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Abstract

Nutrient management adopting various decision-support tools plays a key role in obtaining better rice yield. Thereby,
three nutrient management strategies; i.e., Regional Soil Laboratory (RSL), Rice Crop Manager (RCM), and Farmers’
Fertilizer Practice (FFP) for lowland rice production were tested. The experiment was laid out in an RCBD with four
treatments and three replications. The treatments were To = Control; T; = RSL; T2 = RCM; Tz = FFP. Results revealed
that rice plants under FFP applied with higher amounts of N, P20s, and KO significantly headed and matured late
than unfertilized control and RSL but no significant difference from that of RCM. Rice plants under RCM developed
significantly more productive tillers when compared to all other treatments except for RSL which produced a similar
number of productive tillers. Rice plants under RSL obtained significantly higher grain yields but were comparable
with RCM. The highest gross margin and highest return on investment (ROI) were obtained in plants under RSL with
Php 65,226.73 ha*and 90.55%, respectively while the control plants obtained the lowest gross margin of Php 9,294.44
ha. The nutrient requirements of NSIC Rc176H should follow both RSL and RCM for excellent growth, better yield,
and higher income. Therefore, RSL and RCM nutrient management decision tools are strongly recommended for rice
farmers’ adoption to assure of achieving better yield, high gross margin, and equitable ROI under irrigated lowland
ecosystems.
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1. Introduction

Rice (Oryza sativa L.) is the staple food of more
than half of the world’s population (Ricepedia,
2018). It is the most important agricultural crop
and a major source of income for millions of
farmers in the Philippines (Cororaton, 2004).
Global rice production relies on the use of
fertilizer to ensure a sufficient supply of staple
food for half the world’s population (GRiSP,
2013). Fertilizer typically represents about 10—
30% of total production costs for irrigated rice in
Asia (Moya et al., 2004; Pampolino et al., 2007).
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Nutrient management has been recognized as one

of the complex innovations that require
substantial knowledge of soil properties, variety,
weather, and local growing conditions.

Unfortunately, farmers have limited access to this
information, especially soil chemical analysis.
Soil test results provide the farmer with the
estimated amount of nutrients present in the soil
as the basis of fertilizer recommendations (Baker
et al., 2002). Applying the appropriate amount of
the needed fertilizer will give the farmer a chance
to obtain the desired crop yield. The soil analysis
deals interpretation only with the fertility level
(Plant nutrients) of the soil. Other factors of
production or management may still cause low
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yields, even though nutrients are adequate. The
accessibility to laboratories is another limiting
factor since it is only located in regional offices.
A recent rice crop nutrient decision support tool is
the Rice Crop Manager (RCM), a computer-based
decision support tool that provides irrigated and
rainfed lowland rice farmers with a crop and
nutrient management guideline customized to the
needs of an individual farmer (IRRI, 2019). The
RCM technology has been disseminated to rice
farmers across the country through the
Department of Agriculture and various Local
Government Units (LGUs). However, data
revealed that only a few farmers who were
provided with the RCM guidelines had followed
its recommendations (Agting et al., 2017).
Farmers still opted to use their traditional
practices because of the hesitancy to follow the
recommendations, feeling the need to adjust the
recommendations, inability to access the input
markets, and late receipt of the recommendation
(Manalo et al., 2021).

The challenge is how to make this technology
adaptable to rice farmers. There is a need to
showcase these technologies so that the saying to
see is to believe the mentality of Filipinos can be
resolved. Documentation and comparative study
of these crop nutrient decision support tools in rice
are necessary to evaluate their effectiveness and
promote adoption by farmers. Hence this study is
to evaluate the Regional Soil Laboratory (RSL),
Rice Crop Manager (RCM), and Farmers’
Fertilizer Practice (FFP) as the basis for nutrient
management decisions for irrigated lowland rice;
compare the nutrient requirements of NSIC
Rc176H (Pioneer 73) based on the RSL, RCM,
and FFP under Cantilan, Surigao del Sur
conditions. Evaluate the agronomic characteristics
and yield components of NSIC Rc176H applied
with fertilizer based on the three rice crop nutrient
management decision support tools. And to
determine the marginal cost and return analysis of
rice production using the three rice crop nutrient
management decision support tools under
irrigated lowland ecosystems.
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2. Materials and methods

This study was conducted in an irrigated lowland
ecosystem in Brgy. Calagdaan, Cantilan, Surigao
del Sur, Philippines from June 5, 2022, to
September 24, 2022. One-on-one interview with
the target farmer-cooperator was conducted
before seed sowing to generate fertilizer
recommendations based on RCM. Another survey
interview was conducted with ten randomly
selected rice farmers in Cantilan, Surigao del Sur,
Philippines to indicate their common fertilizer
application rates for the Farmers’ Fertilizer
Practice. Ten soil samples were collected
randomly from the experimental area before land
preparation. These were composited, air-dried,
pulverized, sieved, and submitted for analysis.
The result of the soil analysis was used as the basis
for the Regional Soils Laboratory fertilizer
recommendation of the study. A total area of 315
m? was utilized in this study. The soil was puddled
three times using a hand tractor at weekly
intervals.

2.1. Experimental design and treatments
The experiment was laid out in a Randomized

Complete Block Design (RCBD) with four
treatments and three replications. The four
treatments were To = Control; T: = Regional Soil
Laboratory (RSL); T. = Rice Crop Manager
(RCM); T3 = Farmers’ Fertilizer Practice (FFP).
Each plot measured 4 m x 5 m (20 m?) with bunds
constructed around each treatment plot with a
dimension of 0.5 m wide with a height of 15 cm
to avoid contamination of treatments. To further
avoid treatment contamination, canals were made
in between replications at a width of 0.5 m.

2.2.Cultural management practices
Table 1 shows the amount of inorganic fertilizer

applied per plot. The experimental area was
submerged for leveling the field was drained
during transplanting to facilitate the transplanting
operation.  Fifteen-day-old seedlings  were
transplanted at a spacing of 20 cm x 20 cm with
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two seedlings per hill. Missing hills were
replanted one week after transplanting. Rotary
weeding was undertaken two weeks after
transplanting, followed by hand weeding one
week later to remove the weeds around the hill
which were not removed during rotary weeding.
Proper irrigation was implemented throughout the
growth and development of the rice plant.
Spraying of molluscicide (Sure kill) was done one
day before transplanting to control the golden
apple snail (Pomacea canaliculata Lamarck).
Vermitea was sprayed on 20 DAT and every two

weeks thereafter to control pests’ infestations like
leaf folder and rice bugs (Leptocorisa acuta
Thunb). Scarecrows were also installed at the
grain-filling stage until harvest to protect the crop
from birds. Rice was harvested when 85% of the
panicle grains in each treatment plot had ripened
as indicated by its firm grains. Sharp sickles were
used to cut the rice panicles at the base. All sample
plants per treatment in the harvestable area (15.12
m?) were used for gathering the agronomic
characteristics, yield and yield components, and
harvest index.

Table 1. Amount (kg ha*) of N, P,Os, and KO applied per hectare

Treatment N P20s K20 Total
To — Control - - - -

T1— Regional Soils Laboratory 105.50 25.00 7.00 137.50
T, — Rice Crop Manager 63.76 16.38 16.38 96.52
T3 — Farmers’ Fertilizer Practice 183.50 35.00 95.00 313.50

2.3. Data gathered
The agronomic characteristics gathered were the

number of days from sowing to heading, number
of days from sowing to maturity, plant height
(cm), and leaf area index (LAI). For yield and
yield components, the following parameters were
gathered: the number of productive tillers, percent
filled and unfilled spikelets, panicle length (cm),
panicle weight (g), the weight of 1,000 grains, and
grain yield. Other parameters gathered were the
harvest index, soil test results, and climatic data.

2.4. Statistical analysis

The analysis of variance (ANOVA) of all data was
done using the Statistical Tool for Agricultural
Research (STAR). Honestly, a significant
difference or Tukey’s test was used for
comparison among treatment means based on a
5% level of significance.

3. Results and discussion

3.1. Climatic Data
Table 2 shows the total weekly rainfall (mm),
temperatures (Minimum and maximum, °C), and
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relative humidity (%) throughout the conduct of
the study. The amount of rainfall from sowing to
harvesting ranged from 18.59 mm to 175.06 mm
with an average weekly rainfall of 66.08 mm. The
average minimum and maximum temperatures
were 27.15°C and 29.51° C, respectively while the
average relative humidity was 80.63%. The data
shows that the recorded average weekly rainfall of
66.08 mm is within the weekly rainfall
requirement for normal vegetative and
reproductive growth of rice crops which is from
45 to 75 mm (Yoshida 1981). Moreover, the
average minimum and maximum temperatures
(27.15°C - 29.51°C) during the growing period of
rice were close to the temperature range
requirement of 27°C to 32°C for normal growth
and development (Yin et al., 1996). The average
relative humidity of 80.63% was within the
recommended range for rice cultivation between
60 to 85% (Rathnayake et al., 2016). Hence, the
amount of rainfall, temperature, and relative
humidity values were within the range for
optimum growth and development of the rice
plants.
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Table 2. Total weekly rainfall (mm), average daily minimum, and maximum temperatures (°C) and relative humidity
(%) during the duration of the study (June 5, 2022, to September 24, 2022)

. Rainfall Temperature (°C) Relative

Week Period (mm) Minimum Maximum _ humidity (%)
1 (June 5-11, 2022) 52.09 27.01 29.10 81.25

2 (June 12 - 18, 2022) 18.59 27.32 29.37 77.88

3 (June 19 - 25, 2022) 28.40 26.88 29.16 77.88

4 (June 26 - July 2, 2022) 81.14 27.14 28.94 84.31

5 July 3 -9, 2022) 47.33 26.84 29.13 84.56

6 (July 10 - 16, 2022) 58.36 27.28 29.84 76.31

7 (July 17 - 23, 2022) 65.27 27.04 29.12 82.00

8 (July 24 - 30, 2022) 34.04 27.55 30.08 77.31

9 (July 31 - Aug 6, 2022) 80.02 26.87 28.83 83.50
10 (Aug 7 - 13, 2022) 66.84 26.89 29.19 84.62
11 (Aug 14 - 20, 2022) 51.63 26.85 29.57 83.25
12 (Aug 21 - 27, 2022) 111.65 27.08 29.63 78.25
13 (Aug 28 - Sept 3, 2022) 34.09 27.53 30.12 82.38
14 (Sept 4 - 10, 2022) 47.83 27.04 29.67 82.12
15 (Sept 11-17, 2022) 175.06  27.41 30.39 77.06
16 (Sept 18 - 24, 2022) 104.93  27.59 30.10 77.44
Total 1,057.27 434.33 472.23 1,290.12
Mean 66.08 27.15 29.51 80.63

3.2. Farmers’ Interview college level, one was a high school

The demographic profile

of the farmer—

undergraduate and only two farmers were college

respondents are presented in Table 3 based on the
farmer’s interview conducted for RCM and FFP.
Data showed that out of the 11 farmer-
respondents, seven were male and four were
female. Most of the farmers were above 40 years
old of age. The average age of the rural farmer
respondents was 52 years old. Most of them did
not complete any formal schooling wherein four
farmers were elementary undergraduates and

graduates. In terms of source of income, six of the
farmer-respondents were full-time farmers, three
have part-time jobs as laborers and unskilled
workers such as housemaids and tricycle drivers,
and only two were employed. Their average
monthly income was Php7,036.36 which was
below the poverty threshold, of Php9,064.00
(Philippine Statistics Authority, 2016).

Table 3. Demographic profile of farmer — respondents for RCM and FFP

Farmer Gender Age sCtIa\;LIJIs i?tlzi\?ﬁ;%%il Source of income ﬁ\égﬁge@rﬂg)n thly
1 Female 62 Married Elementary level Farming 3,500.00
2 Female 34 Married  College level Farming 5,500.00
3 Male 50 Married  College level Farming, Tricycle driver 6,000.00
4 Male 46 Married College level Farming 2,000.00
5 Female 38 Married College Graduate Farming 7,000.00
6 Male 59 Married ~ High School level Farming, Employed 12,000.00
7 Male 58 Married  Elementary level Framing, Laborer 7,700.00
8 Male 53 Married  Elementary level Farming 7,700.00
9 Female 65 Married  Elementary level Farming, Housemaid 5,000.00
10 Male 58 Married  Elementary level Farming 6,000.00
11 Male 45 Married  College Graduate Farming, Employed 15,000.00
Average 52 7,036.36
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Most of the farmer-respondents were tenants and
small land-holders with an average farm size of
0.82 hectares as presented in Table 4. They have
been into rice farming for over ten years.

Most of the farmer-respondents used the Pioneer
73 hybrid rice variety during the previous dry
cropping season wherein their average yield was
4.48 mt hat.

Table 4. Farm profile of farmer — respondents for RCM and FFP

Farm area Years in . . Yield
Farmer (Hectares) Land tenure farming Hybrid variety (MT/ha)
1 1.00 Tenant 39 Pionner 73 4.23
2 1.00 Tenant 12 Pionner 73 4.30
3 0.85 Tenant 18 Pioneer 79 4.32
4 1.00 Tenant 15 Bigante Plus 3.02
5 0.79 Tenant 10 Bigante Plus 3.75
6 1.00 Owner 35 LP937 5.90
7 0.13 Laborer 28 LP937 4,54
8 0.50 Tenant 23 Pionner 73 3.47
9 1.02 Tenant 35 Bigante Plus 4.38
10 1.00 Tenant 30 Pionner 73 5.04
11 0.73 Owner 20 Pioneer 73 6.12
Average 0.82 24 4.48

3.3.Soil Chemical Properties
Table 5 shows the soil test results before planting

and after the harvest of irrigated lowland rice
(NSIC RC176H). The initial soil analysis showed
that the area had a pH of 5.06 and 3.40 % organic
matter, 8 ppm available P, and 241 ppm
exchangeable K. The data indicated that the soil
was very strongly acidic with a low amount of

organic matter and available P based on Landon
(1991). A slight decrease in soil pH, OM, and
amount of total P and K were noted after harvest
compared to the initial soil analysis. These
findings could be due to the utilization of organic
matter, phosphorus, and potassium elements
through plant uptake.

Table 5. Soil test results before and after harvest of irrigated lowland rice (NSIC RC176H) under different nutrient

management decision support tools

Treatment Soil pH OM (%) P (ppm) K (ppm)
Initial Soil Analysis 5.06 3.40 8.00 241.00
Final Soil Analysis

To — Control 5.05 2.90 7.00 62.00

T1— Regional Soils Laboratory 4.92 2.90 6.00 83.00

T2 — Rice Crop Manager 4.83 3.00 6.00 97.00

T3 — Farmers’ Fertilizer Practice 4.92 2.80 7.00 84.00
3.4. Agronomic Characteristics variance showed that only the number of days
The agronomic characteristics of irrigated from sowing to heading and maturity of rice were

lowland rice (NSIC RC176H) as affected by the
different nutrient management decision support
tools are presented in Table 6. Analysis of
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significantly affected by the different nutrient
management decision support tools adopted.
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Table 6. Agronomic characteristics of irrigated lowland rice (NSIC RC176H) as influenced by the different nutrient

management decision-support tools

Number of days from sowing to Plant
Treatment Heading Maturity height Leaf area index
(cm)

To — Control 68.67° 100.00¢ 107.47 2.64

T1— Regional Soils Laboratory 72.67° 105.67¢ 113.30 3.37

T, — Rice Crop Manager 74.00® 107.33° 116.43 4.42

Ts — Farmers’ Fertilizer Practice 75.33a 110.672 110.18 3.20

CV.% 1.24 0.75 7.04 37.85

Columns having the same letter(s) are not significantly different from each other at 5% level of significance

Rice plants under farmers’ fertilizer practice
(FFP) significantly headed later (75.33 days) than
unfertilized control (To) (68.67 days) and RSL
(T1) (72.67 days) but no significant difference
than that of RCM (T>) with 74.0 days. Relative to
the number of days from sowing to maturity, FFP
significantly matured late (110.67 days) when
compared to all other treatments tested. According
to Sedeek et al. (2009), differences in the number
of days to complete a heading among rice varieties
are influenced by fertilization coupled with the
effect of environmental factors such as soil, and
weather conditions. The result of this study
implies that increasing the amount of N, P.Os, and
K20 lengthens the number of days to complete
heading and maturity.

Relative to plant height and LAI, results revealed
that plants under RCM obtained slightly higher
plant height and LAI compared to the other
treatments but it did not contribute significant
differences between the two parameters.
According to a study by Wu et al. (2020), plant
height increased potentially due to the addition of
nitrogen, which promotes cell expansion,
increasing stem elongation and consequently
obtaining a longer plant height. The favorable
effect of nitrogen on both leaf development and
leaf area duration of the plant can be linked to the
increase of LAI (Fageria, 2007). The results of this
study did not conform to the findings of Wu et al.
(2020) and Fageria (2007) since RCM fertilizer
recommendations applied only with smaller

24

amounts of nitrogen (63.76 kg ha) compared to
RSL (105.50 kg hat) and FFP (183.50 kg ha?).

3.5.Yield and yield components and harvest
index
Tables 7 and 7a show the yield and vyield

components and harvest index of irrigated
lowland rice (NSIC RC176H) as affected by the
different nutrient management decision support
tools tested. Analysis of variance showed that
yield and the yield components of NSIC RC176H
were not significantly affected by the different
nutrient management decision support tools
except for the number of productive tillers and
grain yield.

Rice plants under RCM (T,) developed
significantly more productive tillers (13.97 tillers)
when compared to all other treatments except for
RSL (T1) which produced an almost similar
number of productive tillers (13.13 tillers). This
result conforms with the findings of Fernandez
(1991) that the application of inorganic fertilizer
to rice plants using the RCM (T) tool resulted in
the development of more productive tillers
compared to the unfertilized (control). This is also
superior to that of the farmers’ practice (T3).
Moreover, rice plants under RSL (T1) produced a
significantly higher grain yield (7.63 mt ha*) than
those of other treatments except RCM (T2) which
produced a closely similar yield of 6.72 mt ha.
The study showed that plants under RCM (T>)
obtained a relatively higher percentage of filled
spikelets per panicle and slightly heavier grain
weight which also resulted in a higher harvest
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index. This could be due to the ability of crops to
absorb nutrients and improve grain quantity and
grain  weight per panicle during grain
development. Rice plants under RCM (T>) also
obtained comparable results with RSL (T1) in the
weight of 1,000 grains and harvest index.

Rice plants under FFP (T3) with more amount of
fertilizer applied did not obtain the highest grain
yield. Results indicated that an increase in the
amount of fertilizer does not always guarantee an
increase in grain yield. According to Smith
(2023), over-fertilization can lead to sudden plant
growth with an insufficient root system to supply
adequate water and nutrients to the plants. Excess
fertilizer also alters the soil by creating too high of
a salt concentration, and this can hurt beneficial
soil microorganisms. This was supported strongly
by the findings of Mukherjee (2013) mentioned
that excessive application of nitrogen (N) fertilizer
can harm the soil because too much N might be

detrimental to the growing plants since excess N
is transformed into nitrates which are not useful
anymore for plant growth. This finding reminds
the results of (Saladaga and Batioc, 2022)
stipulated that the combined application of both
organic and inorganic fertilizers at lower rates of
application promoted significantly the agronomic
characteristics, yield, and yield component
parameters especially the weight of marketable
ears of sweet corn resulting in to achieve high
profit. They emphasized further that the combined
application of organic and inorganic fertilizers to
sweet corn is one of the best adaptation strategies
for solving the negative effect of climate change
particularly relative to drought. Thus, the result
implies that it is better to use RCM or RSL, as it
guides the rice farmers on the right amount and
nutrients the plants need, which are important in
improving grain yield components.

Table 7. Yield components of irrigated lowland rice (NSIC RC176H) as affected by the different nutrient management

decision support tools

Number of Spikelets per panicle (%) Panicle
Treatment ductive till length

productive llers — rijjeq Unfilled (cm)
To— Control 11.90b 89.08 10.92 29.82
T1— Regional Soils Laboratory 13.13ab 85.56 14.44 29.39
T, — Rice Crop Manager 13.97a 91.16 8.84 29.21
T3 — Farmers’ Fertilizer Practice 11.83b 86.99 13.01 30.55
CV.% 5.59 4.00 29.86 2.32

Columns having the same letter(s) are not significantly different from each other at 5% level of significance

Table 7a. Yield, yield components, and harvest index of irrigated lowland rice (NSIC RC176H) as affected by the

different nutrient management decision support tools

Panicle . L
Treatment weight We.lght 0f 1,000 Grain yield Harvest index
grains (9) (Tons/ha)
C);
To — Control 7.33 30.00 3.09¢c 0.43
T1 — Regional Soils Laboratory 6.33 33.33 7.63a 0.47
T, — Rice Crop Manager 6.00 33.33 6.72ab 0.47
T3 — Farmers’ Fertilizer Practice 7.33 30.00 6.63b 0.46
CV.% 11.32 13.93 7.83 5.92

Columns having the same letters are not significantly different from each other at 5% level of significance
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3.6.Marginal cost and return analysis on investment (ROI) of 90.55% followed by RCM
The marginal cost and return analysis of irrigated (56.39%).

lowland rice (NSIC RC176H) as affected by the The marginal cost and return analysis revealed
different nutrient management decision support that plants following the RSL fertilizer
tools is presented in Table 8. The highest gross management decision tool resulted in a higher
margin among all the fertilizer management gross margin and ROI. This may be due to the
decision tools used was obtained in T1 (Regional relatively higher yield (7.63 t ha) obtained in this
Soils Laboratory) with Php 65,226.73 ha™. This treatment that even though it incurred higher
was followed by the RCM treatment (T2) with Php variable costs, still it gained a higher gross margin.
43,576.78 ha’. On the other hand, rice plants Moreover, the result implies that it is important to
under control (To) obtained the lowest gross know the right nutrient and amount of fertilizer the
margin with Php 9,294.44 ha** only. In terms of rice plant needs to obtain better results
gross return, RSL also obtained the highest return (PalayCheck System, 2023).

Table 8. Marginal cost and return analysis (ha™*) of irrigated lowland rice (NSIC RC176H) as affected by the different
nutrient management decision support tools

Grain Gross Total variable Gross Return of
Treatment . . . .
yield income cost margin investment
(tha')  (Phpha')  (Phpha?) (Phphal) (%)
To — Control 3.09 55,555.56  46,261.11 9,294.44 20.09
T1— Regional Soils Laboratory 7.63 137,263.17  72,036.45 65,226.73  90.55
T, — Rice Crop Manager 6.71 120,853.02 77,276.23 43,576.78  56.39
T3 — Farmers’ Fertilizer Practice 6.63 119,250.79  85,642.59 33,608.21  39.24

The calculation of gross income is based on the current price of dried palay at Php 18.00 kg

4. Conclusion maturity, FFP significantly matured late when
compared to all other treatments tested. Rice
plants under RCM (T2) developed significantly
more productive tillers (13.97 tillers) when
compared to all other treatments except for RSL
(T1) which produced an almost similar number of
productive tillers (13.13 tillers). Moreover, rice
plants under RSL (Ti) obtained significantly
higher grain yield (7.63 mt ha?l) which was
comparable with RCM (T,) which produced a
closely similar yield of 6.72 mt ha. The marginal
cost and return analysis of NSIC Rc176H rice
production under irrigated lowland ecosystem
showed that RSL obtained the highest gross
of productive tillers per hill and the grain yield. margin of Php 65,226.73 ha'and the highest ROI

Res_u_lts re"eal_ed that ric_e p_la_nts under farmers’ of 90.55% among the other nutrient management
fertilizer practice (FFP) significantly headed later decision tools tested.

than unfertilized control (T,) and RSL (T4) but no
significant difference from that of RCM (T).
Relative to the number of days from sowing to

The Based on the results obtained from the study,
the following conclusions can be drawn to wit: the
nutrient requirements of NSIC Rc176H (Pioneer
73) showed that RSL and RCM involved the lower
application of nutrients (N, P20s, and K;0) than
the rest of the nutrient management decision
support tools. The agronomic characteristics and
yield components of NSIC Rc176H (Pioneer 73)
applied with fertilizer based on the three rice crop
nutrient management decision support tools only
showed significant results on the number of days
from sowing to heading and maturity, the number
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Recommendations

Based on the results of this study, RCM and RSL
nutrient  management decision tools are
recommended to be used by farmers for better
yield, gross margin, and return on investment. A
similar study is suggested to be conducted to
further evaluate the performance of the different
nutrient management decision tools used in this
research undertaking.
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