rice and corn)
and Cabatuan (for mungbean), Isabela. Ten 1-kg
samples were randomly selected for each commodity,
properly labeled, and stored at 4°C until further
analysis.

Chemicals and Reagents

All chemicals used in the analysis were of
analytical grade with 99% purity. Acetonitrile served
as the extraction solvent. Triphenyl phosphate (TPP)
was used as the internal standard, and formic acid was
used to stabilize extracts.

Sample Preparation, Extraction, and Clean-up

The pesticide residue analysis was conducted at
the DA-RFO2 Integrated Laboratory Division -
Regional Crop Protection Center, specifically at the
Plant Health Clinic Chemical Laboratory. The
analytical procedure followed the British Standard
Institution (BSI) EN 15662 (2008) QuEChERS
protocol, which is widely recognized for its efficiency
in multi-residue pesticide testing.

To begin the process, 5 g of homogenized crop
sample were accurately weighed and transferred into
a conical tube. This was hydrated with 10g of
ultrapure water to ensure proper sample preparation.
For recovery monitoring, 100 pL of a 20 ppm solution
of triphenyl phosphate (TPP) were added as an
internal standard.

Extraction was then performed by adding 10 ml of
acetonitrile to the sample. The mixture was vortexed
for one minute to ensure thorough mixing before
being subjected to phase separation using a
QuEChERS extraction kit. This step was followed by



Table 1. Summary of respondents.

Pesticide Use and Residue in Key Crops in Cagayan Valley

. Sex Age Bracket
Hocation Name of FCA Crop Male Female 18-35 36-55 >56
Magus Farmers Irrigators Rice 17 6 2 10 1
Brgy. Casat, Bayombong, ~_Association
Nueva Vizcaya Casat-Ipil Farmers .
Association Inc. Rice 3 2 0 1 4
Brgy. Marana, llagan City, San Andres Marana Corn
Isggela 9 Y Cluster Association Corn 9 9 0 4 14
Brgy. Sampaloc, Cabatuan, Flow of Pariir Agricultural Mungbean 9 3 1 5 6

Isabela Cooperative

centrifugation at 3,500 rpm for 5 min to allow clear
separation of the aqueous and organic layers.

The supernatant obtained from the centrifugation
step underwent further purification using dispersive
solid-phase extraction (dSPE) tubes containing 150
mg of magnesium sulfate (MgSOy4), 25 mg of
octadecylsilane (C18), and 25 mg of primary
secondary amine (PSA). The purified extract was then
vortexed and centrifuged once more. Following this,
it was acidified with 5% formic acid to stabilize the
analytes and then transferred into  gas
chromatography—mass spectrometry (GC-MS) vials.

All prepared samples were directly analyzed using
GC-MS to screen pesticide residues.

Measurement of Organophosphate Pesticide
Residue Using GC-MS

The Shimadzu QP2020 GC-MS system was used,
featuring a split/splitless AOC 20i auto-injector, AOC
20s autosampler, and MS-QP2020 mass selective
detector. The gas chromatograph was fitted with a SH-
Rxi-5Sil MS fused silica capillary column (30 m x
0.25 mm id., 0.25 pm film thickness; RESTEK).
Helium (99.999% purity) served as the carrier gas at a
flow rate of 5.0 mL/min. The oven was initially set to
100°C for 1 min, increased at 25°C/min to 150°C and
finally at 10°C/min to 280°C/min and held for 9 min.

A 1 pL volume was injected in splitless mode at
250°C. The mass spectrometer operated in Electron
Impact (EI) mode with a detector voltage of 70V, ion
source temperature of 230°C, and GC interface
temperature of 250°C. Acquisition was done using
Selected Ion Monitoring (SIM) mode.

Screening Detection Limit (SDL) and
Compound Identification.

SDLs were established based on a signal-to-noise
(S/N) ratio of >3. Compound identification was based
on retention time (RT) comparison and spectral
matching using the NIST and Shimadzu EI libraries.
Specific pesticides screened included: Malathion
(10.615 min), Fenthion (10.855 min), Chlorpyrifos
(10.780 min), Triazophos (13.735 min), Profenofos
(12.615 min), and Diazinon (8.945 min).

Results and Discussion
Rice Production

Survey results showed that farmers commonly
practice a triple-cropping system for rice cultivation.
This intensive farming approach has been associated
with a higher incidence of pest outbreaks, particularly
of stem borers, rice black bugs, rice leaffolders, and
leathoppers. Farmers reported these issues during
interviews, and the findings were validated through
field monitoring by Regional Crop Protection Center
(RCPC) personnel. In response to these pest
pressures, improper pesticide application practices -
such as cocktailing or the combined use of multiple
pesticides in a single application - were noted.

Nueva Vizcaya, identified as a hotspot for insect
pests, exhibited high availability and use of synthetic
pesticides. This accessibility, combined with ongoing
capacity-building activities spearheaded by various
agencies and bureaus, has contributed to a relatively
high level of farmer awareness regarding pest
identification and corresponding management
practices.

As illustrated in Figure 1, farmers use several
types of pesticides, with insecticides being the most
dominant at 89%. Fungicides are used by 7% of
respondents, of which 3.57% apply lIonic Copper
Concentrate (ICC), which also functions as a
bactericide. Herbicides and molluscicides are each
used by 7% of farmers, suggesting that weed and
mollusk pressures are comparatively less severe in the
area. Notably, 7% of surveyed farmers reported not
using any form of pesticide on their crops.

Table 2 presents the variety of pesticides applied
during both wet and dry seasons for rice cultivation.
Commonly used products include Magnum
(Cypermethrin), Dupont Lannate (Methomyl), Chix
(Beta-Cypermethrin), and Ranger (a combination of
BPMC and Chlorpyrifos). The most frequently
applied  pesticide classes are pyrethroids,
organophosphates, and carbamates, with some
farmers also using diamides and neonicotinoids.
These substances range from moderately toxic to least
toxic classifications. Among organophosphates,
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Chlorpyrifos, Malathion, and Profenofos were
prioritized as target analytes for screening in milled
rice samples using GC-MS.

Corn Production

Corn is planted from May to September during the
dry season and from December to April in the wet
season. Farmers reported infestations of corn borer,
corn plant hopper, and fall armyworm, which
necessitate the use of insecticides. Observations also
indicated a reduced susceptibility of these pests to
pesticides, suggesting the possible emergence of
insecticide resistance.

As shown in Figure 2, insecticides are the most
widely used pesticide for corn (89%), followed by
herbicides (22%) and fungicides (6%). Another 6% of
corn farmers reported not using any pesticides.

Table 3 details the pesticides applied in corn
production, including their active ingredients,
pesticide classes, toxicity levels, and usage frequency.
The most commonly used insecticides include
pyrethroids  (Cypermethrin,  Beta-Cypermethrin,
Lambda-cyhalothrin, Beta-Cyfluthrin), neonicoti-
noids (Thiamethoxam, Imidacloprid), and
organophosphates (Chlorpyrifos). For fungicides,
farmers used the triazole class, while herbicides fell
under the organophosphate, triketone, phenoxy, and

100%
90%
80%
70%
60%
50%
40%
30%
20%
7%

10% 7%

0%

Fungicide Herbicide

89%

Insecticide

7% 7%

Molluscicide  No pesticide used

Figure 1. Percentage of pesticide usage during the production of rice 2022, wet season (WS).
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Figure 2. Percentage of pesticide usage in corn production, 2022 WS.
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Table 2. Pesticide usage in rice production, 2022 WS.

Pesticide Use and Residue in Key Crops in Cagayan Valley

Pesticide Used

Active Ingredient

Chemical Class

FPA Color FPA Toxicity
Category*

Band*

Farmers Using
the pesticide

(N=28)
Insecticide N %
Magnum 5 EC Cypermethrin Pyrethroid Green 4 5 17.86%
Cymbush 5 EC Cypermethrin Pyrethroid Green 4 2 7.14%
Surekill Pyrethrin Pyrethroid Green 4 2 7.14%
Lancer 75 SP Acephate Organophosphate Green 4 2 7.14%
Dupont Prevathon 5 SC Chlorantraniliprole Diamide Green 4 1 3.57%
Gold 20 SC Clothianidin Neonicotinoids Green 4 1 3.57%
Malathion 57 EC Malathion Organophosphate Green 4 1 3.57%
Chix Beta-Cypermethrin Pyrethroid Blue 3 8 28.57%
Dupont Lannate 40 SP Methomyl Carbamate Yellow 2 6 21.43%
Ranger 31.5 EC BPMC + Chlorpyrifos Carbamate + Yellow 2 3 10.71%
Organophosphate
Karate 2.5 EC Lambda-Cyhalothrin Pyrethroid Yellow 2 2 7.14%
Solomon 300 OD Beta-Cyfluthrin and Pyrethroid + Yellow 2 2 7.14%
Imidacloprid Neonicotinoid
Wild Kid 40 SP Methomyl Carbamate Yellow 2 1 3.57%
Brodan 31.5 EC Chlorpyrifos Organophosphate Yellow 2 1 3.57%
Bida 2.5 EC Lambda-Cyhalothrin Pyrethroid Yellow 2 1 3.57%
Kriss Lambda-Cyhalothrin Pyrethroid Yellow 2 1 3.57%
Pulsar 2.5 EC Lambda-Cyhalothrin Pyrethroid Yellow 2 1 3.57%
Topkill 500 EC Profenofos Organophosphate Yellow 2 1 3.57%
Molluscicide
Kuholkil Metaldehyde Tetroxocane Yellow 2 2 7.14%
Fungicide
Index Myclobutanil Triazole Yellow 1 3.57%
lonic Copper Copper sulfate Inorganic Copper Green 4 1 3.57%
Concentrate pentahydrate
Herbicide
Topshot Penoxsulam+-cyhalofop-  Triazolopyrimidine + Green 4 1 3.57%
butyl Aryloxyphenoxy
propionate
2,4-D Amine Phenoxy Yellow 2 1 3.57%
No Pesticide Used N/A N/A 2 7.14%

*Toxicity category 1 is highly toxic and severely irritating, 2 is moderately toxic and moderately irritating, 3 is slightly toxic and slightly irritating, 4 is least toxic and not an

irritant.

*Reference: Fertilizer and Pesticide Authority (2024)
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chloroacetamide categories. Commonly used brands
include Alika, Lorsban, Spitfire, Chix, and Karate.
Among the organophosphates, Chlorpyrifos was
selected for residue analysis via GC-MS. Many of the
insecticides used fall into the moderate toxicity
category, which underscores the potential health and
environmental risks when not properly applied.

Mungbean Production

Mungbean planting typically occurs from March
to June. Farmers pay close attention to pod
development to time their harvests precisely, ensuring
pods are collected before they over-mature or shatter.
Prior to harvesting, they also conduct soil preparation
for the succeeding cropping season, which includes
soil testing and nutrient application.

Figure 3 shows that 75% of mungbean farmers
rely on synthetic insecticides, primarily due to issues
with pod borers. The remaining 25% of farmers
practice organic farming methods.

Table 4 presents the specific insecticides used in
mungbean production. Prevathon (Chlorantranili-
prole) is the most commonly used, applied by 66.67%
of farmers. Other insecticides include Lannate
(Methomyl) and Gold (Clothianidin), used by 8.33%
each. These products fall under the diamide,
carbamate, and neonicotinoid classes and range from

Table 3. Pesticide usage in corn production, 2022 WS.

least toxic to moderately toxic based on toxicity
classification.

Practices of Traders in Storage Facilities

During the second year of implementation, the
study expanded to assess pesticide usage in post-
harvest stages. This component was carried out in
collaboration with local government units (LGUs) of
Cabatuan and Ilagan, focusing on pesticide
application in the storage of milled rice, corn, and
mungbean.

Traders from various warehouses in Ilagan and
Cabatuan, Isabela were interviewed, and samples
were collected from their facilities for laboratory
testing. Table 5 presents the data collected regarding
their postharvest practices.

Survey findings indicated that some traders apply
pesticides such as Scorpio, Cymbush, and Lannate
daily to control common storage pests like weevils.
Lannate (Methomyl) is widely used for rice and corn
due to its affordability and availability. While the
storage duration for rice and corn ranges from one to
two months, mungbean is not treated with pesticides
as it is typically sold quickly.

Pesticide residue analysis using GC-MS

Thirty samples of milled rice, corn, and mungbean
obtained from trading warehouses were subjected to

Pesticide Used Active Ingredient Chemical Class FPé\aﬁglor Tolj(li):ity Fam;?stli,gilgg the
Category* N=18

Insecticide N %

Cymbush 5 EC Cypermethrin Pyrethroid Green 4 1 5.56%

Chix Beta-Cypermethrin Pyrethroid Blue 3 16.67%

Alika 247 ZC Lambda-oyhalothrin - Pyreitreid Yellow 2 6  33.33%

Lorsban Chlorpyrifos Organophosphate Yellow 27.78%

Karate 2.5 EC Lambda-Cyhalothrin Pyrethroid Yellow 16.67%

SomenaooD  BEOMND peOdveo, z 2w

Ariba 2.5 EC Lambda-Cyhalothrin Pyrethroid Yellow 2 1 5.56%

Fungicide

Armure 300 EC ?gfongggﬂgigl'g Triazole Blue 3 1 5.56%

Herbicide

Spitfire 480 SL Glyphosate ipa Organophosphate Green 4 4 22.22%
Mesotrione, Triketone,

Halex GT 525 ZC glyphosate, Organophosphate, Green 4 1 5.56%
s-metochlor Chloroacetamide

2,4-D Amine Phenoxy Yellow 2 1 5.56%

No Pesticide Used N/A N/A 1 5.56%

*Toxicity category 1 is highly toxic and severely irritating, 2 is moderately toxic and moderately irritating, 3 is slightly toxic and slightly irritating, 4 is least toxic and not an

irritant.

*Reference: Fertilizer and Pesticide Authority (2024)
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Figure 3. Percen

tage of pesticide usage in mungbean, 2022 dry season (DS).

Table 4. Pesticide usage in mungbean production, 2022 DS.

FPA FPA Farmer Using the
Pesticide Used Active Ingredient Chemical Class Color Toxicity pesticide
Band* Category* N=12

Insecticide N %
Dupont Prevathon 5 SC Chlorantraniliprole Diamide Green 4 8 66.67%
Dupont Lannate 40 SP Methomyl Carbamate Yellow 1 8.33%
Gold 20 SC Clothianidin Neonicotinoid Green 4 1 8.33%
No Pesticide Used N/A N/A 3 25.00%

*Toxicity category 1 is highly toxic and severely irritating, 2 is moderately toxic and moderately irritating, 3 is slightly toxic and slightly irritating, 4 is least toxic and not an

irritant.

*Reference: Fertilizer and Pesticide Authority (2024)

Table 5. Pesticide usage during postharvest in 2023.

Cymbush Cypermethrin Pyrethroid Green 4
Lannate Methomyl Carbamate Yellow 2
Scorpio Methomyl Carbamate Yellow 2

*Toxicity category 1 is highly toxic and severely irritating, 2 is moderately toxic and moderately irritating, 3 is slightly toxic
and slightly irritating, 4 is least toxic and not an irritant.
*Reference: Fertilizer and Pesticide Authority (2024)
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Fenthion, Profenofos; and (c) Triazophos.
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qualitative screening for pesticide residues using Gas
Chromatography-Mass Spectrometry (GC-MS). The
analysis did not detect any target compounds,
indicating that samples were either free from
organophosphate pesticide residues or contained
amounts below the method’s screening detection
limits (Figure 4).

Conclusion and Recommendations

This study was conducted to establish baseline
data on pesticide usage among rice, corn, and
mungbean producers; to perform screening for
organophosphate pesticide residues through Gas
Chromatography-Mass Spectrometry (GC-MS); and
to assess the export potential of these commodities
with respect to food safety compliance.

Findings revealed the predominant use of
insecticides in the production of rice, corn, and

mungbean, largely due to widespread pest
infestations. Among the commonly applied
insecticide  classes ~ were  organophosphates,

carbamates, and pyrethroids. In rice and corn
cultivation, triazole fungicides were frequently used,
while herbicides such as amine and glyphosate were
applied during the production period. Despite efforts
to adopt Good Agricultural Practices (GAP),
Integrated Pest Management (IPM), and organic
farming methods, most farmers continued to rely on
synthetic pesticides - primarily those classified as
moderately toxic (yellow label pesticides).

Traders, particularly those handling rice and corn,
reported daily applications of synthetic insecticides
such as Scorpion, Cymbush, and Lannate to manage
storage pests like weevils. These insecticides belong
to the carbamate and pyrethroid classes and range
from least toxic (green label) to moderately toxic
(yellow label) categories.

Initial GC-MS screening of samples collected
from trading warehouses and market stalls indicated
no detectable levels of the target organophosphate
pesticide residues. This result suggests that either the
commodities were free from organophosphate
contamination or residues were present below
detection limits. Specifically, yellow corn sourced
from Ilagan, Isabela was found safe for livestock feed
production, thereby supporting food safety in beef,

Pesticide Use and Residue in Key Crops in Cagayan Valley

dairy, poultry, and other animal sectors. Similarly,
milled rice and yellow corn from Ilagan City, along
with mungbean from Cabatuan, Isabela, were deemed
relatively safe for export or further processing,
presenting opportunities for value chain enhancement
and increased income for producers.

In light of these findings, there is a need to expand
baseline data collection to other locations across the
region. This would enable a more comprehensive
analysis of farming practices and facilitate the
development of appropriate interventions. Further,
pesticide residue screening should be broadened to
include other active ingredients and classes beyond
organophosphates, to ensure greater protection of
consumer health and to strengthen the export
readiness of milled rice, corn, and mungbean from
region 2. It is also recommended that the government
introduce incentive programs to promote the adoption
of GAP and to recognize and reward farmers and
traders who demonstrate safe pesticide practices and
compliance with local and international standards.
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Abstract

The development and promotion of hybrid rice remain among the government’s key strategies, implemented
through the agriculture sector to achieve rice self-sufficiency and improve the well-being of both consumers and
farmers. With the National Cooperative Test (NCT) now adopting a major rice-producing area (MRPA)
classification instead of the former regional approach, it has become essential to analyze data by incorporating
genotype-by-environment interaction (GEI) to assess the differential responses of promising rice lines to varying
environmental risk factors across MRPAs.

This study aimed to identify high-yielding and stable hybrid rice lines by evaluating ten genotypes across 18
sites over three cropping seasons - 2017 wet season (2017 WS), 2018 dry season (2018 DS), and 2018 wet season
(2018 WS). The additive main effects and multiplicative interaction (AMMI) and genotype X genotype x
environment (GGE) models were employed. In addition, the study assessed agro-morphological traits, grain
quality, and resistance to major insect pests and diseases. Results revealed that genotype performance in grain yield
varied across locations due to the effects of genotype, environment, and GEI. Most genotypes exhibited early
maturity, semi-dwarf plant height, high milling recovery, and intermediate to resistant reactions against major pests
and diseases. However, some genotypes showed susceptibility to tungro virus, indicating the need for further
resistance breeding.

Keywords: additive main effects and multiplicative interaction (AMMI) model, genotype x environment interaction (GEI),

hybrid yield potential, genotype x genotype x environment (GGE) model

Introduction

Rice serves as the staple food in the Philippines
and plays a vital role in the nation’s economy,
particularly for low-income populations. Enhancing
rice productivity through modern technological
interventions is therefore a critical strategy for
poverty alleviation and increasing the economic
return of the agricultural sector. Since the early 1960s,
rice self-sufficiency has been the target of various
government programs in agriculture; however, this
goal remains elusive (Balisacan & Ravago, 2003).

One promising approach to increasing rice
production is hybrid rice technology, which provides
a yield advantage of 15-30% over modern inbred rice
varieties (Abebrese et al., 2019). Hybrid rice has
achieved significant breakthroughs in modern
agricultural science (He et al., 2020), especially in
Asia, where it has substantially improved productivity
(Revathi et al., 2025). Expanding the availability of
hybrid rice varieties is thus essential in ensuring food
security, especially in developing countries (Nguyen
& Scrimgeour, 2022). However, realizing the full
yield potential of hybrid rice is complex, often
affected by genotype x environment interaction.

In the Philippines, hybrid rice development and
promotion are integral to the government’s strategy
for achieving rice self-sufficiency and improving

farmers’ income. Gramaje et al. (2020) reported
superior hybrid performance in terms of grain yield
and morpho-agronomic traits compared to check
varieties. Nevertheless, hybrids have limitations, and
their successful deployment depends heavily on
adaptability (Atal, 2024). Therefore, further research
is needed to improve yield advantage, grain quality,
and overall productivity of hybrid rice.

Yield advantage is often assessed by comparing
the performance of farmers growing hybrids versus
inbred varieties. However, this advantage cannot be
attributed solely to wvarietal differences. Farmers
usually cultivate hybrids in environments favorable in
terms of soil condition, climate, topography, and
water availability. A study by Peng et al. (2003)
involving trials across various tropical Asian locations
estimated the yield advantage of hybrids while
minimizing variation from non-genetic factors such as
management practices and input levels.

The performance of rice varieties, whether inbred
or hybrid, is the result of genotype (G), environment
(E), and their interaction (GEI). As noted by Blanche
et al. (2009), evaluating GEI is critical for assessing
yield stability and identifying genotypes with
consistent performance across diverse environments
and production years. GEI suggests that genotypes
respond differently to environmental variation, thus
reinforcing the need for multilocation testing (Tariku
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et al.,, 2013). According to Hill (1975), a high-
performing  genotype  maintains  acceptable
performance across seasons and environmental stress
levels.

Genotype X environment interactions arise when
environmental factors influence genotype
performance in differing ways (Lindheimer et al.,
2009). Beyond rice, studies such as that by Mutari et
al. (2022) on navy beans demonstrate how GEI
analysis identifies genotypes with high adaptability
and links grain yield with other agronomic traits.

Understanding GEI and crop stability aids
decisions during varietal development. It helps
identify adaptation patterns, guide screening for
release, and delineate recommendation domains (Yan
et al.,, 2007). Quantifying GEI involves evaluating
genotypes across environments, using either
univariate or multivariate statistical methods.
Common univariate approaches include regression of
genotype means on environmental indices (Yates &
Cochran, 1938; Finlay & Wilkinson, 1963; Eberhart
& Russell, 1966). Multivariate methods, such as the
AMMI model, complement these analyses by
separating main effects from interaction patterns
(Crossa, 1990; Gauch, 1992).

The AMMI model, combining ANOVA and
principal component analysis, dissects the GEI into
interpretable interaction principal components (IPCs),
thereby providing a multiplicative model (Romagosa
& Fox, 1993; Zobel et al., 1988; Gauch & Zobel,
1996). Several parameters derived from AMMI,
including the AMMI stability value (ASV) and its
modified form (MASV), help quantify and rank
genotype stability (Purchase et al., 2000; Karimizadeh
et al,, 2012). These metrics are comparable with
traditional methods such as those proposed by Shukla
(1972) and Eberhart & Russell (1966). ASV has been
validated as an effective tool in identifying stable
genotypes (Sabaghnia et al., 2008).

In the study of Bose et al. (2014a), AMMI analysis
of 17 early-maturing rice genotypes across four
seasons revealed that the first two IPCs explained
93.76% of total GEI effects. Similarly, Tarang et al.
(2013) characterized two stable rice lines using
AMMI across three years. Bose et al. (2014b)
evaluated 12 genotypes over three years, identifying
stable lines using significant AMMI components
(AMMI-1 to AMMI-3). In another study, Tariku et al.
(2013) analyzed 16 rainfed lowland rice genotypes
across eight environments and found that the first four
IPCs accounted for 91.13% of the total GEI variance.
These examples show that multivariate models like
AMMI provide powerful tools for GEI interpretation
and guide variety recommendation decisions.
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This study aimed to identify high-yielding, stable
rice genotypes and determine the environments where
they are best adapted using the AMMI model.
Promising genotypes exhibiting favorable grain
quality, high yield, and stability may be recommended
for varietal release.

Field performance trials were conducted by the
NCT across diverse locations to evaluate elite hybrid
lines for potential release. Stability in grain yield is a
highly desirable trait in rice cultivars, facilitating
broad adaptability. Genotype adaptability is evaluated
based on yield responses across different
environments within a given rice ecosystem.
Additional data were also collected on grain quality
and resistance to major insect pests and diseases. The
performance and stability of the genotypes were
validated using the AMMI and GGE models.
Addressing these challenges requires a robust
breeding pipeline capable of delivering varieties that
meet specific regional and provincial
recommendation requirements.

Materials and Methods

At the time this study was conducted, the National
Cooperative Testing (NCT) followed its previous
protocol, which required evaluation over three
cropping seasons - one dry season (DS) and two wet
seasons (WS). Accordingly, hybrid trials were
conducted across multiple NCT locations under this
framework. This multi-location, multi-season testing
ensures rigorous evaluation of genotypic performance
under varied environmental conditions. Only hybrid
lines that consistently meet NCT’s stringent criteria
are recommended for varietal release by the National
Seed Industry Council (NSIC) and approved for
commercial cultivation. This system is intended to
ensure yield stability of new hybrids under favorable
environments (Shakhatreh et al., 2001).

Ten hybrid genotypes were evaluated under this
protocol across the 2017 WS, 2018 DS, and 2018 WS
seasons. These trials were conducted at 18 sites,
generating 35 environment-specific data points (Table
1). Comprehensive data wrangling was undertaken to
ensure accurate dataset organization, allowing for
reliable, efficient, and unbiased GEI analysis.

The hybrid rice genotypes were assigned codes G1
through G10 to maintain confidentiality. This coding
was necessary because the evaluated lines were pre-
commercial and lacked official wvarietal names,
accession numbers, or registered identities. Most of
these lines are under development by private breeding
companies, and confidentiality is required to protect
intellectual property rights.
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Table 1. Test sites of hybrid Group 1 during three seasons (2017 WS, 2018

DS, and 2018 WS).

Location 2017 WS 2018DS 2018 WS
PhilRice site in Agusan del Norte E1 - E1
PhilRice Bicol E2 E1 E3
Bohol APC E3 - E2
PhilRice CES E4 E2 E4
CMU Musuan, Bukidnon E5 - -
Hagonoy, Davao del Sur - E3 E3
INREC, Dingras, llocos Norte E6 E4 E7
Dingras, llocos Norte - - E6
PhilRice Isabela E7 - E8
Southern Leyte - E5 E9
PhilRice Midsayap - - E10
PhilRice Negros - E6 -
PhilRice site in Agusan del Sur - E7 E11
PREC Sta. Barbara, Pangasinan - E8 -
SCRC Cagayan E8 E9 E12
VSU Leyte E9 E10 E13
DA-WESCIARC E10 E11 E14
*E- environment

*L- location

*LxS- location x season code

*Hybrid group 1 tested in 10 sites during 2017 WS, 11 in 2018 DS, and 14 in 2018 WS.

Statistical design — refer to hybrid protocol

Only data from test sites with a coefficient of
variation (CV) less than 20% and a coefficient of
determination (r?) greater than 0.5 were included in
the analysis. Per-season analysis was conducted to
determine the adaptability of specific genotypes to
particular environments, while across-season (AS)
analysis was used to assess stability over all three
cropping seasons. The AMMI and GGE models were
employed to generate graphical representations and to
interpret genotype responses across environments.

Results and Discussion

Yield prediction and estimation in this study were
based on multi-location trials conducted with limited
experimental data. These trials help determine yield
stability across environments and provide reliable
guidance for selecting the best genotypes or
agronomic treatments for future planting seasons and
expansion into new areas (Crossa, 1990). Building on
Crossa’s work, key agronomic strategies for future
plantings emphasize the importance of multi-location
testing, analysis of genotype X environment (GXE)
interactions, and stability assessments. These
approaches support the identification of robust and
high-performing genotypes under diverse conditions.

Ssemakula and Dixon (2007) demonstrated the
importance of GXE interaction (GEI) in genotype
evaluation and breeding programs. Hybrid genotypes
often exhibit distinct performance across different

locations, with variations attributed to the interaction
between genotype and environment (Martin, 2000).
The existence of GEI complicates the evaluation,
selection, and recommendation of hybrids in rice
ecosystems (Ebdon and Gauch, 2002).

The yield performance of genotypes varied
significantly across environments, as reflected by a
statistically significant interaction (p < 0.0001).
Analysis of variance (ANOVA) showed that the main
effects including genotype, environment, and GEI
were all highly significant (p <0.0001) across all three
seasons and across seasons (AS), except for GEI
during the 2018 wet season (2018 WS) (Table 2). A
significant GEI suggests that the yield performance of
genotypes is inconsistent across environments
(Manigbas et al., 2019). Despite the insignificant GEI
in 2018 WS, data from that season were still included
in the AMMI and GGE biplot analyses to capture and
compare trends across all three seasons.

The AMMI model and GGE biplot captured GEI
effectively, with combined principal component
scores (PC1 and PC2) explaining more than 50% of
the G+GE variation across yield trials. This level of
variation was sufficient for the models to explain GEI
and generate mega-environments (Manigbas et al.,
2016). Partitioning the sum of squares further showed
that environmental effects accounted for 88.2% of
total variation, while genotype and GEI contributed
1.4% and 10.3%, respectively.
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Table 2. Analysis of variance of the 10 genotypes across environments in 2017 WS, 2018 DS, and 2018 WS.

Sum of Squares

Source of Variation DF Sum of Squares Mean Square Fvalue PR>F (%)
2017 WS

G 9 19506826.5 2167425.2 6.8 <.0001 1.9
E 9 870416493.8 96712943.8 302.3 <.0001 85.4
REP 2 392508.9 196254.5 0.6 0.5425 0.0
G*E 81 128694638.9 1588822.7 5.0 <.0001 12.6
AMMI Analysis

PC1 17 61662696 3627217 6412.68 0 47.9
PC2 15 22425992 1495066 2643.18 0 17.4
GGE Biplot Analysis

PC1 17 61672449 3627791 6413.7 0 41.6
PC2 15 39024317 2601621 4599.5 0 26.3
Residuals/Error 198 63347995 319939

2018 DS

G 9 52888722 5876525 9.0 <.0001 3.7
E 10 1233692376 123369238 189.0 <.0001 85.3
REP 2 2617565 1308783 2.0 0.1372 0.2
G*E 90 156481964 1738688 2.7 <.0001 10.8
AMMI Analysis

PC1 18 77194169 4288565 5308.6 0 48.3
PC2 16 26810699 1675669 2074.2 0 16.8
GGE Biplot Analysis

PC1 18 112924617 6273590 7765.7 0 53.5
PC2 16 31266265 1954142 2418.9 0 14.8
Residuals/Error 208 135746749 652629

2018 WS

G 9 31612224 3512469 4.7 <.0001 2.0
E 13 1449290860 111483912 149.4 <.0001 89.6
REP 2 390880 195440 0.3 0.7698 0.0
G*E 117 137113543 1171911 1.6 0.0014 8.5
AMMI Analysis

PC1 21 47981778 2284847 2644.7 0 35.0
PC2 19 30532486 1606973 1860.1 0 22.3
GGE Biplot Analysis

PC1 21 51298810 2442800 2827.6 0 304
PC2 19 37772125 1988007 2301.1 0 22.4
Residuals/Error 278 207492011 746374

Across Season

G 9 57894385 6432709 7.96 <.0001 1.4
E 31 3593566054 115921486 143.39  <.0001 89.5
REP 2 2076183 1038092 1.28 0.2775 0.1
G*E 279 418763471 1500944 1.86 <.0001 10.4
AMMI Analysis

PC1 42 153951330 3665508 4076.8 0 32.7
PC2 40 97429377 2435734 2709.0 0 20.7
GGE Biplot Analysis

PC1 42 168704746 4016780 4467.5 0 32.0
PC2 40 97774143 2444354 2718.6 0 18.5
Residuals/Error 718 580439211 808411

*G- genotype, E-environment

Environmental effects accounted for a substantial portion of total yield variation: 85.4% in 2017 WS, 85.3% in 2018 dry season (2018 DS), 89.6% in 2018 WS, and 89.5%
across seasons (AS). These results indicate a high level of environmental diversity among test locations. A significant GEI further suggests differences in genotypic
responses to varying environments (Asfaw et al., 2009; Manigbas et al., 2019). In contrast, genotype contributed only a small percentage to the variation—1.9% in 2017
WS, 3.7% in 2018 DS, 2.0% in 2018 WS, and 1.4% across seasons. A small genotypic contribution implies low efficiency of indirect selection for improving yield potential
(Manigbas et al., 2016).
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2017 WS Yield Performance and Stability
of Hybrid Genotypes AS (AMMI analysis)

Table 3 presents the ranking of genotypes based on
mean yield, AMMI Stability Value (ASV), and Yield
Stability Index (YSI). AMMI analysis showed that G7
had the highest yield at 6.1 t ha! while G2 was the
most stable genotype based on ASV. Notably, G3
ranked first as the most stable and high-yielding
genotype across 10 locations during 2017 WS based
on YSL

Table 3. Ranking of genotypes based on YSI, ASV, and mean
yield in 2017 WS.

Genotype YSI ASV Mean Yield
Rank Value Rank Value Rank (t ha')

G3 1 4 2 23.81 2 6080.13
G7 2 5 4 33.67 1 6183.63
G2 3 7 1 8.56 6 5550.00
G4 4 8 5 57.35 3 5821.03
G1 5 10 3 33.32 7 5521.20
G5 6 12 7 69.94 5 5594.03
G10 7 13 9 87.38 4 5730.20
G8 8 15 6 67.78 9 5465.70
G6 9 18 8 73.99 10 5409.63
G9 9 18 10 90.78 8 5466.50

*YSI- yield stability index
*ASV- AMMI stability value

Figure 1 shows the AMMI1 biplot illustrating the
yield and PC1 scores of genotypes and environments.
The vertical axis indicates interaction differences
while the horizontal axis reflects the main effects of
genotypes and environments (Asfaw et al., 2009;
Manigbas et al., 2016; Manigbas et al., 2019).
Genotypes and environments located on the right side
of the ordinate tend to exhibit higher yields (Tariku et
al., 2013).

In general, the high-yielding genotypes in 2017
WS were G3, G4, G7, and G10. These genotypes
performed well in environments such as PhilRice
Bicol, Albay (E2); Bohol-APC, Bohol (E3); PhilRice
CES, Nueva Ecija (E4); WESVIARC, Iloilo (E10);
and PhilRice Isabela (E7). Conversely, genotypes G1,
G2, G5, G6, G8, and G9 had lower yields, as did
environments including PhilRice site in Agusan del
Sur, Agusan del Norte (E1); CMU, Bukidnon (ES5);
INREC, Ilocos Norte (E6); SCRC, Cagayan (E8); and
VSU, Leyte (E9) (Figure 1).

Genotypes and environments with large positive
or negative PCl scores demonstrated strong
interactions while those with scores near zero were
considered stable across environments. Genotypes
with high yield but located far from zero along the
interaction axis were deemed suitable only under
favorable conditions (Tariku et al., 2013; Manigbas et

Interaction effects on hybrid rice grain yield

al., 2016; Manigbas et al., 2019). Atakora et al. (2023)
also noted that PC scores near zero indicate stability,
whereas larger deviations indicate  stronger
interactions.

G10 and G4 were high-yielding genotypes but
were only suitable under favorable conditions.
Environments such as PhilRice Bicol (E2) and Bohol
APC (E3) were identified as stable and high-yielding
while PhilRice Agusan (E1) and INREC (E6) were
stable low-yielding environments. G3, as supported
by the YSI ranking (Table 3), was high-yielding and
stable across environments. Genotype G2
demonstrated wide adaptation with PC scores near
zero (Figure 2). Specific genotype-environment
adaptations were also observed: G10 to CMU (EY),
G8 to SCRC (E8), G3 to PhilRice CES (E4), and G7
to PhilRice Isabela (E9).

Identification of Most Discriminating and Most
Representative Environment (GGE Biplot
Analysis)

Figure 3 presents the GGE biplot, showing
relationships among environments based on yield
performance. The length of the environment vectors
indicates their discriminating ability (Yan and Tinker,
2006; Manigbas et al., 2016). PhilRice Isabela (E7)
was the most discriminating environment, followed
by CMU (ES), PhilRice CES (E4), and VSU, Leyte
(E9). Less discriminating environments included
Bohol-APC (E3), INREC (E6), PhilRice Agusan (E1),
PhilRice Bicol (E2), WESVIARC (E10), and SCRC
(EB).
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APC, Bohol; E4- PhilRice CES, Nueva Ecija; E5- CMU, Bukidnon; E6-
INREC, llocos Norte; E7- PhilRice Isabela; E8- SCRC, Cagayan; E9- Visayas
State University (VSU), Leyte; and E10- WESVIARC, lloilo

2Genotypes 1-10 (G1-G10); Environment 1-10 (E1-E10).

Figure 1. The AMMI1 Biplot showing the main and interaction
(PC1) effects of genotypes and environment on mean yield in
2017 WS.
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AMMI Biplot for YIELD
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University (VSU), Leyte; E10- WESVIARC, lloilo
2Genotypes 1-10 (G1-G10); Environment 1-10 (E1-E10).

Figure 2. AMMI Biplot model shows PC1 and PC2
contributed to 65.3% of the GEI total variation of 10
genotypes and 10 environments in 2017WS.

The “what-won-where” biplot of the GGE model
is considered one of the most effective tools for
analyzing GEI patterns (Gauch and Zobel, 1997,
Manigbas et al., 2016). Demelash (2024) emphasized
that this type of analysis effectively identifies the top-
performing  genotypes  within each  mega-
environment, allowing for efficient genotype
evaluation across fewer but more relevant testing
zones.

Based on the biplot (Figure 4), genotypes were
spread across six sections, while environments were
grouped into five. The first section, comprising
PhilRice Agusan (E1), PhilRice Bicol (E2), PhilRice
CES (E4), VSU (E9), and WESVIARC (E10), had G3
and G7 as the top performers, consistent with the yield
response plot (Figure 5). G4 was specifically adapted
to PhilRice Isabela (E7), forming the second section.
The third section included Bohol APC (E3) and
INREC (E6), with G6 and G5 as the highest yielding
genotypes. G9 and G10 were specifically adapted to
SCRC (E8) and CMU (ES), respectively. The
observed biplot pattern supports the recommendation
of genotypes tailored for each environmental section.
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Figure 3. GGE Biplot showing the relationship among test
environments based on yield (2017 WS).
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PC1=41.6%; FCI=06.3%

E4

FC1

Figure 4. The GGE what-won-where biplot showing GEI of
10 genotypes over 10 environments. Genotypes 1-10 (G1-
G10); Environment 1-10 (E1-E10) in 2017 WS.
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Response Plot of YIELD
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Figure 5. Yield response plot of 10 genotypes over 10 environments in 2017 WS. Genotypes 1-10 (G1-G10);

Environment 1-10 (E1-E10).

2018 DS Yield Performance and Stability of
Hybrids Genotypes Across Environments
(AMMI analysis)

The Additive Main Effects and Multiplicative
Interaction (AMMI) analysis showed that genotype
G10 attained the highest mean yield at 7.56 t ha’,
whereas G3 was identified as the most stable genotype
based on the AMMI Stability Value (ASV). Moreover,
when both yield and stability were considered using
the Yield Stability Index (YSI), G3 ranked first among
all tested genotypes across 11 environments during
the 2018 dry season (Table 4).

Table 4. Ranking of genotypes based on mean yield, ASV,
and YSIin 2018 DS.

Genotype YSI ASV Mean Yield
Rank Value Rank Value Rank (t ha")
2018DS
G3 1 5 1 15.32 4 6687.12
G8 2 7 4 37.35 3  6730.36
G2 3 9 7 85.85 2 6877.79
G10 3 9 8 93.38 1 7560.52
G9 4 10 3 29.32 7  6358.79
G6 5 1 5 47.44 6  6531.33
G7 5 1 6 69.75 5  6593.05
G1 6 12 2 2526 10 6028.15
G5 7 18 9 95.09 9 6316.17
G4 7 18 10 98.31 8  6357.50

*YSI- yield stability index
*ASV- AMMI stability value

High-yielding environments included PhilRice
Bicol (El), PhilRice CES, Nueva Ecija (E2),

Hagonoy, Davao del Sur (E3), Southern Leyte (ES),
and SCRC, Cagayan (E9). In contrast, low-yielding
environments were observed in INREC, Ilocos Norte
(E4), PhilRice Negros (E6), Agusan del Sur (E7),
PREC, Pangasinan (E8), VSU, Leyte (E10), and
WESVIARC, lIloilo (E11). Among these, PhilRice
Bicol (E1) was a consistently high-yielding and stable
environment, while WESVIARC, Iloilo (E11)
represented a stable but low-yielding site (Figure 6).

Genotype G3 was consistently high-yielding and
stable, as evidenced by its top YSI ranking (Table 4).
While genotypes G2, G8, and G10 also demonstrated
high yields, their performance was notable only under
favorable conditions. In contrast, genotypes G1, G4,
G5, G6, and G9 showed relatively low yields across
the test locations.
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Figure 6. The interaction (PC1) effects of genotypes and
environment on mean yield based on the AMMI Biplot in
2018DS. Genotypes 1-10 (G1-G10); Environment 1-11(E1-E11).
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Identification of Most Discriminating and Most
Representative Environment (GGE Biplot
Analysis)

Based on the GGE biplot, Hagonoy, Davao del Sur
(E3) was identified as the most discriminating
environment, followed by VSU, Leyte (E10),
PhilRice Negros (E6), WESVIARC, Iloilo (E11), and
PhilRice CES, Nueva Ecija (E2). In contrast, Agusan
del Sur (E7), PhilRice Bicol (E1), SCRC, Cagayan
(E9), Southern Leyte (ES), INREC, Ilocos Norte (E4),
and PREC, Pangasinan (E8) were identified as less
discriminating (Figure 7).

The “which-won-where” GGE biplot (Figure 8)
divided the genotypes and environments into distinct
sectors. PhilRice Negros (E6) and PREC, Pangasinan
(E8) formed one section where G7 emerged as the
highest-yielding genotype. Another sector included
PhilRice Bicol (El), Hagonoy (E3), INREC (E4),
Southern Leyte (E5), SCRC (E9), VSU (E10), and
WESVIARC (E11), with G10 as the top-performing
genotype. The remaining section grouped PhilRice
CES (E2) and Agusan del Sur (E7), where G4 and G5
performed best. These patterns of genotype
adaptability were consistent with the observed yield
responses (Figure 9).
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Figure 7. Demonstration of GGE Biplot on the relationship
among test environments based on yield in 2018 DS.
Genotypes 1-10 (G1-G10); Environment 1-11 (E1-E11).

Figure 8. The GGE what-won-where biplot showing GEI of
10 genotypes over 11 environments in 2018 DS. Genotypes
1-10 (G1-G10); Environment 1-11 (E1-E11).
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Figure 9. The response plot of 10 genotypes over 11 environments based on yield in 2018 DS. Genotypes 1-10

(G1-G10); Environment 1-11 (E1-E11).
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2018 WS Yield Performance and Stability
of Hybrid Genotypes Across Environments
(AMMI analysis)

Genotype G2 achieved the highest mean yield at
6.55 t ha! during the 2018 wet season based on yield
ranking. However, G6 emerged as the most stable and
high-yielding genotype when both ASV and YSI
results were considered across 14 test environments
(Table 5).

Environments with consistently high yields
included PhilRice Agusan (El), Bohol APC (E2),
Hagonoy, Davao del Sur (E5), PhilRice Isabela (ES),
Agusan del Sur (E11), and WESVIARC, Iloilo (E14).
Conversely, low-yielding environments included
PhilRice Bicol (E3), PhilRice CES (E4), Dingras,
Ilocos Norte (E6), INREC, Ilocos Norte (E7),
Southern Leyte (E9), PhilRice Midsayap (E10),
SCRC, Cagayan (E12), and VSU, Leyte (E13).
Among these, PhilRice Agusan (E1) was recognized
as a stable high-yielding site, while PhilRice
Midsayap (E10) and VSU, Leyte (E13) were stable
low-yielding environments (Figure 10).
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Figure 10. AMMI1 Biplot showing the main and interaction
(PC1) effects of genotypes and environment on mean yield in
2018 WS. Genotypes 1-10 (G1-G10); Environment 1-14(E1-
E14).

Genotypes G2, G4, G6, and G10 were classified as
high-yielding, while G1, G7, G8, and G9 were low-
yielding. Based on the YSI ranking, G6 was
confirmed as the most stable and high-yielding
genotype (Table 5).

Identification of Most Discriminating and
Most Representative Environment (GGE
Biplot Analysis) "'

In the GGE biplot analysis for 2018 WS, Bohol-
APC (E2) emerged as the most discriminating
environment, followed by INREC, Ilocos Norte (E7),

Interaction effects on hybrid rice grain yield

Table 5. Ranking of genotypes based on mean yield, ASV,
and YSIin 2018 WS.

Genotype YSI ASV Mean Yield
Rank Value Rank Value Rank (tha')

2018 WS

G6 1 4 1 7.74 3 6553.24
G2 2 5 4 23.88 1 6753.43
G4 3 7 3 13.08 4 6517.60
G3 4 1 6 25.99 5  6490.98
G10 4 11 9 43.53 2  6692.67
G1 5 12 2 11.21 10 5856.57
G5 6 13 7 35.75 6  6430.00
G8 7 14 5 24.70 9 5968.76
G9 8 16 8 38.41 8  6299.50
G7 9 17 10 78.77 7 6326.00

*YSI- yield stability index
*ASV- AMMI stability value

PhilRice Isabela (E8), Dingras, Ilocos Norte (E6), and
Agusan del Sur (E11). Less discriminating
environments included PhilRice Agusan (El),
PhilRice Bicol (E3), PhilRice CES (E4), Hagonoy
(ES), Southern Leyte (E9), PhilRice Midsayap (E10),
SCRC (E12), VSU (E13), and WESVIARC (E14)
(Figure 11).

The “which-won-where” biplot (Figure 12) and
the corresponding genotype response plot (Figure 13)
divided genotypes into four groups and environments
into three sectors. The first group showed specific
adaptation of G1 to PhilRice Agusan (E1). The second
group included environments such as PhilRice CES
(E4), Dingras (E6), INREC (E7), PhilRice Isabela
(E8), PhilRice Midsayap (E10), Agusan del Sur (E11),
SCRC (E12), and WESVIARC (E14), where G4, G5,
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Figure 11. GGE Biplot showing the relationship among test
environments based on yield in 2018 WS. Genotypes 1-10
(G1-G10); Environment 1-14 (E1-E14).
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Interaction effects on hybrid rice grain yield

and G8 demonstrated superior performance. In the
third group, G7 emerged as the highest yielding
genotype in PhilRice Bicol (E3), Hagonoy (ES), and
Southern Leyte (E9).

What-won-where Biplot for YIELD
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Figure 12. GGE what-won-where biplot showing GEI of 10
genotypes over 14 environments in 2018WS. Genotypes 1-
10 (G1-G10); Environment 1-14 (E1-E14).

Yield Performance and Stability of Hybrid
Group 1 Genotypes Across Environments
(AMMI analysis)

Across seasons, the genotype-by-environment
interaction (GEI) analysis for Hybrid Group 1 involved
data from 35 environments (Table 6), consisting of 10
locations in the 2017 WS; 11, 2018 DS; and 14, WS.

Table 6. Test sites of hybrid Group 1 across season 2017
WS, 2018 DS, and 2018 WS.
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Results from the NCT-Hybrid trials showed that
genotype G3 was the most stable and high-yielding
genotype. It ranked first in both the Yield Stability
Index (YSI) and the AMMI Stability Value (ASV), and
third in terms of mean yield (Table 7).

Table 7. Ranking of genotypes based on YSI, ASV, and mean
yield, across seasons (2017 WS, 2018 DS & WS).

YSI ASV Mean Yield

Genotype

Rank Value Rank Value Rank (it ha')
Across Season
G3 1 1 1323 3 6435.24
G2 2 3 219 2 6448.68
G9 3 10 2 2100 8 6080.13
G10 4 1 10 7887 1 6690.43
G6 4 11 5 4037 6 6219.61
G4 5 13 8 6256 5 6268.26
G7 5 13 9 6620 4 6369.25
G1 6 14 4 2211 10 5814.68
G5 6 14 7 5996 7 6155.38
G8 7 15 6 4750 9 6064.39

*YSI- yield stability index
*ASV- AMMI stability value

Figure 13 presents the AMMI Model 1 biplot for
the 10 hybrid genotypes. Among the genotypes, G2,
G3, G7, and G10, along with 13 environments -
namely, E2 (PhilRice Agusan; 2018 WS), ES5
(PhilRice Bicol; 2018 DS), E7 (Bohol-APC; 2018
WS), E9 (PhilRice CES; 2018 DS), E12 and E13
(Hagonoy, Davao del Sur; 2018 DS and 2018 WY),
E18 and E19 (PhilRice Isabela; 2017 WS and 2018
WS), E20 (Southern Leyte; 2018 DS), E25 (Agusan
del Sur; 2018 WS), E28 (SCRC, Cagayan; 2018 DY),
and E33 and E35 (WESVIARGC, Iloilo; 2017 WS and
2018 WS) - were situated on the right side of the grand
mean, signifying high-yielding genotypes and
environments. In contrast, low-yielding genotypes
and environments appeared on the left side of the
grand mean (Figure 14).

The AMMII analysis categorized the hybrid
genotypes into three distinct groups based on yield
performance and stability: (1) the most stable and
high-yielding genotype (G3); (2) less stable but high-
yielding genotypes (G2, G7, and G10); and (3) low-
yielding genotypes (G1, G4, G5, G6, G8, and G9).

Identification of Most Discriminating and Most
Representative Environment (GGE Biplot
Analysis)

Among the test environments, E12 (Hagonoy,
Davao del Sur; 2018 DS) emerged as the most
discriminating site, followed by E31 (VSU, Leyte;
2018 DS), E11 (CMU, Bukidnon; 2017 WS), E23
(PhilRice Negros; 2018 DS), and E18 (PhilRice
Isabela; 2017 WS), as shown in Figure 15.
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Figure 13. Response plot of yield of 10 genotypes over 14 environments across seasons. Genotypes 1-10 (G1-G10);

Environment 1-14 (E1-E14).
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Figure 14. AMMI1 Biplot showing the main and interaction
(PC1) effects of genotypes and environment on mean yield
across seasons. Genotypes 1-10 (G1-G10); Environment 1-
35 (E1-E35).

The genotype-by-environment interaction pattern
is further illustrated in the “which-won-where” GGE
biplot (Figure 16) and corresponding response plot
(Figure 17). Genotypes and environments were
distributed across four distinct sectors. In the first
sector, G10 was the top-performing genotype at
multiple locations: E12 (Hagonoy; 2018 DS), E31 and
E32 (VSU, Leyte; 2018 DS and 2018 WS), E34 and
E35 (WESVIARC, lloilo; 2018 DS and 2018 WS), E2
(PhilRice Agusan; 2018 WS), E4 and ES5 (PhilRice
Bicol; 2017 WS and 2018 DS), E22 (PhilRice
Midsayap; 2018 WS), E28 (SCRC, Cagayan; 2018
DS), and E25 (Agusan del Sur; 2018 WS).

*G-genotypes, E-environment

Figure 15. GGE Biplot showing the relationship among test
environments based on yield. Genotypes 1-10 (G1-G10);
Environment 1-35 (E1-E35).

The second sector comprised E7 (Bohol APC;
2018 WS), E8 (PhilRice CES; 2017 WS), EI3
(Hagonoy, Davao del Sur; 2018 WS), E30 (VSU;
2017 WS), E23 (PhilRice Negros; 2018DS), El11
(CMU, Bukidnon; 2017 WS), E21 (Southern Leyte;
2018 WS), E26 (PREC, Pangasinan; 2018 DS), E6
(PhilRice Bicol; 2018 WS), E27 (SCRC, Cagayan;
2017 WS), E1 (PhilRice Agusan; 2017 WS), and E16
(INREC, TIlocos Norte; 2018 DS), where G7 was
identified as the top-yielding genotype.

Genotype G1 showed specific adaptation to E18
(PhilRice Isabela; 2017 WS), which occupied the
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Figure 16. The GGE what-won-where biplot showing GEIl of 10

genotypes over
Environment 1-35 (E1-E35).
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Figure 17. The yield response plot of 10 genotypes over 14 environments. Genotypes 1-10 (G1-G10); Environment

1-35 (E1-E35).

third sector of the biplot. The fourth sector included
E19 (PhilRice Isabela; 2018 WS), E17 (INREC,
Ilocos Norte; 2018 WS), E9 and E10 (PhilRice CES;
2018 DS and 2018 WS), E24 (Agusan del Sur;
2018DS), E33 (WESVIARC, Iloilo; 2017 WS), E3
(Bohol APC; 2017 WS), and E14 (Dingras, Ilocos
Norte; 2018 WS), where G4 and G5 were the highest
yielding genotypes.

The most high-yielding and stable environmental
sites were E2 (Agusan del Norte; 2018 WS), ES
(Bicol; 2018 DS), E13 (Hagonoy, Davao del Sur;
2018 WS), E20 (Southern Leyte; 2018 DS), E28
(SCRC, Cagayan; 2018 DS), and E35 (WESVIARC,
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Iloilo; 2018 W), as illustrated in Figures 18 and 20.
The consistently high-yielding genotypes were G2,
G7, and G10 while G3 demonstrated the highest yield
stability and a strong mean yield of 6.4 t ha™! with an
ASV of 13.23.

Figure 19 shows the vector lengths, which indicate
the discriminating ability of each environment. Among
these, E12 (Hagonoy, Davao del Sur; 2018 DS)
exhibited the strongest discriminating power, followed
by E31 (VSU, Leyte; 2018 DS), E11 (CMU, Bukidnon;
2017 WS), E23 (Negros; 2018 DS), and E18 (Isabela;
2017 WS). Environments with vectors close to zero are
considered the most representative sites.



Nitrogen-Silicon Fertilization Effects on Rice Yield
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Figure 18. The AMMI1 Biplot showing the main and interaction (PC1)
effects of genotypes and environment on yield.

GGE Biplot-Environment View for YIELD
PC1=32%: PC2=18.5%

. - ~

1000 2000
1

-1000
1

PC2

-4000
1

,,_
8
o
g

-2000 -1000 ] 10

PC1

Figure 19. The GGE Biplot indicating the relationship among test
environments based on yield.
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Figure 20. Response plot yield of 10 genotypes over 35 environments.
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Furthermore, G10 performed best at the following
locations: E31 and E32 (VSU, Leyte; 2018 DS and
2018 WS), E12 (Hagonoy, Davao del Sur; 2018 DS),
E34 and E35 (WESVIARC, Iloilo; 2018 DS and 2018
WS), E2 (Agusan del Norte; 2018 WS), E28 (SCRC,
Cagayan; 2018 DS), E22 (Midsayap; 2018 WS), and
E4 and ES5 (Bicol; 2017 WS and 2018 DS). Similarly,
G7 was the top-yielding genotype at E7 (Bohol APC;
2018 WS), E8 (PhilRice CES; 2017 WS), E30 (VSU;
2017 WS), E13 (Hagonoy; 2018 WS), E20 (Southern
Leyte; 2018 DS and 2018 WS), E26 (PREC,
Pangasinan; 2018 DS), E6 (Bicol; 2018 WS), E27
(SCRC, Cagayan; 2017 WS), E1 (Agusan del Norte;
2017 WS), E16 (INREC, Ilocos Norte; 2018 DS), E11
(CMU; 2017 WS), and E23 (Negros; 2018 DS).
Genotype Gl was specifically adapted to EI18
(Isabela; 2017 WS) while genotypes G4 and G5
yielded highest in E9 and E10 (PhilRice CES; 2018
DS and 2018 WS), E24 (Agusan del Sur; 2018 DS),
E17 (INREC; 2018 WS), E19 (Isabela; 2018 WS),
E33 (WESVIARC; 2017 WS), and E3 (Bohol; 2017
WS).

Conclusion

The test environments in this study exhibited
significant diversity, and the presence of notable
genotype-by-environment interaction (GEI)
underscores the varying responses of genotypes to
different environmental conditions, as shown in the
ANOVA results. Genotype G3 emerged as the most
stable and high-performing entry across multiple
locations and seasons. Meanwhile, G1 demonstrated
specific adaptation to the E19 site in Isabela,
emphasizing the importance of localized selection in
rice breeding programs.

Understanding GEI provides deeper insights into
the range of environmental stresses faced across NCT
sites and helps pinpoint genotype-specific responses
to these challenges.

In the 2017 wet season, G7 posted the highest
average yield at 6.10 t ha!, while G2 was the most
stable genotype based on the AMMI Stability Value
(ASV). However, G3 topped the Yield Stability Index
(YSI), indicating its strong balance of high yield and
stability across 10 sites.

During the 2018 dry season, G10 had the highest
yield (7.56 tha'), but G3 again proved the most stable
genotype. G3 also ranked first in YSI, confirming its
adaptability across the 11 test locations.

In the 2018 WS, G2 achieved the highest mean
yield at 6.55 t ha!. However, G6 emerged as the most
stable and high-yielding genotype when both ASV
and Y SI were considered, across 14 sites.
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Thirty-five environments - 10 from 2017 WS, 11
from 2018 DS, and 14 from 2018 WS - were evaluated
in this multi-season analysis. Across these varied
conditions, G3 consistently ranked highest in both
ASV and YSI. While it placed third in mean yield, its
overall performance underscores its potential for
varietal release due to its adaptability and consistent
stability.

These findings highlight the importance of
understanding  genotype-specific  responses  to
environmental conditions in breeding programs. They
also point to the need for deeper, statistically rigorous
analyses in multi-location trials. For more effective
varietal recommendations under the major rice-
producing area (MRPA) framework, selection
decisions must be supported by broad, evidence-based
datasets.
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ON IMPROVING NUTRIENT AVAILABILITY AND GRAIN YIELD
OF RICE (ORYZA SATIVAL.)

. A . . A .
Kim ANGELO B. GoNzALES', MARIA Luisa T. MasoN!, JAYVEE C. Kitma?', ANp JAN Nico A. LAZARO?,

!Central Luzon State University, Science City of Mufioz, Nueva Ecija
*Philippine Rice Research Institute, Science City of Mufioz, Nueva Ecija
*Corresponding Author: jayveeacruz@gmail.com

Abstract

Improper fertilizer management limits rice productivity. The combined application of nitrogen (N) and silicon
(Si) enhances rice growth, stress tolerance, and yield. This study evaluated the influence of Si (with and without)
under varying N levels (0%, 50%, and 100%) on NSIC Rc160 in a screenhouse experiment. Parameters examined
included soil chemical properties, silicon uptake, plant NPK levels, and grain yield.

Initial soil analysis revealed high nitrogen (0.15%) and phosphorus (24.9 ppm) levels. After harvest, nitrogen
remained high (0.15-0.16%), while phosphorus increased significantly, ranging from 29.7 to 34.6 ppm. Potassium
improved from an initial 13.1 ppm to 55.8-66.6 ppm across treatments, suggesting effective N—Si interaction in
enhancing potassium uptake. Scanning Electron Microscopy (SEM) of Treatment S2N2 (with Si; 50% N) revealed
well-developed silica bodies and protective structures in Si-treated leaves. Although plant tissue N content
remained low (0.42—0.50%), likely due to grain filling, phosphorus and potassium levels were maintained within
optimal ranges. The highest number of filled grains was observed in Treatment S2N3 (with Si; 100% N), recording
941 grains and outperforming all non-Si treatments at every nitrogen level. Silicon showed minimal influence on
1,000-grain weight, indicating that its role may be synergistic with nitrogen and other factors in supporting grain
yield. The results highlight a promising interaction between N and Si in improving nutrient uptake and
productivity. However, further field validation is needed to confirm these effects under diverse growing conditions
and to understand the mechanisms underlying enhanced soil nutrient availability and yield improvement in rice.

Keywords: nitrogen, silicon, rice, scanning electron microscopy, yield

Introduction

Rice is the staple food of more than 1.3 billion
people in Asia, including millions of Filipinos who
rely on it as a constant part of their diet (Mamiit et al.,
2021; Cuong et al., 2017). The demand for rice
continues to increase, yet production faces ongoing
challenges due to limited access to technologies, low
crop profitability, and poor soil and crop management
practices. Additionally, the continued use of low-
yielding cultivars hampers productivity growth in the
rice sector (Datta et al., 2017).

Although rice output has seen dramatic increases
in recent decades, the challenge remains: improving
yield per unit area while reducing the environmental
impact (Lobell et al., 2009). Addressing this issue
requires both improved management and more
efficient nutrient use.

Nitrogen (N) is a key nutrient in rice cultivation,
essential for  chlorophyll synthesis and
photosynthesis, which influence the number and size
of leaves, internode length, and overall vegetative
growth (Zhu et al., 2017; Riitting et al., 2018; Wang et
al., 2022). Nitrogen enhances both grain yield and
food quality.

Silicon (Si), although considered a beneficial
rather than essential element, has proven value in rice
cultivation. It increases resistance to pests and
diseases (Sarma et al., 2019; Kumar and Bhandari,
2022), and improves tolerance to abiotic stresses such
as drought and strong winds (Epstein, 2009; Guntzer
et al.,, 2012; Cuong et al., 2017). Application of Si
fertilizer results in stronger cell walls, thicker culm
tissues, larger vascular bundles, and higher peroxidase
activity - factors that enhance stress resilience and
help prevent lodging (Ma and Takahashi, 2002;
Chaiwong and Prom-U-Thai, 2022).

Despite its abundance in nature, Si is often found in
insoluble forms. Common sources include slags from
the iron and alloy industries, calcium silicates (e.g.,
wollastonite), and thermophosphate fertilizers (Gascho,
2001). For high-value crops and research, more soluble
forms such as potassium silicate, sodium silicate, and
silica gel are used. The synergistic application of
nitrogen and silicon (N-Si) in rice has been shown to
enhance plant growth, grain yield, and stress resistance
through complex interactions. In this context, the
present study evaluated the effects of N—Si fertilization
on soil chemical properties, silicon uptake, NPK
nutrient levels in plant tissues, and grain yield.
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Materials and Methods
Place of the Study

The experiment was conducted in a screenhouse
located at the Agronomy, Soils, and Plant Physiology
Division (ASPPD) of the Philippine Rice Research
Institute - Central Experimental Station (PhilRice
CES), Science City of Mufioz, Nueva Ecija. Soil
analysis was performed at PhilRice CES, while plant
tissue analysis was conducted at the DA Regional
Field Office III, City of San Fernando, Pampanga.
Silicon deposition in plant tissue was evaluated
through Scanning Electron Microscopy (SEM) at the
Nanotechnology  Research and  Development
Laboratory, Central Luzon State University.

Treatments and Experimental Design

The study was laid out using a split-plot
arrangement in a randomized complete block design
(RCBD) with four replications, conducted under
screenhouse conditions. Each experimental unit
consisted of a pot filled with ten kilograms of soil. The
main plot factor was silicon application, which had
two levels: with silicon and without silicon. The
subplot factor was nitrogen, applied at three levels:
0%, 50%, and 100% of the recommended rate. These
combinations resulted in six treatment groups,
specifically designated as follows: SIN1 (without Si;
0% N), SIN2 (without Si; 50% N), SIN3 (without Si;
100% N), S2N1 (with Si; 0% N), S2N2 (with Si; 50%
N), and S2N3 (with Si; 100% N).

Silicon was applied once and incorporated directly
into the soil at the time of pot preparation. The nitrogen
treatments followed standard recommendations based
on site-specific nutrient management (SSNM)
protocols. This factorial arrangement allowed the
evaluation of individual and interactive effects of
silicon and nitrogen on rice growth and productivity
parameters.

Soil Sampling and Application of Inorganic
Fertilizer

Soil was collected from Brgy. Maligaya and
PhilRice CES at a depth of 0.5m. The samples were
pulverized, sieved using a two-millimeter mesh, and
quartered to obtain a one-kilogram sample for initial
analysis. The fertilizer application followed SSNM
guidelines and recommendations from Rice Crop
Manager tests conducted on the sampled soil.

Seedling Preparation

Rice seeds were placed in a mesh bag and heated
in an oven at 65°C for at least 5 h to break dormancy.
They were left to cool overnight in the oven. The next
day, seeds were transferred to sanitized petri dishes
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lined with moist tissue paper soaked in distilled water
for pre-germination over two days. Five pre-
germinated seeds were sown at a depth of 3 cm in
each pot containing well-puddled soil. Thinning was
done 10 days after sowing, retaining only three
healthy seedlings per pot.

Scanning Electron Microscopy

Leaf samples were collected during the
reproductive stage. Three small sections were cut
from the leaves for SEM analysis to examine silicon
deposition on the adaxial leaf surface. The analysis
was performed using a Hitachi SU3800 SEM at
1,000x magnification and an operating voltage of 5.0
kV. Focus and brightness were optimized to ensure
image clarity. Each treatment was replicated three
times.

Plant Tissue Analysis

Nitrogen content in plant tissue was determined
using the Kjeldahl method, which involves acid
digestion, distillation, and titration (Bremner, 1965).
Phosphorus content was assessed through the
development of a blue complex with ammonium
molybdate and measured at 880 nm using a
spectrophotometer (Murphy and Riley, 1962).
Potassium was measured via flame photometry or
atomic absorption spectroscopy, based on its emission
or absorption at approximately 766.5 nm (Chapman
and Pratt, 1962).

Data Analysis

All data were tabulated and analyzed using
RStudio. Analysis of variance (ANOVA) was
performed based on the split-plot design to determine
significant  differences among treatments. The
Bonferroni test was used to compare treatment means
at the 5% level of significance.

Results and Discussion
Soil Chemical Analysis

Initial and post-harvest analyses of soil nutrients
are presented in Table 1. The total nitrogen and
available phosphorus levels were initially high,
indicating that the soil was already rich in these
elements even before treatment application. After
treatment, nitrogen remained high (0.15-0.16%),
while phosphorus increased to 29.7 - 34.6 ppm across
treatments.

In contrast, potassium levels, initially low at 13.1
ppm, increased to moderate levels after treatment,
ranging from 55.8 to 66.6 ppm. The improvement in
potassium levels is likely attributable to the
synergistic effects of N and Si application, which may



have enhanced potassium availability and uptake.
This improved nutrient profile contributes to better
soil fertility and potentially higher crop performance.s

The initial soil pH was 5.9, indicating moderate
acidity. Post-treatment pH levels varied slightly:
SINI (without Si; 0% N) and SIN3 (without Si;
100% N) remained moderately acidic at 5.93 and
5.99, respectively. Treatments SIN2, S2N1, S2N2,
and S2N3 exhibited slightly acidic pH values. These
variations may be attributed to the types and amounts
of nitrogen fertilizers applied, which can acidify the
soil over time.

According to Frings et al. (2014), soil pH between
5 and 6 is generally sufficient for silicon availability,
though texture influences solubility. At a pH of 9.8,
maximum Si adsorption occurs. Sirisuntornlak et al.
(2021) reported that Si’s influence on pH is typically
non-significant, suggesting that its application is
viable across a broad pH range.

Soil organic matter (SOM) was initially very low.
After treatment, SOM ranged from 2.98% to 3.44%—
still categorized as low, though slightly improved by
N and Si application. These findings imply that Si
might contribute to moderating soil acidity and
marginally enhancing organic matter levels.

Assessment of Silicon Deposition in Rice Leaves
using SEM-EDX

Silicon deposition in the leaves of NSIC Rc 160
was examined using scanning electron microscopy

Nitrogen-Silicon Fertilization Effects on Rice Yield

(SEM) at 1,000x magnification (Figure 1). The
resulting micrographs revealed silica bodies on the
adaxial leaf surface, including papillae and stomata.
Treatments with silicon fertilizer demonstrated a well-
developed, ladder-like arrangement of silica bodies, in
contrast to the undeveloped forms observed in
treatments without silicon.

Among the silicon-treated plants, Treatment S2N2
(with Si; 50% N) (Figure 1c) displayed more
distinctly defined dumbbell-shaped silica bodies. In
these Si-treated samples, papillac and guard cells were
visible over the stomatal complex adjacent to the
dumbbell-shaped silica bodies (Figure la—d),
potentially contributing to defense against pathogens.
This observation aligns with the findings of Takahashi
et al. (2006), who reported significant silicon
deposition on papillac and trichomes. In the present
study, trichomes were noticeably more prominent and
elongated in Treatment S2N2 (with Si; 50% N)
compared to those in Treatment S2N1 (with Si;
0% N).

Rice plants absorb silicon in the form of
monosilicic acid (H,SiO,). According to Zhang et al.
(2013) and Ma and Takahashi (2002), silicon is
absorbed through the roots and gradually develops
into dumbbell-shaped or bulliform-shaped silica
bodies that align in rows along the leaf veins within
the epidermis. Active silicon uptake in rice involves
two key types of transporters, as noted by Rao and
Susmitha (2017): the influx transporters Lsil and
Lsi2, which move silicon from the root cells to the

Table 1. Effect of nitrogen and silicon fertilizer application on physicochemical properties of soil samples at initial and after
harvest. The readings are based on the soil analysis conducted in PhilRice CES, Maligaya, Science City of Mufioz, Nueva

Ecija. Ratings are from Landon (1991).

Available

Total N (%) P (ppm)

Soil samples

Available K (ppm) pH

OM (%)

Reading Rating Reading Rating Reading Rating Reading Rating Reading Rating
Initial 045  High 2491 High  13.1 Low 596  Moderately 563 Verylow
oy MOUSE 015 High 33.90 High 666 Moderaste 593 MmOV 544 Low
Sy MOUSE 016 High 30.52 High 569 Moderste 602 SightlyAcidic 344  Low
Toon N MOUSE 045 High  30.05  High 579 Moderate 599  MOEETmeN 298 Low
NoI(WIS50% 015 High 3466 High 63.1 Moderate 606 SightlyAcidic 284  Low
By ™St 015 High 3135 High 558 Moderate 601 SlghtlyAcidic 280  Low
T it St 0.5  High 2972 High 564 Moderate 6.05 Slightly Acidic 298  Low
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Figure 1. Silicon deposition on the adaxial leaf surface of NSIC Rc160 at 1,000x magnification with
different N-Si fertilization treatments; (a) STN3 (without Si; 100% N), (b) S2N1 (with Si; 0 % N), (c) S2N2

(with Si: 50 % N), and (d) S2N3 (with Si; 100 % N).

apoplast, and the efflux transporter Lsi6, which
facilitates silicon transport from large vascular
bundles.

In this study, a considerable number of papillae
were detected in treatments that received silicon.
These findings corroborate the results of Ng et al.
(2019), who found that Si-treated tissues exhibited
more papillae compared to untreated samples. The
formation of papillae - small outgrowths on plant
surfaces associated with structural reinforcement and
stress response - was enhanced by silicon application.
Ning et al. (2014) similarly reported that silicon
promoted more extensive silicification in rice leaves,
along with larger and more elaborate papillae. The
resistance of Si-treated leaves to fungal penetration
has been attributed to this elaborated papillae
formation, as discussed by Zhang et al. (2006) and Cai
et al. (2008).

Overall, SEM-EDX analysis indicates that silicon
application, particularly when combined with
nitrogen, promotes structural defense features in rice
leaves - including enhanced silica bodies, numerous
papillae, and extended trichomes. These adaptations
may strengthen the plant’s resilience to biotic and
abiotic stressors, thereby contributing to improved
plant health and potentially higher yield performance.
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Plant Tissue Analysis

The effect of silicon and nitrogen treatments on
nutrient uptake in rice plants is presented in Table 2.
Nitrogen levels in plant tissues were found to be
deficient across all treatments, ranging from 0.42% to
0.50%. This deficiency may be attributed to the
translocation of nitrogen to the developing grains
during the ripening phase, a critical stage for yield
formation. Huang et al. (2004) noted that nitrogen
absorbed during earlier growth stages is largely
translocated to the grains as the plant matures, with
about 39% of absorbed N at mid-tillering and 46% at
panicle initiation moving to the grain.

Regular monitoring of nutrient status across
growth stages is thus essential for effective nutrient
management and optimizing yield. In contrast to
nitrogen, phosphorus (P) and potassium (K) levels
were within the optimal range across all treatments,
indicating sufficient availability and efficient uptake
by rice plants.

Effects of N — Si Fertilizer in the Number of
Filled Grains and 1,000 Grain Weight of Rice

The application of 100% nitrogen in combination
with silicon resulted in the highest number of filled
grains (941), outperforming the corresponding
treatment without silicon (S1N3), which produced



891 filled grains. Similarly, Treatment S2N2 (with Si;
50% N) achieved a mean of 758 filled grains, which
was higher than Treatment SIN2 (without Si; 50% N)
with 739 filled grains. Even at 0% nitrogen, plants
treated with silicon (S2N1) recorded a greater number
of filled grains (521) than those without silicon
(SIN1), which had 486 grains (Table 3).

These results underscore the beneficial role of
silicon in improving rice yield, particularly when
applied with nitrogen. Enhanced grain filling may be
attributed to improved stress tolerance and increased
chlorophyll content, as reported by Ligaba-Osena et
al. (2020). The synergistic effect of Si and N appears
to enhance nitrogen use efficiency, contributing to
greater yield. Jawahar et al. (2015) similarly noted
that silicon fertilization promotes carbohydrate
assimilation in the panicles, increasing the number of
filled grains.

In terms of 1,000-grain weight, the treatment with
100% nitrogen and no silicon recorded a slightly
higher weight (24.2 g) compared to the treatment with
silicon and 100% nitrogen (S2N3), which had a grain
weight of 24.1 g. A similar trend was observed at the
50% nitrogen level: Treatment SIN2 (without Si) had
a mean grain weight of 24.0 g, while S2N2 (with Si)
had 23.9 g. In contrast, at 0% nitrogen, silicon-treated
plants (S2N1) recorded a higher 1000-grain weight
(23.7 g) than untreated ones (SIN1), which had 23.6
g. These results are supported by Pati et al. (2016) and
Cuong et al. (2017), who found that silicon
application can increase 1,000-grain weight.

Nitrogen-Silicon Fertilization Effects on Rice Yield

Conclusion

This study demonstrated the significant
contributions of silicon and nitrogen fertilization to
rice growth and yield, supported by soil and tissue
nutrient analyses. The initial soil assessment showed
high total nitrogen and available phosphorus levels,
with potassium increasing from a low baseline of
13.1 ppm to between 55.8 and 66.6 ppm across
treatments after harvest, indicating that the
interaction between Si and N may have enhanced K
availability. Soil pH remained suitable for rice
cultivation (5.9-6.0), although organic matter content
was low (2.9-3.4%).

Silicon deposition, observed on the adaxial leaf
surface via SEM, was most pronounced in Treatment
S2N2 (with Si; 50% N). This treatment exhibited
well-developed, ladder-like silica bodies and a greater
abundance of protective structures such as papillae
and trichomes, providing strong evidence for silicon’s
role in reinforcing rice plant defenses. Tissue analysis
showed deficient nitrogen levels (0.42-0.50%), likely
due to redistribution during grain filling, while
phosphorus and potassium remained within optimal
ranges, suggesting efficient uptake and utilization.

Yield assessments revealed that silicon application
significantly increased the number of filled grains,
particularly when combined with nitrogen. The
highest grain count (941) was recorded in Treatment
S2N3 (with Si; 100% N), outperforming its non-Si
counterpart. Si-treated plots outperformed those

Table 2. Effect of silicon and nitrogen application on nutrient uptake of rice.

Present N (%)

Present P (%) Present K (%)

Treatments
Reading Rating Reading Rating Reading Rating

S1N1 (without Si; 0% N) 0.50 Deficient 0.12 Optimum 1.64 Optimum
S1N2 (without Si; 50% N) 0.46 Deficient 0.10 Optimum 1.57 Optimum
S1N3 (without Si; 100% N) 0.47 Deficient 0.10 Optimum 1.41 Optimum
S2N1(with Si; 0% N) 0.36 Deficient 0.11 Optimum 1.67 Optimum
S2N2 (with Si; 50% N) 0.47 Deficient 0.11 Optimum 1.61 Optimum
S2N3 (with Si; 100% N) 0.42 Deficient 0.09 Optimum 1.50 Optimum

Ratings are from Landon (1991).

Table 3. Number of filled grains and weight of 1000 grains of NSIC Rc 160.

Treatments

Number of filled grains

Weight of 1,000 grains (g)

S1N1 (without Si; 0% N)
S1N2 (without Si; 50% N)
S1N3 (without Si; 100% N)
S2N1(with Si; 0% N)
S2N2 (with Si; 50% N)
S2N3 (with Si; 100% N)

486 f 23.6
739d 24.0
891b 24.2
521 e 23.7
758 ¢ 23.9
941 a 24.1

Treatments with the same letter are not significantly different.
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without Si across all nitrogen levels, indicating
improved nitrogen use efficiency and grain filling.

The results support the use of silicon as a
supplementary nutrient to enhance rice productivity
and stress resilience. Further investigation 1is
recommended to validate the performance of silicon—
nitrogen fertilization under field conditions and across
various rice cultivars. In addition, research into the
physiological ~and  biochemical = mechanisms
underlying the interaction between silicon and
nitrogen could inform the development of more
effective and sustainable nutrient management
practices for rice farming.
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Abstract

Rice production practices in the Philippines are evolving with advancements in technology and government
initiatives aimed at addressing the country’s agricultural challenges. Traditional methods like manual transplanting
have been supplemented by technologies such as mechanical transplanters and knapsack-type seeding machines.
Concurrently, manual broadcasting or line-seeding of pre-germinated seeds on wet soils is gaining popularity
among farmers. This study aimed to determine the most profitable method for achieving optimal rice growth and
potential yield. The research compared mechanical and manual transplanting with mechanical and manual direct
seeding on 0.25 ha plots replicated thrice across wet and dry cropping seasons in irrigated lowland ecosystems.
Results showed that mechanical transplanting produced the highest number of productive tillers (23), tallest plants
(109.06 cm), and highest 1,000-grain weight (25.02 g), resulting in the highest yield (5.27 t ha™'). Conversely,
manual direct seeding showed lower performance in these parameters, yielding 4.47 t ha! with 17 tillers. Cost and
return analysis indicated that mechanical direct seeding with a knapsack-type machine provided the highest return
on investment (ROI) at 64.05%. Mechanization not only reduced labor costs but also enhanced crop establishment
efficiency, contributing to a significant increase in farmer income.

Keywords: crop establishment methods, direct seeding, mechanical transplanting, manual transplanting, return of investment

Introduction

In 2018, the Philippines ranked eighth globally in
rice production, with an average annual yield of 3.83
tha'! (GYGA, 2020). Rice is predominantly cultivated
in Luzon, Western Visayas, Southern Mindanao, and
Central Mindanao. Western Visayas, for instance,
contributes 11.90% to the national production, led by
Iloilo (43%), followed by Negros Occidental (21%)
and Capiz (16%) (DA-Western Visayas, 2021). The
region’s rice sufficiency reached 122% in 2020, up
from 115% in 2019, driven by yield increases in Aklan
and Iloilo (DA-Western Visayas, 2021).

The landscape of rice production in the
Philippines is shaped by evolving technologies and
government programs designed to meet the dynamic
needs of its population. With rice serving as a staple
for the majority of the 100.98 million Filipinos,
ensuring its steady supply is crucial (Tallada, 2019).
Moreover, rice production is politically significant,
reflecting the nation’s food security status.

The Department of Agriculture — Philippine Rice
Research Institute (DA-PhilRice) advocates for
optimal seeding rates to enhance yields and reduce
production costs. Recommended rates include 40 kg
ha'! for transplanted rice and 60-80 kg ha™! for direct-
seeded rice (DA, 2022). Farmers, who previously

used 200-250 kg ha'!, now opt for 100150 kg ha,
citing these as buffers against pests such as snails and
birds (DA, 2022).

Traditional ~manual transplanting remains
widely practiced despite its labor-intensive nature,
requiring up to 30 laborers per hectare compared to
mechanized methods requiring only 1 - 2 laborers
(IRRI, 2021). However, the availability of manual
labor has dwindled, posing challenges to traditional
practices.

To address these challenges, various rice
cultivation technologies have emerged, including
mechanical transplanters and seed sowers.
Concurrently, manual broadcasting of pre-germinated
seeds on wet soils is gaining traction among farmers.

Mechanical transplanting involves planting young
rice seedlings from trays or dapog beds using self-
propelled machines capable of planting up to 2 - 3
hectares per day. This method minimizes transplant
shock, promotes uniform crop stands, and requires
less water compared to manual transplanting (DA-
PhilRice, 2021).

Direct seeding methods vary by region and season,
with dry-direct seeding common in upland and rainfed
areas, and wet-direct seeding practiced in irrigated
lowlands. Direct seeding reduces labor and crop

RICE-BASED BIOSYSTEMS JOURNAL (2024) 12: 71-78 71



Productivity and Profitability of Inbred Lowland Rice

management costs by allowing earlier maturation than
transplanted rice.

The Department of Agriculture - Western Visayas
has distributed 1,543 units of knapsack-type seed
sowers to farmer associations to address seed
shortages. These machines, powered by gasoline
engines, facilitate efficient broadcasting of seeds,
fertilizers, and pesticides (DA-Western Visayas,
2021).

This study aimed to fill gaps in research by
comparing the yield and profitability of four rice
establishment methods: manual transplanting,
mechanical transplanting, manual direct seeding, and
mechanical direct seeding. The findings can inform
future innovations and promote mechanization in rice
production.

Objectives
General Objectives:

To compare the performance of four establishment
methods in irrigated inbred lowland rice for optimal
growth and yield.

Specific Objectives:

Evaluate growth and yield parameters - plant
height, number of tillers, panicle length, filled grains,
1000-grain weight, and grain yield - across different
establishment methods.

Determine the economic benefits of each
establishment method in irrigated inbred lowland rice.

Materials and Methods
Research Design

This study employed a Randomized Complete
Block Design (RCBD) with three blocks, each
containing four plots for the four treatments. Each plot
covered 0.25 hectares, replicated thrice across wet and

Figure 1. Experimental layout arranged in RCBD.

dry cropping seasons in an irrigated ecosystem.
Quantitative data were statistically analyzed using
Analysis of Variance (ANOVA).

The study included four establishment methods:
mechanical transplanting, manual transplanting,
mechanical direct seeding, and manual direct seeding.
Figure 1 illustrates the experimental layout.

Research Procedure

The rice cultural practices conducted in the field
followed standard guidelines, with modifications
specific to each planting method.

These are detailed as follows:

Land preparation followed PalayCheck
System Key Check No. 2.

Mechanical Transplanting

For mechanical transplanting: In addition to
Key Check No. 2, the field underwent final leveling 2
- 3 days before transplanting. During final leveling:

* The field was filled with water to a depth of at
least 10 cm, with no soil mounds visible above
the water surface.

e After 24 hours, once the water had cleared and
golden apple snails resurfaced, a molluscicide
was applied.

e The field was then left undisturbed for another
24 hours.

This timing allowed the newly leveled soil to settle
and prevented it from liquefying during mechanical
transplanting operations.

For manual transplanting, mechanical direct
seeding, and manual direct seeding: Final leveling
was done a day before or on the day of crop
establishment, also in accordance with Key Check
No. 2.

BLOCK 1

BLOCK 2

BLOCK 3

T3 T2 T T4 T2 T3

T4 T T3 T2 T T4

where:

T1 - Mechanical Transplanting
T2 - Manual Transplanting

T3 - Mechanical Direct Seeding
T4 - Manual Direct Seeding
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Figure 2. Satellite image of the research area.

Seedbed and Seedling Preparation

For manual transplanting:

Land for the seedbed was saturated with
irrigation water for 1-2 weeks and harrowed
twice to remove weeds and old crop residues.

During the last harrowing, 100 kg of compost
or vermicast was incorporated.

A 500 m? seedbed was prepared for every 1 ha
planting area, raised 3 cm from ground level,
and 1.5 m wide.

Pre-germinated seeds (at 20 kg ha* or 50 g m-
2) were evenly sown and covered with sacks to
protect against birds.

Sacks were removed after emergence of 1 - 2
leaves.

T-14 fertilizer was applied when seedlings
were 12 - 15 days old.

At 20 days, seedlings were pulled and bundled
manually for field transplanting.

For mechanical transplanting:

Registered NSIC Rc 480 seeds were used at
40 kg ha'! to produce 230 - 250 seedling trays
per hectare.

The seedling media consisted of § bags of
sieved garden soil (50 kg each) and 2 bags of
organic fertilizer.

Seeds were soaked for 24 h and incubated for
another 24 h before sowing.

A seed sowing machine was used to distribute
pre-germinated seeds in trays, which were
then covered with a thin layer of soil.

» Trays were stacked for three days, then
exposed to sunlight.

*  Watering was done twice daily using a
knapsack sprayer for the first three days.

*  Once roots had anchored, a water sprinkler or
hose was used.

Seed Pre-Germination for Direct Seeding
Mechanical direct seeding: 60 kg ha!
Manual direct seeding: 80 kg ha™!

For these methods, registered NSIC Rc 480 seeds
were used. Seeds were soaked for 24 h and incubated
for another 24 h, three days prior to crop
establishment.

Crop Establishment

Crop was established simultaneously for all
planting methods.

Direct seeding:

* Pre-germinated seeds were sown directly after
final leveling.

*  Mechanical direct seeding used a granular
spreader/applicator at 60 kg ha'.

*  Manual direct seeding used a rate of 80 kg ha™'.
Manual transplanting:

e 18-day-old seedlings were transplanted
immediately after pulling to avoid stress.

» Planting rate: 1 seedling per hill, spaced 20 cm
x 20 cm (row x hill).
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Mechanical transplanting:

* 14-day-old seedlings were transplanted using
a riding-type rice mechanical transplanter.

Table 1. Crop establishment method with its corresponding
applied seeding rate.

Crop Establishment Method Applied Seeding

Rate (kg ha™)

Mechanical Transplanting 40
Manual Transplanting 20
Mechanical Direct Seeding 60
Manual Direct Seeding 80

Fertilizer Application

Rice  Crop  Manager (RCM) fertilizer
recommendation was used for nutrient management.

Water Management. The field was irrigated with 5
- 7 cm water depth from 10 to 35 days after
transplanting/sowing  (DAT/DAS) to facilitate
fertilizer application and weed control. Starting at 42
DAT/DAS, the field was irrigated intermittently until
seven days before harvest.

Pest Management. Correct pest identification and
the application of integrated pest management
technologies were observed.

Weed Management. A pre-emergence herbicide
was applied at 1-3 DAT/DAS, or an early post-
emergence herbicide was applied at 6-8 DAS. If
necessary, post-emergence herbicide was applied at
15-30 DAT/DAS, followed by hand weeding as
needed

Harvesting and Processing. The rice crop was
harvested using a Rice Combine Harvester when 85—
90% of the grains at the upper portion of the panicle
were golden yellow or straw-colored, and 20% of the
grains at the base of the panicle were at the hard dough
stage.

Data Gathered:

1. Plant Height - Plant height was measured
from 10 randomly selected hills using a meter
stick for each treatment. It refers to the length
from the base of the plant to the tip of the
highest flag leaf and was recorded before
harvest.

2. Number of Productive Tillers - Data was
collected from three randomly selected 1 m?
quadrants at 45 days after planting for each
treatment.

3. Panicle length - Panicle length refers to the
measurement from the base to the tip of the
panicle, excluding the awn. This was
measured from 10 randomly selected hills for
each treatment.
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4. Number of filled grains - This was
determined by counting the filled grains from
10 randomly selected hills per treatment.

5. 1,000 grain weight - This refers to the weight
of 1,000 grains collected from each treatment.

Parameters calculated:

Grain Yield. Grain yield was determined using the
crop cut method, a standard technique for estimating
yield within a specific unit area. This was done by
establishing three randomly selected 5 m? quadrants
for each replication per treatment. The crop within
each quadrant was manually harvested, stripped,
threshed, and winnowed. The fresh paddy was then
weighed, and the result served as the basis for
determining the grain yield of the study.

It was computed using the formula:
10,000 (m?)
1000

R vields per sub plot
Grain Yield =( )
sub plot area (mz)

Return of Investment. This was determined by
dividing the net profit to the total investment utilized
in this study, which is expressed in percentage.

Net Profit
ROI = (————————)(100)

Total Investment

Results and Discussion

Wet Season Growth Performance of Rice Using
Different Crop Establishment Methods

The data on the number of productive tillers, plant
height, panicle length, number of filled grains, weight
of 1,000 grains, and yield using different crop
establishment methods during the 2020 and 2021 wet
seasons are shown in Table 2. Analysis showed
comparable results among the four crop establishment
methods in terms of productive tillers, panicle length,
number of filled grains, 1,000-grain weight, and yield.

However, in terms of plant height, similar values
were observed between the two direct seeding
methods (manual and mechanical), and between the
two transplanting methods (manual and mechanical).
A significant difference, however, was found between
direct seeding and manual transplanting methods,
indicating that method selection may affect plant
height.

Dry Season Growth Performance of Rice Using
Different Crop Establishment Methods

The data for the 2021 and 2022 dry seasons are
presented in Table 3. Results showed that the four
crop establishment methods produced comparable
values for productive tillers, plant height, panicle
length, number of filled grains, 1,000-grain weight,



and yield, indicating that each method performed
similarly under dry season conditions.

Yield Performance of Rice Using Different
Crop Establishment Methods

Table 4 presents the yield performance across four
cropping seasons using different crop establishment
methods. In the 2020 wet season (WS) and 2022 dry
season (DS), results revealed no significant difference
in yield among the four methods.

However, in the 2021 dry season, the yield was
comparable among manual direct seeding, mechanical
direct seeding, and manual transplanting, but the
mechanical transplanting method yielded significantly
higher than both direct seeding methods and was
statistically similar to manual transplanting.

In contrast, the 2021 wet season data showed
comparable yields between the two direct seeding
methods (manual and mechanical), and also between
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the two transplanting methods (manual and
mechanical). Additionally, manual and mechanical
transplanting methods produced significantly higher
yields than the manual and mechanical direct seeding
methods.

Growth Performance of Rice Using Different
Crop Establishment Methods

The growth parameters across all trials are
summarized in Table 5. Results showed comparable
outcomes for productive tillers, plant height, panicle
length, 1000-grain weight, and yield among the four
methods.

However, in terms of number of filled grains,
manual and mechanical direct seeding methods
recorded comparable values (86 and 90 grains,
respectively). In contrast, manual and mechanical
transplanting produced a notably higher number of
filled grains (115 and 116 grains, respectively). A
significant difference was also observed between

Table 2. Means for agronomic and yield properties of lowland rice during 2020 and 2021 wet season cropping.

Treatment Productive Plant Panicle Filled 1,000 Yields
Tillerns Height Length"s Grains"s grains"s (tha")
Manual Direct seeding 20.34 106.25b 21.99 82.34 25.30 3.62
Mechanical Direct seeding 22.17 106.88b 22.04 73.67 25.47 4.51
Mechanical Transplanting 19.50 112.16a 22.87 104.34 26.68 4.74
Manual Transplanting 22.84 114.45a 22.31 106.17 26.68 4.61
Mean 21.21 109.94 22.30 91.63 26.03 4.37
CV (%) 7.46 1.50 3.94 21.42 1.74 15.50

means with the same letter are not significantly different at 5% level by Least Significant Difference (LSD) Test

Table 3. Means for agronomic and yield properties of lowland rice during 2021 and 2022 dry season cropping.

Treatment Productive Plant Panicle Filled 1,000 Yield™
Tillerns Height"s Lengths Grains"™  Grains"™ (tha')
Manual Direct Seeding 14.34 101.09 21.03 88.5 22.28 5.32
Mechanical Direct Seeding 17.34 97.16 21.18 105.83 23.48 5.43
Mechanical Transplanting 17.00 95.05 23.51 124.83 21.55 5.22
Manual Transplanting 23.00 103.67 23.09 125.50 23.32 5.92
Mean 17.92 99.25 22.20 111.17 22.66 5.47
CV (%) 17.45 2.82 3.47 9.27 2.06 5.59
Table 4. Yield properties of lowland rice for four cropping season.
Treatment Yield (t ha)
2020 WS™ 2021 DS 2021 WS 2022 DS"
Manual Direct Seeding 2.58 5.88b 4.66b 4.76
Mechanical Direct Seeding 3.86 5.97b 5.17b 4.89
Mechanical Transplanting 3.03 6.51a 6.18a 5.32
Manual Transplanting 3.06 6.21ab 6.42a 4.22
Mean 3.13 6.14 5.61 4.80
CV (%) 21.98 3.24 7.23 9.22

means with the same letter are not significantly different at 5% level by Least Significant Difference (LSD) Test

RICE-BASED BIOSYSTEMS JOURNAL (2024) 12: 71-78 75



Productivity and Profitability of Inbred Lowland Rice

Table 5. Means for agronomic and yield properties of lowland rice across season.

Treatment Productive Plant Panicle Filled 1,000 Yield"s
Tillers Height  Length" Grains Grains" (t ha)
Manual Direct Seeding 17 103.67 21.5 86° 23.78 4.47
Mechanical Direct Seeding 20 102.02 21.61 90° 24.48 497
Mechanical Transplanting 23 109.05 22.7 1162 24.98 5.26
Manual Transplanting 18 103.6 23.18 1152 2411 4.98
Mean 19.5 104.59 22.25 101.75 24.34 4.92
CV (%) 13.09 3.25 3.95 13.93 3.43 10.68

means with the same letter are not significantly different at 5% level by Least Significant Difference (LSD) Test

Table 6. Time of operation for different crop establishment method per hectare.

Treatment  Crop Establishment Method Time (per hectare)
1 Mechanical Transplanting 1:2:04
2 Manual Transplanting 4:52:10
3 Mechanical Direct Seeding 33:34
4 Manual Direct Seeding 49:36

mechanical transplanting and both direct seeding
methods.

Length of Operating Time for Each Crop
Establishment Method

The time required for field operations per hectare
using different establishment methods is presented in
Table 6. Among the four, the Seed Sower (mechanical
direct seeding) completed operations in the shortest
time, while manual transplanting required the longest.

Cost and Return Analysis

Tables 7 and 8 present the cost and return analysis
of the different crop establishment methods across
two consecutive wet and dry cropping seasons.
During the wet seasons, mechanical direct seeding
emerged as the most profitable method, registering the
highest net income at PhP 18,105.50 and a return on
investment (ROI) of 44.78%. This was followed
closely by mechanical transplanting, which posted a
net income of PhP 16,372.50 and an ROI of 37.64%.
Manual direct seeding generated a net income of PhP
5,777.50 and an ROI of 14%, while manual
transplanting recorded the lowest net income of PhP
5,478.00, with an ROI of 9.76%.

In the dry seasons, the cost and return data
revealed a different trend. Mechanical transplanting
resulted in the highest net income of PhP 36,251.00
and an ROI of 89.19%. This was followed by
mechanical direct seeding, which produced a net
income of PhP 32,183.50 and an ROI of 83.80%.
Manual direct seeding yielded a net income of PhP
29,543.00 and an ROI of 74.47%. As in the wet
season, manual transplanting remained the least
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profitable option, with a net income of PhP 12,251.50
and an ROI of 22.06%.

Table 9 summarizes the average labor cost, input
cost, total production cost, gross income, net income,
and ROI across all establishment methods.
Mechanical transplanting achieved the highest
average yield at 5,260 kg ha'!, with a production cost
of PhP 42,068.25 per hectare. Given a selling price of
PhP 13 kg, this translated to a gross income of PhP
68,380.00 and a net income of PhP 26,311.75 ha'.

When ranked based on net profit, mechanical
transplanting led all methods, followed by mechanical
direct seeding, manual direct seeding, and manual
transplanting. However, in terms of ROI, mechanical
direct seeding outperformed all other methods,
posting the highest ROI at 64.05%, largely due to its
lower production costs. Manual transplanting
consistently registered the lowest ROI, primarily
attributable to higher labor expenses incurred during
crop establishment.

Conclusion

Based on the study results, mechanical
transplanting showed superior performance in terms
of productive tillers, number of filled grains, plant
height, and 1000-grain weight. In contrast, manual
direct seeding had the lowest performance across
these indicators.

Mechanical transplanting minimized transplanting
shock caused by root damage, resulting in early
seedling vigor and a uniform crop stand. Younger
seedlings, proper row spacing (30 x 16 cm), and



Table 7. Cost and return analysis during wet season cropping.
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Mechanical Manual Mechanical Manual
Transplanting  Transplanting Direct Seeding  Direct Seeding
Labor Cost (PhP) 24,582.00 33,278.50 21,132.00 21,232.00
Input Cost (PhP) 18,910.50 22,863.50 19,430.50 20,050.50
TOTAL PRODUCTION COST 43,492.50 56,142.00 40,430.50 41,282.50
Production
Gross Yield (kg) 4605 4740 4513 3620
Price kg™ (PhP) 13.00 13.00 13.00 13.00
Gross Income (PhP) 59,865.00 61,620.00 58,669.00 47,060.00
Net Income (PhP) 16,372.50 5,478.00 18,106.50 5,777.50
Return of Investment 37.64% 9.76% 44.78% 14.00%
Table 8. Cost and return analysis during dry season cropping.
Mechanical Manual Mechanical Manual
Transplanting Transplanting Direct Seeding  Direct Seeding
Labor Cost (PhP) 20,850.00 36,217.00 18,025.00 18,925.00
Input Cost (PhP) 19,794.00 19,326.50 20,381.50 20,744.00
TOTAL PRODUCTION COST 40,644.00 55,543.50 38,406.50 39,669.00
Production
Gross Yield (kg) 5915 5215 5430 5324
Price kg™ (PhP) 13.00 13.00 13.00 13.00
Gross Income (PhP) 76,895.00 67,795.00 70,590.00 69,212.00
Net Income (PhP) 36,251.00 12,251.50 32,183.50 29,543.00
Return of Investment 89.19% 22.06% 83.80% 74.47%
Table 9. Cost and return analysis across season.
Mechanical Manual Mechanical Manual
Transplanting Transplanting Direct Seeding Direct Seeding
Labor Cost (PhP) 22,716.00 34,747.75 19,491.00 19,991.00
Input Cost (PhP) 19,352.25 19,028.50 19,906.00 20,397.25
TOTAL PRODUCTION COST 42,068.25 53,776.25 39,397.00 40,388.25
Production
Gross Yield (kg) 5260 4977.5 4971.5 4472
Price kg™ (PhP) 13.00 13.00 13.00 13.00
Gross Income (PhP) 68,380.00 64,707.50 64,629.50 58,136.00
Net Income (PhP) 26,311.75 10,931.25 25,232.50 17,747.75
Return of Investment 62.54% 20.38% 64.05% 43.94%
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sufficient light penetration encouraged vigorous
growth and reduced pest infestation.

Among the four methods tested over four cropping
seasons, mechanical transplanting consistently
produced the highest yields due to adequate plant
spacing and strong root anchorage, which promoted
better tillering behavior. Conversely, the lower yield
in manual direct seeding was likely due to poor plant
spacing, which led to nutrient competition.

Furthermore, the mechanical methods (especially
transplanting) required less labor, reduced seed input,
and delivered higher ROI, making them more
economically viable.

Despite this, the mechanical direct seeding
method was found to be the most profitable for both
dry and wet seasons, due to its lower costs and higher
ROL

Recommendations

Analysis of the data on productive tillers, plant
height, panicle length, number of filled grains, grain
yield, time of operation, and return on investment
(ROI) suggests differentiated recommendations based
on farmers’ production goals. Mechanical
transplanting is recommended for farmers engaged in
seed production, as it enables faster and more efficient
field operations with reduced physical labor
requirements. This method minimizes health risks and
stress while enhancing operational efficiency per
hectare - particularly advantageous in areas
experiencing  labor  shortages.  Furthermore,
mechanical transplanting facilitates timely and
synchronized planting, which contributes to improved
yield performance and higher income.

Conversely, mechanical direct seeding is best
suited for farmers targeting commercial milling and
grain consumption markets. This method is
characterized by a shorter operating time and lower
input costs, and it demonstrated the highest ROI
among all crop establishment methods evaluated in
the study. Thus, it offers an economically attractive
option for maximizing profit while minimizing
resource inputs.
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Abstract

Harnessing timely and location-specific data is essential for designing innovative and cost-effective
interventions to achieve the Philippines’ rice self-sufficiency and affordability goals. However, ensuring farmers’
sustainable engagement in data sharing requires a transparent, secure, and positively reinforced system where the
blockchain technology can play a transformative role.

This study aimed to develop a blockchain artifact that is capable of gathering, securing, and managing data
across multiple activities, functions, locations, processes, stakeholders, and other components, initially focusing
on the higher seed class production function of the Philippine Rice Research Institute (PhilRice). Once proven as
a strategic initiative, the artifact may be expanded to cover the entire Philippine rice value chain. Moreover, should
this artifact be adopted for national implementation, the resulting system is expected to enhance data transparency,
traceability, and security, ultimately contributing to the modernization and sustainability of the Philippine rice

industry.

The study outlines the Proof of Experience (PoX) methodology for developing a Blockchain-based
Traceability Management artifact, tracking rice from breeder seed production to distribution. It also showcases
PoX processes within a public-private partnership (PPP) model.

The PoX for developing the Blockchain-based Traceability Management artifact was executed in collaboration
with an international IT industry leader, IBM, through IBM ASEANX and IBM Philippines, Inc. The experiences
gained by PhilRice from this initiative can serve as a blueprint for similar applications across government

programs in agriculture, forestry, and fisheries.

Keywords: artifact, blockchain technology, provenance, rice science, supply chain management, traceability

Introduction

Atzori (2016) and Tasca and Tessone (2018), as
cited in Pelt et al.,, (2021), described blockchain
technology as a system that allows unacquainted
parties to reach consensus on a shared data
administration without requiring human intervention,
centralized control, or regulatory oversight. Hacker
(2017) further explains that a blockchain’s software
framework defines the rules governing transactions,
the timing of new block additions, and the size
limitations of data blocks (Pelt et al., 2021).

Blockchain is a software-based data management
protocol that secures information by timestamping
recorded data and distributing it across multiple
computers, ensuring it cannot be lost, altered, or
manipulated without consensus or approval from the
entire network. To simplify, imagine a field
researcher’s notebook filled with valuable data. If the
notebook is lost or damaged and there is no backup,
all the time, effort, and research investments are
wasted. If the researcher saves the data on a computer,
it might still be lost due to system failure or tampered
with by hackers.

Now, think of blockchain as a network of digital
notebooks stored across many computers. When data
is recorded on a blockchain, it is replicated and stored
on multiple computers worldwide. If someone tries to
alter or erase the data, they would have to modify
every copy on all computers in the network making
fraud or manipulation nearly impossible.

Additionally, while new information can be added
or updated, the original record remains intact,
ensuring a transparent, secure, and tamper-proof
history of all entries.

History of Blockchain

Blockchain technology was first introduced in
2008 by the pseudonymous entity Satoshi Nakamoto
(Tripathi et al., 2023). Since then, it has evolved
through four distinct generations. The first generation
marked the inception of decentralized digital
currencies, enabling secure and transparent online
financial transactions most notably, the development
of Bitcoin (Tripathi et al., 2023). The second
generation expanded the technology’s capabilities
through the introduction of smart contracts and self-
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executing scripts that automate processes within
blockchain networks (The Investopedia Team, 2024).
This innovation extended blockchain’s applications to
areas such as loans, equity trading, and the
management of digital assets. The third generation
broadened its use beyond finance, supporting critical
sectors including scientific research, healthcare, and
supply chain management. Currently, the fourth
generation of blockchain is being developed with a
focus on integration with emerging technologies such
as artificial intelligence (Al), the Internet of Things
(IoT), and other forms of digital intelligence (Tripathi
et al., 2023).

Provenance Data Management for Rice Seed
Traceability Using Blockchain Technology

In 2020, the Philippine Rice Research Institute
(PhilRice) initiated a blockchain-based program in
rice science aimed at addressing persistent
inefficiencies in rice production and marketing in the
Philippines. The primary objective was to uncover the
root causes of high production costs and limited
market returns, which have contributed to elevated
consumer prices without translating into improved
livelihoods for the majority of rice farmers. This
disconnect between market pricing and farmer
welfare necessitates a thorough investigation of
systemic inefficiencies so that precise, cost-effective
interventions can be developed and implemented.

Central to this effort is the collection and analysis
of provenance (or historical) data directly from
farmers and other stakeholders across the Philippine
rice value chain. These include government agencies
mandated to ensure national rice self-sufficiency and
enhance sector productivity. Identifying the
underlying inefficiencies not only enables better-
targeted policy and investment decisions but also
ensures these decisions support the long-term welfare
of both producers and value chain actors.

This report contextualizes ‘“rice science” by
aligning it with the institutional mandate of PhilRice,
as defined in Executive Order No. 1061, Series of
1985. The mandate establishes PhilRice as the lead
agency responsible for advancing rice productivity in
the Philippines through innovations that improve
farmer incomes, expand rural employment, and
promote national self-sufficiency in rice production
(Office of the President of the Philippines, 1985). The
agency is tasked with addressing both biological and
socio-economic challenges that arise within dynamic
agricultural systems. Key focus areas include
improving lowland irrigated rice production through
the deployment of high-yielding cultivars, optimal use
of agro-inputs, and sustainable water management.
Additionally, PhilRice works to address yield gaps in
ecologically challenging zones such as uplands, saline
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soils, drought- and flood-prone areas, and rainfed and
cool environments.

Complementing this institutional perspective is
the broader academic framework provided by the
Crop Science Society of America (CSSA), which
defines “crop science” as the discipline committed to
ensuring a reliable supply of safe and nutritious food
(CSSA, 2024). Key domains under this umbrella
include crop breeding, seed technology, genetics,
physiology,  conservation,  sustainability, and
nutritional quality. When applied to rice, these
domains are reflected in PhilRice’s core activities: (1)
breeding of modern rice varieties, (2) rice seed
technology, (3) rice genetics, (4) agronomy, soils, and
physiology, (5) rice-based farming systems, (6)
conservation of rice genetic resources, and (7)
innovation in novel rice products and nutritional
enhancements.

One of PhilRice’s most significant contributions to
the national rice economy is the development of new
rice varieties and the production of high-quality seed
classes such as breeder, foundation, and registered
seeds. This report will therefore focus on how
blockchain technology was applied to enhance
traceability in the production and distribution of
inbred rice seed varieties. Specifically, the system was
designed to securely collect, store, and manage
provenance data across the supply chain from breeder
seed production through to registered seed production
within PhilRice’s branch and satellite stations.

Related Studies

The Blockchain-based Traceability Management
System for Rice Science aims to enhance the
efficiency and transparency of the Philippine rice
production system through data-driven, targeted
interventions. These interventions are informed by
provenance data gathered directly from stakeholders
across the rice value chain; farmers, seed producers,
processors, and distributors ensuring that solutions are
grounded in actual field realities. However, the scope
of this report is intentionally narrow: it focuses solely
on the development of a blockchain-based artifact
tailored for higher seed class production and seed
traceability. Specifically, the concept is about
documenting the technical development of the system
through an outsourced approach, without addressing
its broader deployment or integration across the full
rice value chain.

This section reviews foundational studies and
frameworks that inform the conceptual and technical
design of the artifact. It surveys literature on the use
of blockchain for traceability and provenance
management, with particular attention to agricultural
applications. Emphasis is placed on the seed-to-rice
continuum, from breeder and foundation seed



production to the traceability of certified seeds
highlighting the specific domain addressed by the
system under development.

Supply Chain Management as the Foundation
of the Blockchain Artifact

The immediate application of the blockchain
artifact in this study centers on enhancing the
efficiency of supply chain management (SCM) across
the seed-to-milled rice production and consumption
spectrum. Kamble et al. (2019), drawing from the
Council of Supply Chain Management Professionals
(CSCMP), defined SCM as “the planning and
management of all activities involved in sourcing and
procurement, conversion, and all logistics
management activities. Importantly, it includes
coordination and collaboration with channel partners,
which can be suppliers, intermediaries, third-party
service providers, and customers” (CSCMP, 2019, as
cited in Kamble et al., 2019).

Historically, SCM literature and applications have
focused predominantly on manufacturing sectors, with
limited attention to agriculture, forestry, and fisheries
(Routroy and Behera, 2017). However, a shift has been
observed, with SCM increasingly being adopted in
agricultural development. This transition aligns with
Shukla and Jharkharia’s (2013) argument that
agriculture plays a pivotal role in the global economy
as a key provider of raw materials for various industries
(as cited in Routroy and Behera, 2017).

The integration of advanced information and
communication technology (ICT) into agriculture has
significantly improved the efficiency of food
production systems, supporting food safety and
sustainability amidst global population growth (Arena
et al., 2019). Real-time data collection from supply
chain stakeholders enables the identification of
operational inefficiencies, and blockchain technology
is emerging as a promising solution for ensuring
secure, transparent, and tamper-proof data recording
and sharing. Kamble et al. (2019) highlighted that
traceability is among the primary drivers behind the
adoption of blockchain technology in agricultural
supply chains.

Routroy and Behera (2017) identify the five key
actors in the agricultural supply chain (ASC) as the
farmer, processor, distributor, retailer, and end-user.
Major operational domains include traceability,
logistics, and information technology, while
significant challenges revolve around post-harvest
losses, food safety, and product quality. These issues
underscore the need for innovative technologies that
enhance transparency and efficiency.

Rice, a staple crop with a notably intricate supply
chain, exemplifies the need for such innovations.
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Purwandoko et al. (2019) emphasized that the rice
supply chain requires tools capable of monitoring
processes from production to consumption (land-to-
table), and recommended the implementation of
traceability systems to ensure food transparency. The
Codex Alimentarius Commission (FAO, 2012)
defines a traceability system as a ‘“management
system that is able to track the movement of food at
certain stages of production, processing and
distribution.”

Blockchain technology, as defined by Casino et al.
(2019) based on Nakamoto’s (2008) seminal work, is
“a structured and decentralized ledger initially
developed to provide a practical solution to reaching
consensus in an untrusted decentralized distributed
environment” (p. 2730). Information is organized into
chains of blocks, each storing a set of transactions at a
specific point in time. These blocks are
cryptographically linked to their predecessors,
forming a secure, immutable chain. Blockchain
combines cryptography, mathematics, economic
modeling, and distributed algorithms, enabling a peer-
to-peer network to achieve consensus without central
authority. Its immutability ensures that once data is
recorded, it cannot be modified or tampered with,
making it highly suitable for supply chain
applications.

Building on these insights, this study proposes a
definition of Blockchain for Rice Science - aligned
with the research and development mandate of
PhilRice - as a tamper-proof, distributed digital
recording system. This system aims to protect
intellectual assets and support various solutions
designed to bolster the competitiveness of Philippine
rice through PhilRice’s initiatives in research,
development, and extension.

Materials and Methods

The preliminary phase of this study focused on
optimizing a blockchain-based solution designed to
cost-effectively trace the seed-to-shelf journey of
Philippine rice from breeder seed production to its
eventual distribution in milled form through
supermarkets and e-commerce platforms. As
illustrated in Figure 1, this effort outlines the
Blockchain for Rice Science journey spearheaded by
PhilRice. The initial stages of value creation for the
project, which commenced in 2020, are detailed
below to show the progression of development and
integration within the rice supply chain.

It can be noted that the bedrock of the project is
about institutionalizing blockchain for rice science
nationwide. The purpose is to gather as much data as
possible to brace data-driven strategy and policy
formulation toward rice self-sufficiency and
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The goals are : (1) to determine the cost drivers of Philippine
= Rice and formulate locality-specific interventions based
on the root cause(s) of the problem(s); and (2) Identify
. production expansion and/or areas that need intervention
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©

#Jhe goal is to develop a pool of Blockchain
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and management as well as for strategy formulation.

Establishment of the

Blockchain-Based Traceability

Management System:

(1) Defining the contents

(2) Proof of Experience (PoX)

(3) Optimizing the platform
with farmers and partners

Figure 1. Blockchain for rice science value creation journey.

affordability while properly considering profitability
among the rice value chain actors. Thus, credible data
must come from all the players of the rice value chain,
especially the farmers.

In developing the system, series of consultations
were conducted with the PhilRice experts on plant
breeding, agronomy, crop protection, seed production
and seed health as well as information communication
technology (ICT) practitioners. The constraints and
challenges of PhilRice in terms of developing,
managing and maintaining an IT-system was also
considered on the investment decision. IT industry
experts from global business operators were also
consulted for the design of the Blockchain-based
Traceability Management System.

In phasing the project, scoping was also done with
individual farmers, regional offices of the Department
of Agriculture and agriculture officers of the
provincial, municipal and barangay local government
units (LGUs). The observations from the scoping
activity were discussed with the experts on roundtable
format.

Based on the recommendations distilled from the
insights of rice science experts, the traceability system
can be tested initially for managing provenance data
for the production of higher seed classes: (1) nucleus
to breeder seeds; (2) breeder to foundation seeds; (3)
foundation to registered seeds; and, (5) registered to
certified seeds. The responsibility centers and
production processes are illustrated, as follows:

It can be noted that the supply chain aspects are
only up to the registered to certified seed production.
The next steps or the continuation of the supply chain,
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which is rice production from certified seeds and rice
retail will be included in the medium-term plan.

It can be noted as well from Figure 2 that the
responsible centers and locations can vary per seed
class, the PhilRice Central Experiment Station, which
is located in the Science City of Mufioz, Nueva Ecija,
Philippines undertakes the production from nucleus
seeds up to registered seeds while the branch and
satellite stations of PhilRice can undertake foundation
to registered seed production activities. PhilRice
operates nationwide through its branch and satellite
stations that are located in major rice producing areas
nationwide. The details of the actors in the
preliminary digital supply chain design are provided
in Table 1.

Limitations of the Study

A key limitation of this study is that PhilRice
currently lacks the in-house capacity to independently
develop a fully customized blockchain system.
Building such a technology from the ground up -
particularly one that integrates mobile phone
application access for farmers - requires substantial
time, technical expertise, and resource investment.
While mobile accessibility is critical for real-time data
collection and user engagement at the grassroots level,
the current dependency on external platforms or third-
party developers may delay full-scale implementation
and limit immediate responsiveness to evolving user
needs.

In this initiative in (Table 1), the term firewall
refers to a realm or specific work package, which is
the smallest unit comprising a complete process
comprising the product being sought. For example,
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Figure 2. lllustration of higher seed class production processes and responsibility centers (firewalls).

Table 1. Preliminary digital supply chain design.

Realm Activity Description Responsible Center(s)/ Process Owners yfug;:)eesr

Firewall 1 Nucleus to Breeder Seed Production PhilRice Central Experiment Station 1

Firewall 2  Breeder to Foundation Seed PhilRice Central Experiment Station 1
Production

Firewall 3  Distribution of Foundation Seeds to Trucking from PhilRice Central, Branch and variable
PhilRice Branch and Satellite Stations  Satellite Stations; Logistics Services Providers

Firewall 4  Foundation to Registered Seed PhilRice Central, Branch and Satellite Stations  About 10 sites
Production

Firewall 5 Registered to Certified Seed Accredited Seed Growers At least 14,000

Production

nationwide*

*Based on the data provided by the National Seed Quality Control Services — Bureau of Plant Industries (NSQCS-BPI)

inside Firewall 1 is the entire process of producing
inbred breeder rice seeds from nucleus seeds. The
divisions, units, personnel and/or service providers
who will do the activities within the said work
package are responsible for the outputs/outcomes.
Thus, all the activities to ensure quality such as the
handing of nucleus seeds to the authorized recipient;
proper land preparation; proper seeding; monitoring
and appropriate management of pests and diseases;
and proper harvesting, drying, seed cleaning,
packaging and storage must be done with utmost
diligence.

The next step was the development of the
preliminary traceability system design. The
development was outsourced from the International
Business Machine (IBM) - a global IT industry leader.
Briefly, the provenance data will start when the
nucleus seeds of a specific variety is handed to the
personnel concerned under the Plant Breeding and
Biotechnology Division (PBBD). The day-to-day
activities may vary depending on the seed class and
rice variety as well as the weather condition. Based
on the database of PBBD, there are 395 approved rice
varieties - 247 are inbred rice while 149 are hybrid
rice seed varieties. All the activities and phenomena
will be recorded in the system so that factors
responsible for consistent good performance or failure

to pass the quality tests by the National Seed Quality
Control Services - Bureau of Plant Industries
(NSQCS-BPI) can be identified and improved. It is
planned that the recording will be handled by the
researchers or the process owners. The provenance
data can also be the basis of performance incentives
and sanctions.

The preliminary contents of the platform that was
developed following the illustrated processes are
provided in Figure 3.

Results and Discussion

The implementation of the initial Proof of
Experience (PoX) phase demonstrated notable cost
efficiencies resulting from the methodological
approach adopted. Specifically, the design and
deployment of the blockchain-based solution
leveraged a lean, agile framework, which avoided the
need for traditional resource-intensive processes. This
included:

1. Elimination of IT hiring requirements,
thereby reducing the demand on the Human
Resource Management Division and
associated hiring costs;
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Figure 3. Overview of the components of the preliminary platform developed in partnership with the IBM.

2. No procurement of additional hardware or
cloud services, as the system was built on
existing digital infrastructure and modular
technologies;

3. Minimal utility and office overhead
expenses, since the development and testing
were conducted in virtual or hybrid
environments; and

4. Pay-as-you-go resource use, allowing the
project to scale only according to actual,
validated needs.

This methodological approach enabled rapid
iteration, where researchers and PhilRice partners
could immediately initiate learning cycles, collect
data in real time, and iteratively test and refine
interventions. Customizing the platform based on
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specific, on-the-ground requirements allowed for
adaptive fine-tuning, reinforcing a feedback-driven
development cycle that is particularly suited for
dynamic agricultural ecosystems.

Despite the promising early results, the benefits
observed in Phase I are still preliminary. Further
validation through broader deployment and
optimization phases is required to establish the full
value and scalability of the system. The project’s
multi-phase strategy is outlined as follows:

* PoX Phase I: Focused on system optimization
with a single account, serving as a controlled
testbed to evaluate core functionality and
validate initial design assumptions.

*  PoX Phase II: Expansion to at least 100 user
accounts across the country, specifically



targeting key seed production personnel
stationed at Central and Branch Stations.
Surplus capacity may be extended to supply
chain partners such as the National Seed
Quality Control Services (NSQCS). Seed
Growers will also participate to test usability
and interface intuitiveness.

e PoX Phase III: Scaling up to 1,000 accounts
to include seed growers, farmers, and
additional stakeholders across the rice value
chain. This phase will evaluate performance
under realistic operational conditions and
broader user diversity.

e Nationwide Roll-out: Subject to successful
outcomes in Phase III, the system will be
formally adopted for national use in rice seed
production.

e System Optimization Across PhilRice
Programs: Expansion of blockchain-based
tracking and analytics to support PhilRice’s
full range of research, development, and
extension activities.

e Inclusion of Other Crops: Evaluation of the
system’s adaptability for other crops within
rice-based farming systems, facilitating
broader agricultural transformation.

This phased approach ensures that each level of
implementation builds upon validated learning from
the previous stage, thereby reinforcing reliability,
scalability, and contextual fit within the Philippine
rice sector.

Conclusion

This research represents a pioneering initiative by
PhilRice to explore the potential of blockchain
technology in enhancing transparency, traceability,
and efficiency within the rice supply chain. As a
preliminary endeavor, the blockchain-based artifact
developed in this study serves as a proof of concept

laying the foundation for broader digital
transformation in Philippine rice science and
agriculture.

Currently, PhilRice does not yet possess in-house
blockchain development capabilities. The decision to
outsource the initial development reflects the current
absence of respectable expertise, which refers to the
specialized technical proficiency and applied
experience required to design, deploy, and manage
decentralized systems at scale. Outsourcing allowed
the institution to accelerate the learning process, avoid
technical debt, and focus on context-specific
customization without compromising operational
timelines.
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Should the system wundergo successful
optimization through subsequent phases, PhilRice
could serve as a model case study for other
government agencies and development institutions.
The lessons learned and methodologies established
through this project have the potential to inform
digital transformation across the broader domains of
agriculture, forestry, and fisheries in the Philippines.

In the long term, PhilRice can contribute to the
institutionalization of a blockchain regime defined as
a structured, policy-aligned digital governance
framework that leverages blockchain technology to
ensure integrity, security, and traceability of data
across agricultural value chains. Such a regime would
not only support data-driven decision-making but also
empower stakeholders at all levels through equitable
access to trusted information.

Through continued investment in technical
capacity and cross-sector collaboration, PhilRice has
the opportunity to assert global leadership in
blockchain applications for rice science transforming
it from an early adopter into a central enabler of
national digital agriculture strategies.
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Abstract

This review examines the applications, benefits, and challenges of Participatory Development Communication
(PDC) in agricultural development from 2013 to 2023. PDC represents a paradigm shift from conventional top-
down communication approaches to collaborative, inclusive, and horizontal dialogues. It empowers farmers,
extension workers, and development stakeholders to actively participate in planning, decision-making, and
implementation processes. This participatory approach fosters the co-creation of solutions that are context-
specific, culturally appropriate, and sustainable. Using a systematic review methodology, 12 peer-reviewed studies
were analyzed based on defined inclusion criteria. The studies span diverse geographical regions and agricultural
contexts, highlighting the transformative potential of PDC. Key themes identified include enhanced local
ownership of development initiatives, improved adoption of agricultural technologies, strengthened knowledge
exchange, and increased resilience to environmental and economic shocks. The review also underscores the role
of PDC in integrating indigenous knowledge with scientific practices, leading to more relevant and sustainable
agricultural outcomes. However, despite its documented benefits, the review identifies several persistent barriers
to the effective implementation of PDC. These include rigid institutional communication structures, weak
integration with technical disciplines, limited exposure to participatory tools, and sociopolitical constraints such
as power imbalances and stakeholder distrust. To maximize the effectiveness and sustainability of PDC, the review
proposes several recommendations: institutionalizing participatory mechanisms in agricultural policies and
programs; integrating scientific, technical, and participatory approaches; leveraging digital tools for broader
engagement; adopting context-specific and flexible communication frameworks; fostering cross-learning between
local and global innovations; and embedding PDC in climate change adaptation strategies. In conclusion, PDC
holds significant promise as a catalyst for inclusive, equitable, and sustainable agricultural transformation. Its
success depends on its integration within broader development systems and policies, and its ability to adapt to the
complexities of contemporary agricultural and environmental challenges.

Keywords: participatory development communication, agricultural development, farmer participation, indigenous knowledge,
sustainable agriculture, climate change adaptation

technologies, and building resilience

against

Participatory Development Communication (PDC)
has emerged as a vitally important approach in
agricultural development, especially in addressing
complex challenges. PDC shifts the paradigm from
traditional top-down models to collaborative and
horizontal dialogues by engaging farmers, extension
workers, and stakeholders in decision-making
processes (Waisbord, 2020). This approach empowers
farmers to articulate their needs, share indigenous
knowledge, and co-create solutions tailored to their
unique  contexts, ensuring that agricultural
interventions are relevant and sustainable.

The importance of participatory communication in
agriculture cannot be overstated. Globally, it has
proven effective in various contexts by promoting
local ownership, enhancing the adoption of new

environmental and economic shocks. For instance,
studies have shown that Farmer Field Schools in East
Africa significantly improved farmers’ knowledge and
adoption of  sustainable practices through
participatory methods (Friis-Hansen and Duveskog,
2012). Similarly, research in Indonesia highlights the
critical role of Communication for Development
(C4D) training for extension workers in addressing
the complexities of modern agricultural development
(Agunga and Putra, 2015). In Kenya, involving local
communities in decision-making has led to more
effective pest management strategies, while in
Ethiopia, a shift from top-down to inclusive
communication models has been shown to enhance
agricultural production and improve rural livelihoods
(Gebeyehu and Jira, 2023). In Ethiopia, shifting from
top-down to participatory communication models in
agricultural interventions has been shown to enhance
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agricultural production and improve rural livelihoods
(Gebeyehu and Jira, 2023).

This article reviews applications of participatory
communication in the agriculture sector from 2013 to
2023. By doing this review, the overarching aim is to
highlight  best-fit practices, challenges, and
opportunities for  optimizing participatory
communication to advance sustainable agricultural
development globally.

Unlike previous studies focusing on localized case
studies or specific participatory approaches, this
review provides a comprehensive, cross-regional
analysis of participatory = communication in
agriculture over the past decade. By synthesizing
diverse applications, identifying emerging trends, and
evaluating the scalability of participatory strategies, it
addresses gaps in understanding how PDC can be
systematically integrated into agricultural policies and
programs. This broader perspective offers valuable
insights  for  policymakers, researchers, and
practitioners seeking to enhance the effectiveness of
participatory communication in fostering sustainable
agricultural development.

Methodology
Literature Search and Selection

The review was conducted by systematically
searching for literature from Google Scholar,
PubMed, and JSTOR. The search process involved the
following: First, each database was searched using

predefined keywords, including “Participatory
Development Communication,” “agricultural
development,” “farmer participation,” “communication

strategies,” and “rural livelihoods,” aiming to capture a
wide range of studies related to participatory
communication in agricultural contexts. Second, the
initial search results were screened for relevance by
examining the titles and abstracts of each study.
Studies that did not meet the inclusion criteria were
excluded. From an initial pool of 80 articles, 32
articles that met the inclusion criteria were further
screened; hence, the number was reduced to 20. The
20 articles were then downloaded for thorough
review. After thoroughly reviewing the 20 articles, the
number was further reduced to 12. Studies were
excluded if they focused on sectors other than
agricultural development, only briefly mentioned
participatory communication, or lacked detailed
analysis. Weak methodologies such as unclear
research designs also led to exclusion. Similar studies
were streamlined, retaining only the most
comprehensive ones, while some were removed to
maintain regional diversity. Studies without full-text
access or from non-peer-reviewed sources were
excluded, along with those with poor language quality
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or unclear presentation. Relevant data from these
selected studies were systematically extracted and
organized, including information on the study’s
objectives, methodologies, findings, and implications
related to participatory communication in agricultural
development.

Studies were included in the review if they met the
following criteria: published between 2013 and 2023
to ensure coverage of the most recent and relevant
literature, written in English to ensure consistency and
accessibility, centered on participatory
communication in agricultural development, and
examined the role, impact, and effectiveness of
participatory ~ communication  strategies  and
approaches. Additionally, the studies had to be
published in peer-reviewed journals, academic
reports, case studies, or conference proceedings to
ensure credibility and reliability.

Analysis

The extracted data were then analyzed to identify
common themes, best-fit practices, challenges, and
opportunities related to participatory communication
in agricultural development. This analysis aimed to
synthesize the findings from the selected studies to
provide a comprehensive understanding of the impact
and effectiveness of participatory communication in
promoting sustainable rural agricultural practices. By
following this systematic approach, the review aimed
to provide a thorough and credible assessment of the
current state of participatory communication in
agricultural development, highlighting key insights
and recommendations for future practice and
research. Adhering to these criteria and following a
rigorous search process, this review aimed to provide
a comprehensive and reliable synthesis of current
knowledge on participatory communication in
agricultural development.

Results and Discussion
Key Themes

The analysis of the literature on Participatory
Development Communication (PDC) in agricultural
development has revealed several key themes and
findings that are pivotal to understanding its impact
and effectiveness. The reviewed studies highlight the
transformative potential of PDC in fostering inclusive
and responsive agricultural frameworks. Key themes
include the role of PDC in promoting local ownership,
enhancing technology adoption through participatory
methods, and  building resilience  against
environmental and economic shocks. Furthermore,
the findings underscore the importance of
collaborative and horizontal dialogues in empowering
farmers, incorporating indigenous knowledge, and co-



creating tailored solutions. By examining these
themes, the review provides a comprehensive
overview of the current state of PDC in agricultural
development. It offers insights into best-fit practices,
challenges, and future research and implementation
opportunities.

Transforming Agricultural Communication to a
more Collaborative, Farmer-centered Approach

Challenges in Ethiopia’s Agricultural Sector. The
study by Gebeyehu and Jira (2023) highlights the
challenges of a  predominantly top-down
communication approach in Ethiopia’s agricultural
sector, which restricts interaction between
development agents and farmers. This results in
policies and interventions that often fail to address
farmers’ actual needs and experiences. Gebeyehu and
Jira advocate for a shift towards more inclusive
communication  strategies, likely  involving
workshops or focus groups to better engage farmers.
The key strength of this approach lies in its focus on
integrating farmers’ indigenous knowledge into
policy-making, which promotes a sense of ownership
and ensures that policies are tailored to the farmers’
specific needs. However, the existing top-down model
limits effective participation, rendering the PDC
approach less impactful without systemic changes.
Although the study emphasizes the need for PDC, it
does not integrate technical approaches from
agricultural science, suggesting that PDC would be
more effective if combined with these technical
strategies. While the study underscores the
importance of PDC, it lacks integration with technical
agricultural approaches, suggesting that combining
PDC with these strategies could enhance its
effectiveness.

Opportunities  in  Indonesian  Agricultural
Extension. Agunga and Putra (2015) underscore the
critical need for training Indonesian agricultural
extension  workers in  Communication  for
Development (C4D). They highlight the importance
of equipping agricultural extension workers with a
deep understanding of development theory, policy,
and practice to enhance their ability to facilitate
dialogue and collaboration among stakeholders. The
study emphasizes the use of training programs that
integrate Participatory Development Communication
(PDC) with C4D. This approach involves workshops
and training sessions aimed at improving extension
workers’ skills in participatory methods and
communication. The key strength of this approach is
its ability to enhance dialogue and collaborative
learning, making extension workers more effective in
engaging with farmers and improving agricultural
initiatives. However, without adequate training,
participatory communication efforts can be
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ineffective, especially in diverse agricultural contexts.
PDC was not used in isolation but was combined with
technical training, illustrating a blended approach that
merged participatory methods with expert knowledge
to enhance the effectiveness of agricultural extension
services.

Integrating Socio-cultural Insights and Trust-
building in Agricultural Practices

Development of Sheep Farming in Malang: The
study by Putri Yulinarsari et al. (2021) examines the
development of sheep farming in Malang, Indonesia,
focusing on the socio-cultural and communication
elements influencing the industry. Participatory
Development Communication (PDC) in this context
involved methods such as interviews, workshops, and
peer knowledge sharing. These methods directly
engage farmers in the communication process,
facilitating the exchange of knowledge and
experiences, which leads to improved farming
practices and business outcomes. One of the key
strengths of this approach is its effectiveness in
enhancing business development and farming
practices through active farmer involvement.
However, a notable weakness is its limited impact on
the sociocultural dimensions of the community. This
suggests that while PDC can advance business and
farming practices, it requires integration with social
science approaches to address and incorporate socio-
cultural aspects more comprehensively. Although
PDC was effective in promoting business
development, its impact would be significantly
enhanced by incorporating socio-cultural or
anthropological studies. The statement implies that in
the context of the study, the implementation of PDC
lacked sufficient integration of sociocultural or
anthropological insights. This suggests that the
challenge lies not in the theory of PDC but in how it
was executed, indicating that the researchers or
practitioners may not have fully incorporated socio-
cultural dimensions during implementation. To
clarify, while PDC as a framework is inherently
capable of addressing socio-cultural factors, the study
indicates that its effectiveness could have been
enhanced through a more comprehensive integration
of these insights.

Barriers to Participatory Extension in Egypt.
McDonough et al. (2015) investigate the barriers to
implementing participatory extension services in
Egypt, emphasizing the need for trust and support
among farmers, extension workers, and other
stakeholders. The study primarily uses extension
services with participatory methods, including
stakeholder dialogue and workshops. One of the key
strengths of this approach is its capacity to build trust
and foster strong relationships through open
communication, thereby enhancing participatory
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practices. However, the study highlights a significant
weakness: the lack of trust and effective
communication among stakeholders impedes full
engagement and limits the effectiveness of the
participatory process. While PDC is used as a
standalone approach, the study suggests that
integrating additional techniques, such as social
network strengthening or leadership training, would
greatly benefit the approach. These additional
methods could help overcome the barriers of trust and
communication, leading to more effective stakeholder
collaboration and enhanced participatory extension
practices.

Participatory Approaches in Agricultural
Modeling and Planning

Shrimp Aquaculture in Vietnam. Joffre et al.
(2015) illustrate the integration of participatory
approaches with agent-based modeling for planning
shrimp aquaculture in Vietnam. The study employs
role-playing games (RPGs) and local consultations as
its primary Participatory Development
Communication (PDC) methods. RPGs offer an
innovative approach for stakeholders to simulate
various scenarios and assess potential risks in real-
time, thereby enhancing the relevance and
effectiveness of the model by incorporating local
knowledge and perspectives. This participatory
method facilitates active involvement and learning
among farmers and decision-makers, improving
decision-making processes and planning outcomes.
However, the approach is resource-intensive,
requiring significant facilitation and expertise in both
communication and technical modeling. PDC
incorporates agent-based modeling as a key
component, blending social and technical sciences.
This blended approach merges social and technical
sciences, optimizing decision-making and ensuring
that the management strategies are more accurate and
tailored to local conditions.

The study by Joffre et al. (2015) describes a
participatory approach that integrates role-playing
games (RPGs) and local consultations, both of which
are  established  Participatory = Development
Communication (PDC) methods. RPGs engage
stakeholders by allowing them to simulate different
scenarios, assess risks, and explore outcomes in a
controlled yet interactive environment. This facilitates
mutual learning and collective decision-making,
which are core principles of PDC. Local consultations
further support this by incorporating local knowledge
and ensuring that stakeholders’ voices are reflected in
the decision-making process. The unique aspect of
this study is the integration of PDC methods with
agent-based modeling, a technical tool used to
simulate complex systems and predict outcomes
based on stakeholder behavior and environmental
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factors. While agent-based modeling itself is not a
PDC method, combining it with RPGs and
consultations creates a hybrid participatory approach.
This blended method strengthens the relevance and
accuracy of management strategies by merging social
insights (through PDC) with technical modeling.
Therefore, the RPGs and local consultations are
clearly PDC methods, but the agent-based modeling
serves as a complementary analytical tool rather than
a separate PDC method. This underscores how PDC
can be effectively integrated with technical
approaches to improve planning and decision-making
in complex agricultural systems.

Management Strategy Evaluation (MSE) for
Fisheries Management. Goethel et al. (2019) examine
the role of stakeholder participation in Management
Strategy Evaluation (MSE) for fisheries management,
utilizing workshops and consultations to involve
various  stakeholders in defining roles and
responsibilities. This approach enhances transparency
and fosters stakeholder buy-in, ensuring that
management strategies are informed by diverse
perspectives and needs. A key strength of the PDC
method is its ability to integrate various viewpoints,
which leads to more balanced and comprehensive
management strategies. However, the process of
reconciling diverse stakeholder perspectives can be
challenging, and issues such as miscommunication or
lack of clarity may impede progress. The PDC
approach is not used in isolation but is combined with
Management Strategy Evaluation (MSE), blending
participatory methods with scientific analysis. This
integrated approach creates a more effective
framework for fisheries management by aligning
participatory insights with technical expertise.

Enhancing Stakeholder Engagement

Stakeholder Workshops in the Philippines.
Cleland and San Jose (2018) investigate the use of
stakeholder workshops in the Philippines within
participatory conservation-for-development projects.
Their approach includes traditional face-to-face
interactions and modern digital tools. Face-to-face
interactions are a key strength as they build trust,
facilitate dialogue, and ensure that all voices are
heard. However, the integration of digital platforms
can create barriers, such as power imbalances that
favor expert opinions and tech-savvy participants over
those of less experienced or local participants. This
can overshadow valuable local knowledge, reduce the
workshop’s inclusivity, and introduce jargon or
concepts that may hinder effective communication.
These challenges can lead to the exclusion of some
voices and reinforce existing inequities. The PDC
method used involves stakeholder workshops that
blend traditional communication methods with digital
tools. While this combination can enhance



engagement and inclusivity, it requires careful
balancing to prevent the exclusion of non-technical
participants (may include farmers, community
members, or local stakeholders who rely more on
practical experience and indigenous knowledge rather
than formal technical training) and to ensure that the
workshop remains truly inclusive. PDC in this context
is not a standalone approach; it is combined with
technological tools, indicating that while participatory
methods are employed, they need to be carefully
integrated with technology to address and mitigate
potential barriers to full participation. In this context,
PDC incorporates technological tools, meaning that
while participatory methods are employed, careful
integration of these tools is essential to prevent or
reduce potential barriers to full participation.

Co-designing Management Recommendations in
the Baltic Sea. Ehrlich et al. (2023) examine the co-
design process for developing management
recommendations for northern pike in the Baltic Sea.
The study utilizes regular “roundtable” workshops as
the primary PDC method, engaging a diverse range of
stakeholders, including local community members,
environmentalists, and  policymakers.  These
workshops provide a structured platform for open
dialogue and collective problem-solving, facilitating
consensus-building and improving decision-making
by integrating varied perspectives. The key strength of
this PDC approach lies in its ability to reconcile
differing viewpoints and build consensus among
stakeholders, ensuring that management
recommendations are well-informed and more likely
to be accepted and implemented. However, a notable
weakness is that continuous engagement required for
these workshops can be resource-intensive, and
conflicting interests among stakeholders may impede
progress. In this case, PDC is not used in isolation but
is integrated with environmental science. The
combination of participatory dialogue with scientific
analysis supports a more comprehensive approach to
addressing complex environmental management
challenges. In this case, PDC is integrated with
environmental science, combining participatory
dialogue with scientific analysis to create a more
comprehensive approach to addressing complex
environmental management challenges.

Incorporating Local Knowledge

Integration of Farmers’ Local Soil Knowledge in
Madagascar. Ravonjiarison et al. (2023) introduce a
conceptual framework to integrate farmers’
indigenous soil knowledge with scientific research in
Madagascar. Local soil classifications and indicators
used by farmers align with scientific findings,
demonstrating their effectiveness. Recognizing and
incorporating local expertise enhances agricultural
practices in ways that are scientifically valid and
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contextually relevant. The study highlights that
farmers in the Alaotra Lake Region have developed
detailed local soil classifications, identifying twelve
soil types in the south and nine in the north, reflecting
their extensive indigenous knowledge. It also shows
that farmers use 14 local indicators to assess soil
fertility, which aligns with scientifically validated
methods, demonstrating that local practices are
consistent with broader agricultural standards. These
local classifications not only complement existing
scientific knowledge but also provide additional
insights beyond the French Soil Classification
(CPCS), suggesting that integrating indigenous
knowledge can enhance scientific soil management.
The study confirms that these local soil fertility
indicators are effective and comparable to those used
globally, highlighting the scientific robustness of
indigenous knowledge. Additionally, the article
introduces a conceptual framework for integrating
local knowledge with scientific research, offering a
structured approach to incorporating indigenous
expertise into agricultural development. The approach
bridges the gap between traditional knowledge and
modern science, fostering a more holistic
understanding of soil management and improving
agricultural practices.

Participatory Approaches in Soil Research and
Management. Wadoux and McBratney (2023)
synthesize various participatory approaches in soil
research and management, focusing on involving non-
experts, such as local farmers and community
members, in data collection and analysis.
Participatory projects significantly contribute to
scientific ~ progress by incorporating diverse
perspectives and local expertise, ensuring research
outcomes are more relevant and applicable to real-
world conditions. These projects often lead to positive
social outcomes, such as increased community
engagement and empowerment. However, the long-
term impacts of these participatory approaches are
often underreported, limiting the understanding of
their sustained effects on agricultural development
and soil management. The research highlights the
benefits of integrating local knowledge with scientific
inquiry and the need for more comprehensive
evaluations of long-term impacts.

Addressing Climate Change and Disaster Risks

Evaluation of climate-induced hazards risk for
coastal Bangladesh. A participatory approach-based
assessment, Geomatics, Natural Hazards and Risk:
Faisal et al. (2021) investigate the impacts of climate-
induced hazards in coastal regions of Bangladesh
using a participatory approach that combines
workshops and field interviews. Workshops are
organized to facilitate collaborative discussions
among community members, stakeholders, and
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experts, fostering the sharing of insights and
collective assessment of climate-related risks. Field
interviews further support this by collecting firsthand
information from residents about the effects of
climate hazards and their specific needs and
experiences. The key strengths of this approach lie in
its comprehensive engagement, ensuring that disaster
risk reduction strategies are informed by local
knowledge and real-world conditions, which leads to
more accurate and contextually relevant solutions. By
tailoring strategies to the specific needs of the affected
areas, the participatory process enhances contextual
relevance. However, the approach has weaknesses,
such as dependence on external resources for
implementing some recommended strategies, like
infrastructure improvements, which may extend
beyond the capabilities of PDC alone. Additionally,
without incorporating additional scientific or
technical expertise, the participatory approach may
not fully address the technical aspects of disaster risk
reduction. Thus, while PDC effectively engages local
knowledge and develops relevant strategies, it is used
alongside technical disaster risk reduction methods to
ensure a comprehensive approach that addresses
broader climate adaptation needs. Thus, while PDC
effectively engages local knowledge and develops
relevant strategies, integrating it with technical
disaster risk reduction methods strengthens the
approach, ensuring that both local insights and
scientific expertise are combined to address broader
climate adaptation needs.

Faisal et al. (2021) investigate the impacts of
climate-induced hazards in coastal Bangladesh using
a participatory approach that combines workshops
and field interviews. The workshops facilitate
collaborative  discussions among  community
members, stakeholders, and experts, promoting the
sharing of insights and collective assessment of
climate-related risks. Field interviews complement
this by collecting firsthand information from residents
about the effects of climate hazards and their specific
needs and experiences.

A key strength of this approach is its
comprehensive engagement, ensuring that disaster
risk reduction strategies are informed by local
knowledge and real-world conditions, leading to more
accurate and contextually relevant solutions. By
tailoring strategies to the specific needs of the affected
areas, the participatory process enhances the
relevance and effectiveness of interventions.

Conclusion and Recommendations

This review affirms the transformative potential of
Participatory Development Communication (PDC) in
fostering inclusive, responsive, and sustainable
agricultural development. PDC enhances local
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ownership, integrates indigenous knowledge,
promotes  collaborative  decision-making, and
supports technology adoption tailored to farmers’
unique contexts. Across various studies, its
effectiveness is evident in improving agricultural
outcomes and  building resilience  against
environmental and economic shocks.

However, several constraints hinder its full
realization. Chief among these are entrenched top-
down communication structures, limited exposure to
innovative participatory tools, inadequate integration
with  technical disciplines, and sociopolitical
challenges such as stakeholder distrust. These
limitations underscore the need to reposition PDC not
as an isolated approach, but as part of an integrated
development strategy that includes scientific and
technological expertise.

To maximize its impact and sustainability, PDC
must evolve into a dynamic and adaptive framework -
one that is responsive to the complexities of
contemporary agricultural systems. Its success hinges
on its ability to embrace co-innovation, leverage
digital technologies, and foster knowledge co-creation
through inclusive dialogue.

Based on the findings, the

recommendations are proposed:

following

o [nstitutionalize Participatory Communication
in agricultural policies and programs
Policymakers should embed participatory
mechanisms in every stage of program
development -  from  planning  to
implementation and evaluation. This includes
establishing platforms such as farmer
consultation councils and participatory
monitoring systems to ensure continuous and
meaningful stakeholder engagement.

o Integrate scientific, technical, and
participatory  approaches  Development
strategies should encourage collaboration
among farmers,

* extension  workers,  researchers, and

communication specialists. Jointly designed
interventions that combine expert knowledge
with local practices will enhance relevance,
adoption, and effectiveness.

* Leverage digital tools for enhanced farmer
engagement Stakeholders should invest in
user-friendly digital platforms such as mobile
apps, SMS services, community radio with
feedback channels, and online forums, that
facilitate real-time knowledge sharing and
farmer participation. These tools are
particularly vital in reaching remote areas and



enabling
challenges.

rapid response to emerging

*  Adopt context-specific, flexible frameworks
for implementation Rigid, one-size-fits-all
strategies must give way to adaptable

frameworks that respect local cultures,
resources, and ecological  conditions.
Participatory ~ Action  Research ~ (PAR),

Communication for Social Change (CFSC),
and Agricultural Knowledge and Information
Systems (AKIS) should be localized to meet
the distinct needs of each farming community.

o Foster  cross-learning  between  local
innovations and global best practices
Encouraging farmer-to-farmer exchanges,
regional learning hubs, and open-access
knowledge repositories can facilitate the
dissemination of effective practices. This
cross-learning can accelerate innovation and
help communities adapt to globalization,
climate change, and shifting market demands.

* Embed PDC in climate change adaptation
strategies as climate-related shocks become
more frequent, participatory approaches must
be central to designing and implementing
climate-smart agricultural solutions. This
ensures that farmers not only adapt more
effectively but also shape the innovations that
safeguard their livelihoods.

In conclusion, Participatory = Development
Communication holds significant promise as a
catalyst for equitable and sustainable agricultural
transformation. Its strategic integration with other
disciplines, technologies, and policy structures will be
essential in addressing the complex challenges of food
security, environmental change, and inclusive rural
development in the years ahead.
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Biosystems Journal or an expert to submit a paper in line with the theme of the volume to be published. Invited
papers may be in the form of a full paper, research note or a review article. A review article gives information
on a particular field of study, recent major advances and discoveries, significant gap in the research, current

debates, and ideas or recommendations for future advances.

At least one expert on the subject matter will review the invited paper. Instructions for submitting a full paper
and research note are in numbers 1-5 of the author guidelines.

6.1 Format

The Abstract consists of 220 words or less that summarizes the topic of the review. The current
challenges and perspective on the topic are addressed, with significant conclusion and recommendations.

The Introduction states the purpose of the review. It presents a short background of the nature of the
problem and its aspects of being resolved. The limitations of current solution or studies are included.

The Body presents the current studies and major advances or discoveries and impact on the present
situation of the problem. Evaluation of studies such as applicability and availability of the methods used to

certain areas and situation or statistical significance are elaborated.

The Conclusion summarizes the overall or major impacts and main points of the current studies.
Recommendations for future advances of the research on the subject matter are presented.

The Literature Cited follows the instructions in number 2.6 of the author guidelines.
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EDITORIAL POLICY

Authors should:

designate a corresponding author who will be responsible in coordinating issues related to submission
and review, including ensuring that all authorship disagreements are resolved appropriately;

submit original work that has been honestly carried out according to rigorous experimental standards;
give credit to the work and ideas of others that led to their work or influenced it in some way;
declare all sources of research funding and support;

submit manuscripts that are within the scope of the journal by ensuring that they abide by the journal’s
policies and follow its presentation and submission requirements;

explain in a cover letter if there are special circumstances when the manuscript deviates in any way
from a journal’s requirements or if anything is missing and ensure that the manuscripts do not contain
plagiarized material or anything that is libelous, defamatory, indecent, obscene or otherwise unlawful,
and that nothing infringes the rights of others;

ensure they have permission from others to cite personal communications and that the extent, content,
and context have been approved;

provide details of related manuscripts they have submitted or have in press elsewhere; and

check the references cited to ensure that the details are correct.

Authors should not:

submit the same or a very similar manuscript to more than one journal at the same time, present their
work, or use language, in a way that detracts from the work or ideas of others;

be influenced by the sponsors of their research regarding the analysis and interpretation of their data or
in their decision on what to, or not to publish and when to publish;

divide up the papers inappropriately into smaller ones in an attempt to increase their list of publications;
be involved in ‘ghost’ or ‘gift’ authorship;

use information privately obtained without direct permission from the individuals from whom it was
obtained;

make exaggerated claims about the novelty or significance of their findings;
misrepresent or inappropriately enhance their results by any means;

make significant changes to their manuscript after acceptance without the approval of the editor or
journal editorial office; and

submit a manuscript that has been rejected by one journal to another journal without considering the
reviewers’ comments, revising the manuscript, and correcting presentational errors.

Reviewers should:

Maintain the confidentiality of all manuscript content throughout the review process Provide an
unbiased evaluation of the scientific papers; and

Contribute to improving the quality of submitted manuscripts by reviewing them carefully,
thoughtfully, and objectively Submit their evaluations on or before the stated deadline. If a delay is
unavoidable, they must inform the managing editor promptly.
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Reviewers should not:

Share or copy information from the manuscripts for any purpose;

Accept an invitation to review a manuscript if the intention is only to gain insights without submitting
a completed evaluation form Use any information from the evaluated manuscript for their own research
if the manuscript is still under review; and

Suggest that authors cite their own research papers unless it is genuinely relevant to the work being
reviewed.

Plagiarism Policy

The journal not only promotes and advocates for the original works of its authors but also supports the
protection of intellectual property rights. The use of plagiarized content in papers is a violation of
research and originality standards. All authors submitting manuscripts to the journal are required to
declare the originality of their work, avoid all forms of plagiarism, and adhere to ethical guidelines. If
plagiarism is identified during the peer review process, the manuscript will be rejected.

Post-publication and Malpractice Statement

In the event that plagiarism or misconduct is discovered after publication, the journal reserves the right
to take appropriate action to correct any inaccuracies or retract the paper. Requests for corrections by
authors to address errors that impact the interpretation of the manuscript after publication are subject
to approval by the editor. If a reader identifies a serious error, they are encouraged to contact the authors
of the paper directly.

Ethical Guidelines for Authors

Ensure that the manuscript submitted for review is original, based on research, written by the listed
authors, has not been published elsewhere, and is not being submitted simultaneously to other journals.

Obtain approval from all authors and the research institutions where the study was conducted before
submitting the manuscript.

Ensure that individuals who contributed to the research receive appropriate acknowledgment. Avoid
plagiarism and the use of fabricated data. Declare any conflicts of interest. Do not cite unpublished
work.

Peer Review Policy

The journal employs a double-blind peer review process, ensuring that both reviewers and authors
remain anonymous to one another. Under this process, the journal invites two experts to evaluate each
manuscript. The manuscript will be returned to the authors for revisions based on the referees’
comments and suggestions. Revisions will continue until the referees approve the manuscript.

The editorial board reserves the right to close the review process if authors fail to respond to necessary
revisions or if the referees do not recommend the manuscript for publication. The final
recommendation of the referees will be considered by the editor in chief when making the decision to
publish.
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