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ABSTRACT

This study evaluated the growth and yield performance of soybean (Glycine max L) under different tillage systems
and varieties in the agroclimatic conditions of Occidental Mindoro. The research was conducted from January to May 2025
at the Vegetable Production Project of the Occidental Mindoro State College, Murtha Campus, San Jose, Occidental Mindoro.
The study employed a 3 x 3 split-plot design within a randomized complete block design (RCBD). The two factors were:
Factor A (Tillage System: A1-Conventional, A2-Minimum, and A3-No-tillage) and Factor B (Variety: Tiwala 6, Tiwala 14, and
Manchuria). Results showed that the tillage system had no significant effect (p>0.05) on growth parameters such as plant
height, number of leaves, and branches. However, soybean variety had a significant effect (p<0.05) on the number of leaves
and branches, with Tiwala 14 performing the best. Similarly, tillage had no significant effect on yield attributes, whereas
variety significantly influenced the number of pods, seeds per plant, and yield per hectare. Tiwala 14 recorded the highest
yield (4.23 t/ha™"). These results indicate that minimum and no-tillage systems are viable alternatives to conventional tillage
when using a high-performing variety like Tiwala 14 under the agroclimatic conditions of San Jose, Occidental Mindoro.
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INTRODUCTION

Soybean (Glycine max) locally known as “utaw”in the Philippines is recognized as the “golden bean" or the ‘miracle
bean" and a wonder crop (Wang & Komatsu, 2017) because of its versatility and exceptional health benefits. Soybean is
among the major agricultural commaodities imported in the Philippines. The Philippines’ domestic production of soybean is
very low. According to the US-International Trade Administration (2024), the Philippines is one of the top importing countries
of soybeans and other agricultural and food products from the United States. Moreover, Agflow (2023), cited that the
Philippines imports nearly 99% of soybean needs for food and feed from the United States, while only 1% is produced locally.

The low domestic production of soybeans in the country is due to stiff competition among the major crops, such
as rice, corn, and vegetables (Panaynews, 2019). Moreover, Agcopra and Piadozo (2018), cited that soybean has low
comparative advantages as a Philippines agricultural commodity due to high costs of production. The researchers added
that the high cost of production is attributed to current soybean production systems which use conventional or maximum
tillage systems. Furthermore, in the study of Swanson et. al (2020), Maximum tillage systems require higher labor and fuel
costs for land preparation. According to the Department of Agriculture (2011), land preparation using conventional tillage in
soybeans accounts to 16-20% of total production cost per hectare. Moreover, conventional tillage farming not only requires
higher production, it also increases CO, emissions by destroying aggregates and accelerating the loss of soil organic carbon
(SOC) (Liu et al, 2020). Meanwhile, conservation tillage such as no-tillage and ridge tillage positively influences soil
aggregation processes, leading to improved soil structure. Conversion to no-till (NT) has been suggested to decrease the
SOC mineralization (He et al, 2023) and enhance the accumulation of SOC owing to the minimal disturbance of soil (Wuaden
et al, 2020), and reduce production cost.

Although soybeans are an economically important crop in the country, there are limited local studies on soybean
production under Philippine conditions. Thus, the potential of this crop is not fully studied under local conditions. Hence,
study explored the growth and yield of three soybean varieties under three tillage systems.

MATERIALS AND METHODS
Research Design and Experimental Site

The study employed a split-plot design arranged in a randomized complete block design (RCBD) with three
replications. Tillage systems were assigned to main plots, while soybean varieties were allocated to sub-plots. Factor A
consisted of Conventional Tillage (A1), Minimum Tillage (A2), and Zero Tillage (A3), while Factor B included Tiwala 6 (B1), Tiwala
14 (B2), and Manchuria (B3).
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The experiment was conducted at the Vegetable Production Project Area of Occidental Mindoro State College-Murtha
Campus, San Jose, Occidental Mindoro, Philippines, from January to April 2025. The site has a Type | climate characterized
by a wet season (June-November) and dry season (December-May), with clay loam soil. The total experimental area was
210 m?, with 4 m? plots.

Experimental Materials and Sampling

Three soybean varieties—Tiwala 6, Tiwala 14, and Manchuria—were obtained from the Institute of Plant Breeding,
University of the Philippines Los Barios. These varieties have been previously evaluated in several locations in the Philippines,
including Isabela, Nueva Ecija, and CARAGA. Data were collected from 27 experimental units, with 26 randomly selected
plants per plot using simple random sampling.

Cultural Management Practices

Field preparation involved removal of previous crop residues with minimal soil disturbance, followed by irrigation
to soften the soil. Conventional and minimum (strip) tillage was prepared at a depth of 175 inches, while zero tillage plots
were prepared by clearing weeds and making planting holes (2 inches wide, 1 inch deep) based on a spacing of 15 cm
between hills and 40 cm between rows. Direct seeding was done using the hill method at 1-inch depth, with two seeds per
hill. Thinning was conducted 14 days after sowing. Drip irrigation was installed prior to planting and scheduled according to
crop growth stage and soil moisture conditions. Fertilizer was applied once at 28 DAS using complete fertilizer (14-14-14) at
a rate of 100 kg ha™. Manual weeding was conducted twice weekly, while pest and disease management included
monitoring, manual removal, and pesticide application when necessary. Harvesting was done manually based on varietal
maturity (90-105 DAS), followed by sun-drying and seed moisture reduction to 10-12% prior to storage (Department of
Agriculture, 2011).

Data Collection Procedures

Growth parameters measured at 60 DAS included plant height, leaf number, and branch number from 26 sampled
plants per plot. Pod count was recorded at 86 DAS, while seed number and seed weight were determined after harvest.
Yield per hectare [(mt ha™") was computed from seed weight per plot using standard conversion procedures.

Data Analysis

Data were encoded in Microsoft Excel and exported in CSV format for analysis using the Statistical Tool for
Agricultural Research (STAR). Analysis of variance (ANOVA) for split-plot design was used to determine treatment effects.
Treatment means were compared using Tukey's Honestly Significant Difference (HSD) test at a 5% level of significance.

RESULTS
Growth and Yield Performance of Selected Soybean (Glycine Max) Varieties

Table 1. Growth and Yield Performance of Selected Soybean (Glycine Max) Varieties

Parameter Al A? A3 B1 B2 B3 AxB
Plant height (cm) 97.67 94.12 92.02 9442 93.89 95.50 ns
Leaf number 57.10 50.64 55.57 54.72% 67542 41.05¢ ns
Branches 489 44k 499 470% H41a 420» ns
Pods per plant 150.03 144.15 153.00 153.79» 166.04= 127.35% *
Seeds per plant 289.37 277.54 29158 300.64P 336.522 221.32¢ ns
Seed weight (g) 4290 39.35 42 86 38.26= 1702 3181 ns
Yield (mt/ha) 419 3.80 392 394ap 423a 373v ns

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

Soybean plant height varied across treatments, with Conventional Tillage (A1) producing the tallest plants (97.67
cm) and Zero Tillage (A3) the shortest (92.02 cm). Among varieties, Manchuria (B3) recorded the tallest plants [95.50 cm),
while Tiwala 14 (B2) had the lowest (93.89 cm). For leaf count, AT had the highest production (57.10) and A2 the lowest (50.64),
while Tiwala 14 (B2) showed the highest leaf count (67.54) and Manchuria (B3) the lowest (41.05). For number of branches,
Zero Tillage (A3) recorded the highest mean (4.99), followed by A1 (4.89), while A2 had the lowest (4.44). Varietal differences
were significant, where Tiwala 6 (B1) and Manchuria (B3) were statistically similar but both differed from Tiwala 14 (B2). In
terms of pods, A3 produced the highest mean (153.00) and A2 the lowest (144.15), while B2 significantly differed from B1and
B3. For number of seeds per plant, A3 had the highest mean (291.58) and A2 the lowest (277.54), while B2 recorded the highest
varietal mean (336.52) and B3 the lowest (221.32). Seed weight was highest under A1 (42.90 g), closely followed by A3 (42.86
g), while A2 had the lowest (39.35 g). Among varieties, B1 and B2 showed the highest seed weight (4170 g), while Manchuria
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recorded the lowest (31.81 g). For yield per hectare, A1 produced the highest yield (419 mt/ha), closely followed by A3 (3.92
mt/ha), while A2 had the lowest (3.80 mt/ha). In terms of varieties, B2 recorded the highest yield (4.23 mt/ha), followed by
B1(3.94 mt/ha), and B3 the lowest (3.83 mt/ha).

Analysis of Variance

The results revealed that different tillage systems had no significant effect (p>0.05) on the plant height, number
of leaves, number of branches, number of pods, number of seeds, seed weight, and yield per hectare of soybeans. Likewise,
no significant interaction effect was observed between tillage systems and soybean varieties across all parameters
evaluated. However, soybean varieties significantly influenced several growth and yield characteristics. Highly significant
differences (p<0.01) among varieties were observed in the number of leaves, branches, pods, seeds, and seed weight, while
yield per hectare differed significantly (p<0.05). These findings indicate that varietal differences had greater influence on
soybean growth and productivity than the tillage systems used in the study.

Table 2. Analysis of Variance.

SOURCE DF SS MS F P
Plant height

Replication 2 4356 2178

Tillage (A) 2 152.89 76.44 3.05 0.16
Error  (a) 4 100.22 25.06

Variety (B) 2 16.22 8.1 0.64 0.54
AxB 4 98.22 24.56 1.94 0.17
Error (b) 12 15156 12.63

Total 26 562.67

Number of leaves

Replication 2 480.96 240.48

Tillage (A) 2 199.41 99.70 220 0.23
Error  (a) 4 181.04 45.26

Variety (B) 2 3148.07 1574.04 24.92 0.00*
AxB 4 109.26 2131 043 0.78
Error (b) 12 758.00 63.17

Total 26 4876.74

Number of branches

Replication 2 12.52 6.26

Tillage (A) 2 0.96 0.48 325 0.15
Error () 4 0.59 0.15

Variety (B) 2 9.41 470 13.37 0.00*
AxB 4 0.37 0.09 0.26 0.90
Error (b) 12 4.22 0.35

Total 26 28.07

Number of pods

Replication 2 10050.90 5025.44

Tillage (A) 2 360.20 180.11 0.35 0.72
Error  (a) 4 2058.20 514.56

Variety (B) 2 707490 3537 444 3412 0.00*
AxB 4 2182.20 545.56 5.26 0.01
Error (b) 12 1244.20 103.69

Total 26 22970.70

Number of seeds per plant

Replication 2 13216.10 6608.00

Tillage (A) 2 1053.60 526.80 0.27 0.78
Error () 4 7939.00 1984.80

Variety (B) 2 62804.50 31402.30 4596 0.00*
AxB 4 2742.60 685.60 1.00 0.44
Error (b) 12 8198.20 683.20
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Total 26 95954.10

Seed weight per plant (g)

Replication 2 395.63 197.82

Tillage (A) 2 53.41 26.70 0.78 0.52
Error (a) 4 13770 3443

Variety (B) 2 451,63 225.82 20.32 0.00™
AXB 4 26.37 6.59 0.59 0.67
Error (b) 12 133.33 nn

Total 26 1198.07

Yield ha™' (mt)

Replication 2 2.81 140

Tillage (A) 2 0.72 0.36 0.99 0.45
Error  (a) 4 144 0.36

Variety (B) 2 112 0.56 6.91 0.01
AxB 4 0.82 0.21 2.53 0.10
Error (b) 12 097 0.08

Total 26 7.89

** = Highly significant (p<0.01)
ns = not significant (p>0.05)

DISCUSSION

Plant height is a crucial parameter to crop growth and productivity. Soybean growth is driven by the interaction
of genetics, environment, and management factors (Yang et al.,, 2021). Intensive tillage fundamentally shifts the physical,
chemical, and biological properties of the soil, directly modifying how the crop develops. In this current study, the effect of
conventional tillage, minimum tillage, and zero tillage on plant height of soybeans is found insignificant. This finding suggests
that conventional tillage, minimum and zero tillage systems do not significantly affect the plant height of soybeans.
According to Wang et al. (2020), zero-tillage commonly increases soil organic carbon, reduces CO, flux from the soil, cuts
fuel use and erosion, and improves soil structure and moisture retention. Likewise, plant height can be influenced by both
genetic and environmental factors (Yang et al., 2021) and management such as irrigation and rate of fertilizer application
particularly at early growth stage (El-Sherif, A. & Ali, M. M., 2015). Fattah et al. (2024) cited that soybean varieties have
different physical characteristics, with plant height ranging from 52-68 cm. These differences are due to the variations
between the varieties themselves. Elias and Orpilla (2024) noted an insignificant difference on the plant height of six NSIC
soybeans varieties.

The number of leaves of soybeans is the same as the number of nodes in other studies because the trifoliate
leaves of soybeans are developed from the nodal parts of plants (University of Minnesota Extension (n.d.). In this study, the
number of leaves of the three soybean varieties tested under tillage systems were found insignificant (p>0.05). This finding
is supported by the study of Kihara et al. (2011 citing that the performance of soybean plants was equally well in different
tillage systems. Moreover, Ghani et al. (2023) cited that the effect of a tillage system (like no-till or conventional) on leaf
number is not uniform but depends on the variety's inherent growth rate and adaptation to that environment. On the other
hand, the different soybean varieties showed a highly significant difference in terms of number of leaves (p<0.01). This
finding is supported by the study of Magsino et al. (2016) citing that the number of nodes of Tiwala 6, Tiwala 8, and Manchuria
is significantly different. Meanwhile, Ohashi et al. (2020) cited that the number of leaves of soybeans varies among varieties
due to differences of varieties' genetic make-up. The result also indicates that Tiwala 6, Tiwala 14, and Manchuria is suitable
under QOccidental Mindoro conditions. It can also be planted under conservation tillage, such as zero tillage and minimum
tillage that can be contributed to the soil property and microbial activities in the soil.

Management practices such as tillage systems as in the case of conventional tillage has a significant effect on
the number of branches per plant by improving soil moisture and nutrient availability through a prolific root system (Chorey
et al,, 2019). However, the results of this study highlighted that tillage systems have no significant effect on the number of
branches of soybeans. This finding confirmed the results of the study of Jug et al. (2010) and Ozturk & Sogut (2016) citing
that no significant differences in the number of branches of soybeans. Meanwhile, the variety of soybeans showed a highly
significant difference on the number of branches. The number of branches of Tiwala 14 variety significantly outnumbered
Tiwala 6 and Manchuria (p<0.01). This confirmed the study of Xu et al. (2021), that the number and growth of branches are
also influenced by factors such as varieties, agricultural management, and climate. Generally, the number of branches of
soybeans is a genetically controlled trait in plants.

Soybean varieties with indeterminate growth habits have a higher number of branches compared to determinate
ones. The locally developed soybeans varieties in the country including Tiwala series and Manchuria are determinate types
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with branches ranging from 2-5 with maturity ranging from 95-100 days during wet season and 83-92 days during dry season
(Tandang et al., 2020). Findings showed that soybean varieties, especially Tiwala 14 are suitable under Occidental Mindoro
condition, and can also be planted under different tillage systems, especially zero tillage.

The number of pods is a key factor in determining yield and is strongly linked to overall crop productivity. In this
study, zero tillage resulted in the highest number of pods (153.00), closely followed by conventional tillage (150.03). However,
analysis showed no significant difference (p>0.05) in pod production between these two tillage methods. This finding
supports the study of Sharifi et al. (2016) citing that the number of pods of soybeans is not influenced by tillage systems.
Similar results were reported by Ksiezak and Bojarszczuk (2024). This finding provides significant insights on the effect of
conservation tillage systems on the number of pods which is statistically the same with conventional tillage. Moreover, in
terms of the effect of different varieties on the number of pods, results showed a highly significant difference. The Tiwala
14 produced a highly significant number of pods compared to Manchuria and Tiwala 6 varieties. The study of Elias and Orpilla
(2024) provided substantial support to the finding of this study. The researchers cited that there is no significant difference
on the number of pods per plant of six NSIC soybeans varieties which include the Tiwala 6, Tiwala 14, and Manchuria. Li et
al. (2024) cited that soybean varieties vary significantly in number of pods due to genetic differences. The study found that
Tiwala 14 produced the most pods compared to the other varieties tested. The results suggest that these varieties, especially
Tiwala 14, can be successfully grown using different tillage systems, including zero-tillage. There was a significant
interaction between the tillage system used and the variety planted, and Tiwala 14 appears to be particularly well-suited to
zero-tillage systems. According to Da Silva et al. (2023), zero-tillage farming does not negatively impact soil water infiltration
and can lead to a 6.5% increase in soybean grain yield. A long-term (33-year) no-tillage system helps to prevent water stress
in soybean plants, resulting in higher grain production compared to conventional tillage methods.

Ali et al. (2013) cited that the number of seeds has a very strong correlation to yield of soybeans under the same
environmental conditions and production management practices. In this study, the effect of tillage systems on the number
of seeds of soybeans is found statistically the same (p>0.05). The number of soybean seeds is not significantly affected by
the tillage system. Meanwhile, the soybean varieties have a highly significant effect on the number of seeds of soybean
(p<0.01). Tiwala 14 produced a significantly higher number of seeds compared to Tiwala 6 and Manchuria. This suggests that
the number of seeds of soybeans is highly influenced by variety. Ali et al. (2013) and Wang et al. (2025) reported that the
number of seeds of soybeans significantly varies due to genotypic differences. The researchers further cited that the
varieties with the number of seeds have higher yield. The number of seeds per plant is a good criterion for selection of high
yielding varieties. In this parameter, zero tillage and Tiwala 14 exhibited excellent results compared to other varieties and
tillage practices.

The effect of tillage systems on seed weight differs insignificantly (p>0.05). This means that the seed weight of
soybeans produced from different tillage systems is statistically the same. This is similar to the findings of Hosseini et al.
(2016). This suggests that there is enough evidence that the study failed to reject the null hypothesis. In terms of selected
soybean varieties, the result revealed a highly significant difference (P-value <0.0) of seed weight of soybeans. In the study
of Krisnawati and Adie (2015), the Analysis of variance of yield and yield components revealed that soybean varieties
significantly affect the flowering time, days to maturity, 100 seed weight, and seed yield. This means that there is enough
evidence to reject the null hypothesis. The result indicates that the conventional and zero tillage performed well. However,
in the soybean variety Tiwala 14 exhibited the highest result among the three varieties. The genetic make-up of the different
varieties also has an effect on the yield of soybeans. Soybean pests and diseases can reduce seed weight and yield.
According to Murithi et al. (2019), Soybean pests can infest crops at any point in its development, from emergence through
harvest and their impact is often greatest between flowering and maturity. They further explain that these pests lower both
yield and grain quality. They cause harm through direct feeding, which weakens plant tissues and increases vulnerability to
other pathogens, and indirectly by transmitting viruses and additional disease-causing organisms.

The effect of tillage system in yield ha' (mt) of soybean is not significant (p>0.05). This finding suggests that the
yield ha™' of soybean is not affected by the tillage system. This finding is supported by Adamic, S. & Leskovsek, R. (2021). The
researchers cited that soybean yield is not significantly affected by the tillage system. This finding highlights that soybeans
can be planted using zero tillage and minimum tillage instead of conventional tillage. The findings of this study provide very
viable insights on the use of zero tillage or minimum tillage in soybean production. In terms of variety however, the study
found significant differences on yield ha™. B2 (Tiwala 14) produced the highest yield ha™ with 4.23 mt. This finding suggests
that B2 (Tiwala 14) is one of the most promising varieties of soybeans for zero tillage. B2 (Tiwala 14) is one of the latest high
yield soybean cultivars developed and released by the Institute of Plant Breeding (IPB) under Tiwala lines. Even though
conventional tillage produced higher yield than zero tillage, zero tillage is recommended for planting soybean because of
its environmental benefits, such as protecting soil microorganism, causing less soil disturbance, and improving the soil's
capacity to retain water and it requires low inputs in production. However, in the study of Dlugosz et al. (2024), soybean is
commonly grown under conventional tillage (CT), but this method involves numerous field operations that greatly raise
production costs. It also leads to soil compaction and reduces soil organic matter, which results in poorer soil quality over
time.
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CONCLUSION AND RECOMMENDATION

The study concludes that soybean growth and yield varied with tillage and variety. Conventional tillage produced
the tallest plants and highest yield per hectare, while zero tillage yielded more pods and seeds per plant. Tiwala 14 generally
outperformed the other varieties, having the maost leaves, branches, pods, seeds, and overall yield. Tillage methads did not
significantly affect height but influenced leaf and branch growth, with a notable interaction effect on pod production. Based
on the findings of this study, it is recommended that future research evaluate the pest and disease resistance of these
varieties under local conditions and expand the study to the wet season and sandy loam soils to assess environmental
adaptability. Furthermore, the integration of soybeans, particularly the high-performing Tiwala 14 variety, into rice-based
cropping rotations (e.g., rice-soybean-corn) and organic farming systems should be explored. Finally, it is suggested that
zero-tillage be specifically tested for Tiwala 14 alongside a comprehensive economic analysis of cost and return across all
tillage systems to determine the most profitable management practice for farmers.
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