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 Abstract: Lowland rice (Oryza sativa var. NSIC RC222) under conventional 

(M1) and minimum (M2) tillage systems utilizing various fertilizer treatments 

(T1-control (no fertilizer application); T2 - Organic fertilizer at 2 t ha-1 

(combination of rice straw compost, chicken manure dried, and carbonized rice 

hull at 1:1:1 ratio); T3 - Organic fertilizer (same as T2) + inorganic fertilizer at a 

rate of 60-30-30 kg/ha N-P2O5-K2O; and T4 - Inorganic fertilizer at the rate of 120-

60-60 kg N-P2O5-K2O) was the subject of a split-plot study to evaluate the 

agronomic and yield performance of lowland rice under different tillage systems 

and nutrient management schemes. Results showed that Conventional Tillage 

and Minimum Tillage showed comparable effects on the growth and yield of 

lowland rice. Further, the application of integrated inorganic and organic 

fertilizers yielded significant results compared with treatments with no fertilizer 

application or organic fertilizer alone. However, comparable values were 

observed for T4 (inorganic application). Thus, the study offers rice producers a 

workable plan by recommending the use of combined inorganic and organic 

fertilizers with Minimum Tillage for rice production to preserve soil health and 

quality. 

Keywords:  Rice; minimum tillage; integrated inorganic; organic fertilizers  

1. Introduction 

Oryza sativa Linn. is the most important food crop of the developing 

world and the staple food of more than half of the world’s population [1].  Its 

central role has prompted wide-ranging research spanning grain and aroma 

quality [2, 3], post-harvest drying and processing [4], value-added utilization of 

rice byproducts [5], and the adoption of information and communication 

technologies among rice growers [6].  For this reason, land preparation is crucial 

to ensure the rice field is ready for planting [7]. To prepare the land, there are 

two types of tillage: conventional and minimum tillage.  Conventional tillage is 

an effective way to incorporate manure and break up sod fields [8, 9], thereby 

increasing porosity and loosening soil, allowing better root growth and nutrient 

uptake [10]. However, conventional tillage on smallholdings in some parts of 

Asia can be very labor-intensive and slow [7] because it is expensive, with high 

fuel consumption and labor requirements [11].  On the other hand, minimum 

tillage demonstrated apparent advantages over traditional methods.  Minimum 

tillage can control soil erosion, reduce fuel, increase flexibility in planting and 

harvest, reduce labor requirements, improve water retention, reduce 

evaporation, and lower equipment requirements.  
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Furthermore, the availability of sufficient nutrients to meet the plant's needs is another factor that 

influences a crop's performance. Providing the soil with the nutrients that plants need for healthy growth and 

development is the primary objective of fertilizer application. These substances might be either organic or 

inorganic. Compared to natural organic fertilizers, inorganic fertilizers are more soluble in soil and have a 

higher nutrient content [12].  However, inorganic fertilizers are too expensive for small-scale farmers to buy 

[13].  Moreover, continuous and excessive application of inorganic fertilizer can cause detrimental effects to 

the soil [12, 13]. An organic approach, on the other hand, can maintain a healthy, biologically active soil with 

large reservoirs of plant nutrients [14].  Applying organic fertilizer to plants can increase organic matter 

content of the soil, thus improving and stabilizing soil structure, resulting in easy cultivation and improving 

water holding capacity, soil pH, bulk density, soil texture, soil aeration, porosity, as well as soil aggregation, 

especially when it is applied at the proper time [15, 16]. 

Achieving higher yields with a suitable quantity of affordable fertilizers at a low production cost is 

one of the ideal solutions small-scale farmers envision. Hence, this study evaluated the agronomic and yield 

performance of rice grown under conventional and minimum tillage, with different fertilizers (organic, 

inorganic, and a combination of organic and inorganic). Figure 1 shows the conceptual framework of the study. 

 

 

 

 

 

 

 

 

Figure 1. Conceptual framework of the study 

2. Materials and Methods 
2.1 Land Preparation 

 A 530 m2 space was set up using conventional and minimum-tillage systems. In M1 (Conventional 

Tillage), plowing and harrowing were performed twice at weekly intervals. Right after harrowing, the field 

soils were manually leveled before transplanting. On the other hand, for M2 (Minimum Tillage), plowing was 

done upon soaking the field for one (1) week. After plowing, the field was soaked with water for one (1) month 

and immediately harrowed thereafter. One week after the harrowing, the field was leveled before transplanting.  

2.2 Experimental Design 

The experimental area was arranged in a split-plot using a randomized complete block design (RCBD) 

with three (3) replications. The fertilizer treatments were the subplot (Factor B), while the tillage system was 

the main plot (Factor A). To make farm operations, management, and data collection easier, each treatment 

plot was measured at 4 x 5 meters, with 1m alleyways for replication and treatment plots. Each plot contained 

25 rows of rice plants. A dike and irrigation/drainage canals encircled each treatment plot to prevent fertilizer 

contamination between plots. The different treatments were designated as follows: 
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Factor A - Main Plot (Tillage System) 

M1 - Conventional tillage 

M2 - Minimum tillage 

Factor B - Subplot (Nutrient Management Schemes)  

T1 - Control (no fertilizer application) 

T2 - Organic fertilizer at 2 t ha-1 (combination of rice straw compost, chicken manure dried, 

and carbonized rice hull at a 1:1:1 ratio) 

T3 - Organic fertilizer (same as T2) + inorganic fertilizer at a rate of 60-30-30 kg/ha N-P2O5-K2O 

T4 - Inorganic fertilizer at the rate of 120-60-60 kg N-P2O5-K2O 

2.3 Preparation and Application of Fertilizer 

 A locally produced organic fertilizer was used, following the formulation of different mixtures of 

decomposed materials: rice straw, dried chicken manure, and carbonized rice hull, mixed in equal proportions 

(1:1:1 by weight). One week before transplanting, T2 and T3 received an application of organic fertilizers. T3 

and T4 received half of the N and all of the P and K 12 days after transplantation. 35 days after transplanting, 

the second half of N in T3 was administered. One-half (30 kg/ha N) of the remaining N in T4 (60 kg/ha N) was 

administered 35 days after the transplant, and the other half (30 kg/ha N) was applied 55–60 days into the 

transplant (Table 1).  

Table 1. Amount of fertilizer treatments applied per plot (kg plot-1). 

Treatments         Amount of fertilizers (kg plot-1) 

T1- (No fertilizer)          0 

T2- (2 t ha-1 of organic fertilizer)         4 kgs of organic fertilizer plot-1 

T3- (2 t ha-1 of organic fertilizer + inorganic       4 kgs. of organic fertilizer plot-1 

      at a rate of 60-30-30 kg ha-1 N, P2O5, K2O)       1st  application of inorganic fertilizer (12 DAT): 

       429 g of complete fertilizer plot-1 

            2nd application (35 DAT): 130 g of urea plot-1 

T4- (120-60-60 kg ha-1 N, P2O5, K2O                   1st  application (12 DAT):857 g of complete 

     inorganic fertilizer)     fertilizer plot-1 

                                 2nd application (35 DAT): 130 g of urea plot-1 

                     3rd application (55-60 DAT):130 g of urea plot-1 

2.4 Seedbed Preparation and Transplanting 

One to two days before sowing, the seedbed was prepared. A typical wet bed measuring 2 x 5 m, with 

a drainage canal surrounding it, was constructed on separate sites to avoid obstacles during construction of 

the experimental plot. Rice seeds (NSIC Rc222) of approximately 2 kg were used.  The seeds were incubated 

for 43 hours after being immersed in fresh water for 24 hours. The seedbed was planted with pre-germinated 

seeds. Until the seedlings were prepared for transplantation, proper care and weed control were used. One 

14-day-old seedling was moved to each hill, spaced 20 cm apart. Five (5) days following seed emergence, 

missing hills were replanted. 

2.5 Pest Control 

Each treatment plot received the same hand weeding or rotary weeding treatment.  The first weeding 

operation was done ten (10) days after transplanting. Twenty (20) days after the second wedding, a selective 

hand weeding was carried out. The succeeding weeding operations were done at two-week intervals or 

whenever necessary. From the tillering stage to two weeks before maturity, panyawan (Tinospora rumphii Boerl) 

was sprayed as a botanical insecticide to control insect infestation. 

2.6 Water Management 

During transplantation, the area was drained.  Irrigation was applied three (3) days after transplanting 

at a depth of five (5) cm.  Three (3) weeks after transplanting, no flooding of water was done.  The irrigation 

water was kept at a level sufficient to maintain a wet or muddy soil condition until 50 days after transplanting.  
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Then flooding was repeated at a depth of 5 cm. Around the experimental area and in between replications, 

irrigation and drainage canals were constructed to supply water during dry spells and remove excess water 

as needed. A week before crop harvesting, the area was drained to make harvesting easier. 

2.7 Harvesting and Processing 

When 85% of the grains in the top portion of each treatment had ripened and turned yellow, and the 

panicle base had reached the hard dough stage, harvesting was done. The panicle bases from the harvestable 

area (13.44m2) were chopped with a sickle. Every sample plant was taken from the harvestable area, except 

for the two boundary rows on each side and the two hills at either end of each row. It was then winnowed, 

dried to around 14% moisture content, and threshed before all the necessary information was gathered. 

2.8 Data Gathered 

2.8.1 Agronomic Characteristics 

1. Plant height (cm) - the height of the ten (10) sample plants in each treatment plot was measured from 

ground level to the tip of the tallest plant part before harvest. 

2. Number of Leaves - this was obtained by counting the leaves of the tallest tiller per hill, which 

represent the whole-plant samples. 

        2.8.2 Yield Components 

1. Number of productive tillers hill-1 at maturity - ten (10) sample hills in each treatment plot were used 

to calculate the number of tillers hill-1 that formed panicles at maturity. 

2. Number of spikelets panicle-1 - in each treatment plot, ten (10) sample panicles were counted to 

determine the number of filled and unfilled spikelets (panicle-1). 

3. Weight of 1,000 grains (g) - 1,000 grains from the same sample plants used for the filled and unfilled 

spikelet count were weighed to determine this parameter.  

2.9. Statistical Analysis 

The Statistical Analysis System (SAS version 9.4 or later; SAS Institute Inc., Cary, NC, USA) was used to 

analyze the data statistically. Tukey's test was used to compare means. 

3. Results and Discussion 
3.1 Agronomic Characteristics 

3.1.1 Plant Height 

Plant growth can be observed by an increase in length or height, stem diameter, tissue volume, cell 

count, fresh and dried weight, leaf area, leaf weight, and other features [17]. Plant height is a significant 

morphological parameter that is widely predictive of ultimate grain production and biomass [18] and may be 

used as an indicator of overall plant growth vigor and as a parameter to estimate characteristics [19]. As shown 

in Table 2, a significant difference in plant height was observed among rice plants treated with different 

fertilizer rates and types, regardless of the tillage system adopted. Results for T1 and T2 were comparable, 

while T3 and T4 showed no significant difference. Thus, applying both organic and inorganic fertilizers will 

likely yield the same crop yield as using only inorganic fertilizer. Accordingly, research has indicated that 

applying inorganic fertilizer in combination with organic fertilizer, known as Integrated Plant Nutrient 

Management, maintains soil fertility and balances nutrient supply, thereby increasing crop yield per unit area 

[20, 21]. Certain studies also suggest that careful use of both organic and inorganic resources can address soil 

fertility restrictions [22] and sustain agronomic productivity [23]. Furthermore, a study by Demissie et al. [10] 

in the Wolmera district of Central Ethiopia found that the combined application of organic and inorganic 

fertilizers significantly increased barley plant height. Similarly, in Adiyo and Ghimbo, Southwestern Ethiopia, 

Woldesenbet et al. [24] found that the combined application of organic and inorganic fertilizers significantly 

affected barley plant height.  
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Table 2. Analysis of Variance on the Average Plant Height of Rice grown under different Tillage Management 

Systems applied with different Fertilizers 

Treatment 
Average Plant Height (cm) 

30 DAP 50 DAP 70 DAP 

Factor A – Tillage System 

M1 – Conventional Tillage 34.92 a 57.50 a 76.29 a 

M2 – Minimum Tillage 33.64 a 56.17 a 73.69 b 

Factor B – Fertilizer Application 

T1 - control 29.17 c 47.56 b 64.67 b 

T2 - Organic fertilizer at 2 t ha-1 (combination of rice straw 

compost, chicken manure dried, and carbonized rice hull at a 

1:1:1 ratio) 

32.50 b 51.61 b 67.91 b 

T3 - Organic fertilizer (same as T2) + inorganic fertilizer at a rate 

of 60-30-30 kg/ha N-P2O5-K2O 

37.61 a 65.17 a 84.56 a 

T4 - Inorganic fertilizer at the rate of 120-60-60 kg N-P2O5-K2O 37.83  a 63.00 a 82.83 a 

CV (%) (A) 13.14 15.40 3.64 

CV (%) (B) 6.76 6.27 4.14 

Means with the same letter were not significantly different at 5 % level of the HSD test. 
 

3.1.2 Number of Leaves 

 One of the visual essential phenotypic characteristics that characterizes a plant's growth and 

development is the quantity of leaves it possesses [25, 26]. It is connected to the plant's health and prospective 

yield and allows growth rate estimation [26, 27, 28]. This study showed that the average number of leaves was 

highest for the treatment applied with inorganic fertilizer (T4), though, statistically, it obtained a comparable 

result with the treatment applied with combined inorganic and organic fertilizers (T3) (Table 3). Additionally, 

the results showed no discernible difference in leaf number on rice plants grown under minimum (M2) or 

normal (M1) tillage systems. 

Table 3. Analysis of Variance on the Average Number of Leaves of Rice grown under different Tillage Management 

Systems applied with different Fertilizers 

Treatment 
Average Number of Leaves 

30 DAP 50 DAP 70 DAP 

Factor A – Tillage System 

M1 – Conventional Tillage 27.61 a 82.17 a 101.89 a 

M2 – Minimum Tillage 27.17 a 82.92 a 96.22 a 

Factor B – Fertilizer Application 

T1 - control 16.55 c 49.78 b 54.11 b 

T2 - Organic fertilizer at 2 t ha-1 (combination of rice straw 

compost, chicken manure dried, and carbonized rice hull at a 

1:1:1 ratio) 

26.00 b 60.05 b 67.16 b 

T3 - Organic fertilizer (same as T2) + inorganic fertilizer at a rate 

of 60-30-30 kg/ha N-P2O5-K2O 
33.61 a 109.67 a 131.89 a 

T4 - Inorganic fertilizer at the rate of 120-60-60 kg N-P2O5-K2O 33.39 a 110.67 a 143.06 a 

CV (%) (A) 29.23 38.53 15.11 

CV (%) (B) 10.59 12.87 14.89 

Means with the same letter were not significantly different at 5 % level of the HSD test. 
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3.2 Yield Components 

3.2.1 Number of Tillers 

Initially appearing as a single culm seedling, rice rapidly produces primary, secondary, and tertiary 

tillers. Panicle and tiller numbers are the two main factors that determine rice plant design and thus affect 

grain yield [29]. Rice's tillering capacity is a varietal trait that mostly depends on shape and duration [30, 31]. 

To maximize rice yield [32] and achieve higher yields [18], tillering optimization is crucial. Additionally, 

optimal tillering enables synchronized flowering, maturity, and uniform panicle size [33]. In this study, the 

average number of tillers was highest in Conventional Tillage (M1) with the application of inorganic fertilizers 

(T4). The statistical analysis presented in Table 4 showed that the Minimum Tillage (M2) result was comparable 

to that for Conventional Tillage (M1). Likewise, the combined application of inorganic and organic fertilizers 

(T3) also showed no significant difference with the application of inorganic fertilizer alone (T4). To corroborate 

the results, Demissie et al. [10] noted that the combination of organic and inorganic fertilizers may have a 

synergistic effect on the number of effective tillers. Additionally, according to Arif et al. [34] and Silguera and 

Dollison [35], the increased nutrient availability and uptake due to the combined use of organic manure and 

inorganic fertilizers resulted in a higher number of fertile tillers, grains per panicle, panicles per hill, filled 

grains per panicle, 1000 grain weight, biological yield, grain yield, and harvest index. 

Table 4. Analysis of Variance on the Average Number of Tillers of Rice grown under different Tillage Management 

Systems applied with different Fertilizers 

Treatment 
Average Number of Tillers 

30 DAP 50 DAP 70 DAP 

Factor A – Tillage System 

M1 – Conventional Tillage 7.28 a 20.25 a 24.36 a 

M2  – Minimum Tillage 7.00 a 21.25 a 23.92 a 

Factor B – Fertilizer Application 

T1 - control 3.83 c 11.83 b 13.28 b 

T2 - Organic fertilizer at 2 t ha-1 (combination of rice straw 

compost, chicken manure dried, and carbonized rice hull at a 

1:1:1 ratio) 

6.72 b 14.00 b 15.95 b 

T3 - Organic fertilizer (same as T2) + inorganic fertilizer at a rate 

of 60-30-30 kg/ha N-P2O5-K2O 
9.11 a 28.95 a 31.00 a 

T4 - Inorganic fertilizer at the rate of 120-60-60 kg N-P2O5-K2O 8.89 a 28.22 a 36.00 a 

CV (%) (A) 34.23 43.47 16.85 

CV (%) (B) 11.57 14.81 17.98 

Means with the same letter were not significantly different at 5 % level of the HSD test. 

 

3.2.2 Number of Filled and Unfilled Grains 

The final step in cereal growth, known as grain filling, occurs when fertilized ovaries mature into 

caryopses. Canopy photosynthesis, assimilate conversion to biomass, and assimilate partitioning to grains are 

all interrelated processes that contribute to rice yield [29, 36]. The quantity of filled grains per panicle is closely 

correlated with crop output, and matured rice panicles contain both filled and unfilled grains [37]. Panicles 

with a high percentage of complete grains compared to unfilled grains are fundamentally indicative of a crop's 

high productivity or yield [38]. This study found that, regardless of tillage system and fertilizer application, 

the average number of filled grains was greater than the average number of unfilled grains (Table 5). However, 

significant differences were detected between tillage systems (Factor A) and fertilizer applications (Factor B). 

Conventional Tillage (M1) obtained higher values for the total number of filled and unfilled grains compared 

to Minimum Tillage (M2). Consequently, the highest values were also observed in the treatment that received 

both organic and inorganic fertilizers (T3), although the results were comparable to those of inorganic fertilizer 

alone (T4). This suggests that combining inorganic and organic fertilizers with Minimum Tillage could increase 

crop yield, particularly in rice, as shown by the grain yield (filled/unfilled) results of this study. This finding 
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was further supported by research conducted by Adane et al. [20] and Tadesse et al. [39], which found that the 

combined application of organic and mineral amendments led to improved barley yields by improving the 

soil's pH, available Phosphorus (P), total Nitrogen (N), and potentially other macronutrients and micronutrients. 

Table 5. Analysis of Variance on the Average Number of Filled and Unfilled Grains of Rice grown under 

different Tillage Management Systems applied with different Fertilizers 

Treatment 
Number of 

Filled Grains 

Number of 

Unfilled 

Grains 

Total Number of 

Filled and 

Unfilled Grains 

Factor A – Tillage System 

M1 – Conventional Tillage 389.92 a 179.08 a 569.00 a 

M2 – Minimum Tillage 371.92 b 100.33 b 472.25 b 

Factor B – Fertilizer Application 

T1 - control 277.50 b 107.33 b 384.83 b 

T2 - Organic fertilizer at 2 t ha-1 (combination of rice 

straw compost, chicken manure dried, and 

carbonized rice hull at a 1:1:1 ratio) 

361.50 ab 97.33 b 458.83 b 

T3 - Organic fertilizer (same as T2) + inorganic 

fertilizer at a rate of 60-30-30 kg/ha N-P2O5-K2O 
447.00 a 204.00 a 651.00 a 

T4 - Inorganic fertilizer at the rate of 120-60-60 kg N-

P2O5-K2O 
437.67 a 150.17 ab 587.84 a 

CV (%) (A) 20.60 37.88 16.63 

CV (%) (B)    

Means with the same letter were not significantly different at 5 % level of the HSD test. 

 

3.2.3 Thousand Grain Weight (TGW) 

One of the primary determinants of rice and other cereal crop yield production on a single plant is 

grain weight (thousand-grain weight) [40]. A vital component of agriculture, Thousand Grain Weight (TGW) 

significantly affects grain quality and crop productivity [41]. Farmers and researchers alike must understand 

TGW, as it provides important insights into crop productivity and performance. The findings of this study 

showed that all treatments did not differ significantly in Thousand Grain Weight (Table 6). However, a 

significant difference was observed between Conventional (M1) and Minimum (M2) tillage systems. A higher 

average value (24.83 g) was indicated in Conventional Tillage as compared to Minimum Tillage (22.67 g). The 

study by Khan et al. [42], which found a maximum mean value of 1000-grain weight, produced similar 

findings: conventional tillage yielded (363.7g); deep tillage yielded (362.56g); and minimal tillage yielded the 

lowest value (322.6g) with non-hybrid maize. Additionally, tillage was the most popular and effective 

technique for improving soil physical conditions, accounting for up to 20% of crop yields [43]. As soil fertility, 

tillage type, and climate can all influence crop development and yield, tillage can also alter soil structure and 

remove moisture. 
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Table 6. Analysis of Variance on the Average Weight of 1000 Grains (g) of rice under different Tillage 

Management Systems applied with different Fertilizers 

Treatment 
Average Weight of 1000 

Grains (g) 

Factor A – Tillage System 

M1 – Conventional Tillage 24.83 a 

M2 – Minimum Tillage 22.67 b 

Factor B – Fertilizers 

T1 – control 23.83 a 

T2 - Organic fertilizer at 2 t ha-1 (combination of rice straw compost, chicken 

manure dried, and carbonized rice hull at a 1:1:1 ratio) 
22.50 a 

T3 - Organic fertilizer (same as T2) + inorganic fertilizer at a rate of 60-30-30 

kg/ha N-P2O5-K2O 
24.50 a 

T4 - Inorganic fertilizer at the rate of 120-60-60 kg N-P2O5-K2O 24.17 a 

CV (%) (A) 6.94 

CV (%) (B) 8.73 

Means with the same letter were not significantly different at 5 % level of the HSD test. 

4. Conclusions 
The results of the study lead to several conclusions. Conventional Tillage and Minimum Tillage 

showed comparable effects on the growth and yield of lowland rice. The application of integrated inorganic 

and organic fertilizers yielded significant results compared with treatments that received no fertilizer or 

organic fertilizer alone, although comparable values were observed for T4 (inorganic application). 

Accordingly, the study recommends applying integrated inorganic and organic fertilizers with Minimum 

Tillage for rice production to maintain soil health and quality. Because these findings are derived from a single 

location (Barili, Cebu) and a single cropping season, multi-season and multi-location validation is strongly 

recommended before broader application. Future studies should also include pre-trial baseline soil 

characterization and report actual grain yield (t ha⁻¹) to substantiate the agronomic recommendations fully. 
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