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Abstract  Article Info 

Direct-seeded systems with appropriate conservation techniques have the potential to produce 

rice while addressing labor and water shortages. The study included three selective direct-seeded 

rice planters under wet (hill drop and broadcasting) and dry (drilling) field conditions. The hill 

drop and broadcasting experiments were conducted at Yamagata University Faculty of 

Agriculture's Takasaka farm. In contrast, the drilling experiment was carried out in the Mikawa 

area in a farmer's field with three replications, and the Japanese rice variety 'Haeunki' was used. 

The field size for the hill drop planter was 0.024 ha, while that for the broadcasting and drilling 

planters was 0.3 ha. The total working and operating time (hours), operating speed (km/h), 

planting width (m), and seed rate (kg/ha) data were collected and evaluated to assess the 

fieldwork efficiency and accuracy of the planting machines. The drilling planter with an average 

working speed of 2 km/h produced the highest fieldwork efficiency (78.1%). To evaluate the 

effect of planting methods on grain yield, three subtest plots were randomly selected at the 

harvesting stage for the hill drop experiment, with 60 hills per test plot, broadcasting (3.0 m2), 

and drilling (3.24 m2) per test plot area. The drilling experiment produced the maximum grain 

yield (7.1 tons/ha). Even though the highest grain yield was obtained during drilling, we 

proposed a hill drop planting machine for rice cultivation due to its resource savings (time, labor, 

and seeds), low weed density, appropriate input application and field management, and ease of 

operation. 
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Introduction 

 

Rice farming is established using the following 

techniques: direct seeding (manual, air, and mechanical 

direct seeding) and rice transplanting (manual and 

mechanical transplanting). The practice of starting the 

crop from seeds sown in the field rather than 

transplanting seedlings from the nursery refers to the 

direct seeding of rice (Farooq et al., 2011). Seeders and 

planters are important for crop reproduction. They aim to 

measure and place the seeds or plants in the soil. Seeders 

are used for generative reproduction, whereas planters 

aid in vegetative propagation (Abeels et al., 1999, p. 

2017). Virk et al., (2019) stated that planting technology 

possesses the ability to increase crop productivity and 

improve field efficiency by precisely metering and 

placing crop seeds. 

 

Kaur and Singh (2017) suggested that direct seeding can 

be performed by sowing pre-germinated seeds into 
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puddled soil (wet seeding) or standing water (water 

seeding) and preparing a seedbed (dry seeding). Wet 

seeding saves labor costs, drudgery is reduced, and the 

main improvement is that the crop can be established in 

time and a better crop stand can be achieved (De Datta, 

1986). Yoshida (1981) reported that wet-seeded rice 

starts tillering earlier than transplanted rice because its 

growth proceeds without the setback caused by uprooting 

injury to the roots of the plants. 

 

Mechanical direct seeding is more cost-, labor-, and 

water-efficient than mechanical transplanting because 

seedling transplanting is not required for mechanical 

direct seeding (Wei et al., 2017). 

 

Dry direct-seeded rice is established using several 

different methods, such as broadcasting dry seeds on 

unpuddled soil using either zero-tillage or conventional 

tillage, the dibbled method in a well-prepared field, and 

drilling seeds in rows after conventional tillage and 

minimum tillage using a power tiller-operated seeder 

(Kumar and Ladha, 2011). 

 

Murray et al., (2006a) reported that broadcast planters 

randomly distribute seeds on the soil surface. Since the 

seeds are deposited on the soil surface, harrowing is 

needed to cover the seeds. Islam et al., (2014) reported 

that farmers use a high seed rate in broadcasted direct-

seeded rice fields because of poor plant stands and severe 

weed infestations. 

 

Drill planters are direct-seeded systems that use a mass 

flow type seed meter and are extensively used for the 

establishment of both winter and summer crops where 

there is no need to place plants equidistant down the 

rows (Murray et al., 2006b). Currently, in many parts of 

the world, rice is planted using a seed drill planter. It is 

important to match the furrow opener to the soil type and 

residue levels and cover the seeds after planting. A 

smooth, level seedbed is essential to ensure that seeds are 

not planted at depths greater than 10 to 15 mm (IRRI, 

2007). 

 

Villalobos et al., (2016) suggested that hill drop planters 

release seeds at a fixed spacing, not in a continuous 

stream. Thus, the spacing between plants in a row is 

uniform. Zhang et al., (2018) reported that the 

application of the precision rice hill-drop drilling method 

involves the integration of agricultural machinery and 

agronomy, including safe and efficient weed control, 

seedling rate protection measures, high yield, economic 

benefits, and resource savings by saving time, increasing 

efficiency, and quality measures. Yamauchi (2017) 

explained that a hill or row seeding machine is more 

time-consuming than broadcast seeding; the former 

might be more profitable than the latter for reducing the 

seeding rate, conducting mechanical weeding, and 

reducing lodging. Currently, farmers in Japan prefer hill 

seeding to broadcast seeding because of the similarity in 

appearance to transplanting. 

 

Rice farming has shifted from transplanting to direct 

seeding due to shortages, high labor costs, and a lack of 

water, so direct seeding is preferable (Bhushan et al., 

2007; Pandey and Velasco, 2004; Van Nguyen and 

Ferrero, 2006; Siddique et al., 2010 and Soriano et al., 

2018). A direct-seeded rice system with suitable 

conservation practices has the potential to produce 

slightly lower or comparable yields to those of 

transplanted rice and appears to be a viable option for 

overcoming the problems of labor and water shortages 

(Marasini et al., 2018). Mina et al., (2011) stated that 

direct-seeded rice under no or reduced tillage is an 

effective resource-saving technology that holds promise 

for the coming days. 

 

A shortage of the labor force, a reduction in the cost of 

rice paddy work, and the aging of farmers are serious 

problems in Japanese agriculture (Yoshikawa, 2010). 

Today, the most productive rural labor force has started 

to move from agricultural to industrial and service 

sectors to find jobs because of the abundance of 

drudgeries and decreasing income from agriculture, 

resulting in problems at peak planting and harvesting 

times. 

 

Therefore, it is important to evaluate the performance of 

direct-seed planters for fieldwork performance, operation 

systems, labor requirements, productivity, and 

production and to select the most efficient planter for rice 

cultivation to determine when, how to adapt, and when to 

drop. Therefore, the overall objective of this study was to 

examine the field efficiency of three direct-seed rice 

planters and investigate their effects on rice cultivation 

through enhanced production.  

 

Materials and Methods 

 

Description of the study areas 
 

The study was conducted at Tsurouka (Tsurouka-shi) 

city (38°69′Ν, 139°82′E, elevation 13 meters above sea 
level) and Mikawa (Mikawa-machi) (38° 47′ 40.5″ N, 
139° 50′ 58.9″ E) in Yamagata Prefecture, Japan. Rice is 
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grown once a year in Tsurouka and throughout the 

Shonai region from May to October. It is the largest city 

in the Tōhoku region based on surface area. Mikawa is in 
the northeast Yamagata Prefecture Shonai area on the 

coastal plains. It has a fairly flat terrain, split by 

enormous rivers and vast rice fields. This research was 

conducted at two sites. The first was at Yamagata 

University Faculty of Agriculture Field Science Center, 

located on Takasaka Farm, and the second was in the 

Mikawa area, which is in the farmer's field (upland). The 

testing components included hill drop, broadcasting, and 

drilling direct seeded rice planting methods. The 

broadcasting and hill drop tests were conducted under 

wet field conditions (puddled soil) at Takasaka Farm, but 

the drilling experiment was conducted under dry field 

conditions in the Mikawa area. The experimental field 

area included hill drops (30m × 8 m), broadcasting (100 

m × 30 m), and drilling (100 m × 30 m). 

 

Experimental field design layout 
 

The experiment included three replications (Table 1). 

Each replicate represented a block in the experiment. 

 

Land preparation 
 

Deep plowing is important for field preparation to 

improve the physical condition of the soil, inverting trash 

and buried weeds, and reducing the load of weed seeds. 

 

A hilldrop experimental field was prepared by using a 

power tiller and irrigated before initial puddling. The 

broadleaf experimental field was first prepared using a 

reversible Moldboard plow and then irrigated after a 

power tiller puddled it. A reversible Moldboard Plow is 

important for plowing to invert the soil furrow slices, 

pulverize the soil clod, uproot all weeds, trash, and crop 

residues, and bury them under the soil. In drilling 

experiments, field preparation was performed with a 

leveler via a GPS-guided land leveling technique 

supported by a suitable land leveler machine attached to 

a higher-horsepower New Holland (T485) tractor. 

 

Data collection 

 

Investigate the fieldwork rate of the planting machine 

 

Fieldwork efficiency 
 

The field performance of an agricultural machine is 

measured by the rate and quality at which the operations 

are accomplished (Hunt, 1979). There are many different 

parameters reflecting machine performance, such as field 

capacity, efficiency, and fuel consumption. 

 

Operational speed (km/h) 
 

The operational speed is the time elapsed between the 

observed departure times at the involved stops. The 

operational speed (km/h) of all the experimental planters 

was measured by using a GPS logger instrument attached 

to each machine. 
 

Effective field capacity, ha/h 
 

The effective field capacity is the performance of the 

actual rate of land or crop processing in a given time 

based on the total field time (Kepner et al., 1978). 

 

The effective field capacity is the ratio of the actual area 

covered to the total time taken and is calculated by the 

following equation: 
 

 
 

Theoretical field capacity, ha/h 
 

The theoretical field capacity is the rating of field 

coverage that would be obtained if the machine is 

performing 100% of its time at the rated forward speed 

and always covering 100% of the rated width.  

 

Therefore, the theoretical field capacity is calculated by 

the following equation: 

 

Theoretical field capacity, hah-1= 𝑊𝑖𝑑𝑡ℎ (𝑚) 𝑋 𝑆𝑝𝑒𝑒𝑑 

(𝑘𝑚/ℎ) 

 

Field efficiency, % 
 

The field efficiency is the ratio of the effective field 

capacity to the theoretical field capacity, expressed as a 

percentage. 
 

Therefore, the field efficiency is calculated by the 

following equation: 
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Planting accuracy 

 

The seed rate (kg/ha) of the direct-seeded rice 

planting system 

 

The seeding rate is expressed as the rate of sowing seed 

weight (kg) to a covered area (ha). The seed rates (kg/ha) 

of hill drop, broadcasting, and drilling planters were 

measured. 

 

Hill Drop Planter 

 

A hill drop planter used a hill drop plate type of seed 

metering device, and the planting system sowed the 

seeds in equidistant rows with uniform hill-to-hill 

spacing within the row. No furrow opening or covering 

is needed because of surface seeding. The experiment 

was performed under wet soil conditions (puddled field). 

The weights of 1,000 grains of iron-coated and rough 

rice seeds were measured. 

 

Therefore, the rough rice seed rate (kg/ha) could be 

calculated by the following equation: 

 

 
 

Broadcasting 

 

The broadcasting sowing machine used a fluted roller 

type of seed metering device, and the planting 

mechanism involved scattering the seeds over well-

prepared soil. The experiment was performed under wet 

field conditions, and the weights of 1,000 grains of 

water-soaked rice seeds and rough rice seeds were 

measured. 

 

Therefore, the rough rice seed rate (kg/ha) can be 

calculated by the following equation: 

 

 
 

Drill Planter 

 
The drill planter has the desired row-to-row spacing, 

while the planting system releases the seeds continuously 

in a row. The experiment was performed in an upland 

field. 

Therefore, the seed rate (kg/ha) could be calculated by 

the following equation: 

 
 

Plant growth 
 

Rice plants take approximately 3–6 months to grow from 

seeds to mature plants, depending on the variety and 

environmental conditions. They undergo three general 

growth phases: vegetative, reproductive, and ripening 

(Yoshida, 1981). The agronomical parameters, such as 

plant height, tiller number per hill, SPAD, and number of 

leaves, were measured to determine the plant growth 

process. The data were collected through field 

observation, counting, measuring, and recording. 
 

Plant growth data collection during the first, second, 

and third stages 
 

The plant height, tiller number per hill, and SPAD value 

data were collected when the plant raised five leaves (the 

first stage), the second stage (two weeks after the first 

stage), the third stage (two weeks after the second stage), 

the fourth stage during the panicle initiation period, and 

the last stage at harvesting, and the average values were 

calculated. 
 

For the Hill Drops experiment, we used iron-coated 

seeds and planted them on May 10, 2019. Plant growth 

was observed at 20 hills per test plot with three 

replications. The first plant growth data were collected at 

the emergence of five leaf numbers (32 days after 

sowing), and this process was repeated three times every 

two weeks during the harvesting stage to understand and 

analyze the plant growth status. 
 

For the broadcasting experiment, we used water-soaked 

seeds and planted them on May 15, 2019. The plant 

growth was checked in a 0.9-m
2
 area per test plot with 

three replications. The first plant growth data were 

collected at the emergence of five leaf numbers (42 days 

after sowing), and this process was repeated three times 

every two weeks during the harvesting stage to 

understand and analyze the plant growth status. 
 

The drilling experiment used dry rice seeds, which were 

planted on April 24, 2019. Plant growth was observed in 

a 0.6 m
2
 area per test plot in the upland field with three 

replications. The first plant growth data were collected at 

the emergence of five leaves (49 days after sowing), and 

this process was repeated three times every two weeks 

and at the harvesting stage to understand and analyze the 

plant growth status, as shown in Fig. 2.4. 



Int.J.Curr.Res.Aca.Rev.2024; 12(7): 29-42 

  
 

33 

Yield and yield component investigation 

 

Grain yield 
 

The grain yield refers to the weight of the cleaned and 

dried grains harvested from a unit area. To estimate the 

grain yield of each experiment, three subtest plots were 

randomly chosen during the harvesting stage. For the hill 

drop experiment, 60 hills per subtest plot were harvested; 

for broadcasting, 3 m
2 

and drilling, 3.24 m
2
 of subtest 

plot area were harvested. 

 

Yield components 
 

Panicle number per unit area 
 

The number of fully exerted and grain-bearing panicles 

at maturity is called the panicle number per unit area. 

The number of fully mature panicles from the hilldrop 

experiment on 20 hills from the broadcasting (0.9 m
2
) 

and drilling (0.6 m
2
) plots was counted, and the number 

of fully mature panicles was converted to the number of 

panicles per square meter. 
 

Number of grains per panicle 
 

The number of grains per panicle was counted at 5 hills 

per test plot in all experiments. 
 

Percentage of filled grains 
 

The proportion of filled grains to all grains is called the 

percentage of filled grains. All test samples were 

threshed, filled grains (F) were separated from unfilled 

grains (U) by using the salt-water solution method with a 

hydrometer at a specific gravity of 1.06, and the filled 

(F) and unfilled (U) test sample grains were counted 

separately. 
 

 
 

The weight of 1,000 rice grains 
 

The weight of filled grains is commonly reported based 

on 1,000 grains. The weight of 1,000 rice grains was 

measured. 
 

Data analysis 
 

This research was conducted at Takasaka Farm at the 

Yamagata University Agricultural Field Science Center 

and Mikawa location in a farmer’s field. The study 

consisted of three experiments, two performed at 

Takasaka Farm and one in the Mikawa area in a farmer’s 

field. These experiments are called mechanical direct 

seeding methods, i.e., hill drop, broadcasting, and 

drilling. The data were collected from the experimental 

fields and the agricultural machinery laboratory. The 

plant growth, grain yield, and yield component data were 

recorded and organized in Microsoft Excel in 2016. 

Analysis of variance (ANOVA) is a collection of 

statistical models used to analyze the differences 

between group means and their associated procedures. 

The treatment effects on the observed data were 

compared via ANOVA and mean separation by least 

squares difference (LSD) tests. An analysis of variance 

(ANOVA) was conducted for all of the abovementioned 

parameters from three replications, with the effect of 

planting methods on the following: germination rate, 

plant growth, grain yield, and yield components. A p-

value< 0.05 was considered to indicate a significant 

difference. 

 

Results and Discussion 

 

Fieldwork Efficiency 
 

The hill drop and broadcasting experiments were 

performed under wet field conditions, whereas the 

drilling experiment was performed under dry field 

conditions. We evaluated the fieldwork performance of 

each planting machine under the abovementioned field 

conditions, and the test results are presented in Table 3.1. 

The total working time and operating speed of each 

planter were recorded using a stopwatch and GPS logger, 

respectively. The highest average operating speed was 

recorded for the drilling planter (2 km/h), while a similar 

average operating speed of 1 km/h was recorded for the 

hill drops and broadcasting machines. The highest actual 

field capacity (0.37 ha/h), theoretical field capacity (0.48 

ha/h), and highest fieldwork efficiency (78.1%) were 

obtained in the drill planting machine, whereas the 

lowest fieldwork efficiency was found in the 

broadcasting planting machine (71.4%), as shown in 

Table 3.1. In the broadcasting experiment, the seeding 

machine was sometimes interrupted, resulting in a 

suspension of sowing. Therefore, the field efficiency of 

the broadcasting planter was influenced by downtime for 

seed filling and equipment adjustment. Our results are 

supported by Oduma et al., (2015), who stated that the 

field efficiency of the machine is affected by field 

conditions, frequent breakdowns, and other downtimes 

during operation. 
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The seed rate (kg/ha) of the direct-seeded rice 

planting system 

 

The seeding rates of direct-seeded rice planting machines 

(Hill Drop, Broadcasting, and Drill) with the ‘Haenuki 

Japanese rice cultivar under different seed treatment 

conditions were evaluated.  

 

Therefore, the test results, as shown in Table 3.2, 

indicate that 1.5 kg/0.024 ha (iron-coated seed), 29.79 

kg/0.3ha (water-soaked seed), and 21 kg/0.3 ha (dry 

seed) were sown in the hill drop during the broadcasting 

and drilling experiments, respectively. In total, an 

equivalent of 30.4 kg/ha (hill drops), 66.2 kg/ha 

(broadcasting), and 70 kg/ha (drilling systems) were 

used.  

 

The broadcasting sowing machine scatters the seeds over 

well-prepared soil; the drilling planting system releases 

the seeds continuously in a row, whereas the hill drop 

planting system sows the seeds in equidistant rows with 

uniform hill-to-hill spacing within the row. Among the 

direct-seeded rice planting systems, hill drop was the 

most effective method for reducing the seed rate and 

loss.  

 

The variation in the seed rate in direct-seeded rice 

planting systems might be affected by different seed 

metering systems and planting mechanisms. Our results 

are consistent with those of Wang et al., (2014), who 

reported that hill drop-seeded rice can be used to 

overcome the problems of high seeding rates and uneven 

plant establishment. 

 

Seed germination 
 

The germination of the seedlings was observed in direct-

seeded rice planting systems (hill drops, broadcasting, 

and drilling). The maximum number of germinated 

seedlings per square meter was found in the drilling 

experiment (181.1), as shown in Fig. 3.1a.  

 

The average number of germinated seedlings per square 

meter differed significantly between the drilling planting 

system and the hill drop and broadcasting planting 

systems; however, there was no significant difference 

between the hill drop and broadcasting planting systems. 

 

Seed Germination Rate 
 

The seed germination rate refers to the percentage of 

germinated seeds relative to the total number of seeds 

sown for germination. The hill drop system obtained the 

highest germination rate (86.5%), as shown in Fig. 3.2b.  

 

There was a significant difference in the seed 

germination rate between the hill drop planting system 

and the broadcasting and drilling planting systems; 

however, there were no significant differences between 

the broadcasting and drilling systems. 

 

The following abbreviations were used: DSR, direct-

seeded rice planting methods; HD, Hill drop; BRD, 

Broadcasting; DR, Drilling; and Gr, Germinated. The 

bars are the standard errors shown in the graphs, and the 

same letters are not significantly different. 

 

The effect of direct seeded systems on plant growth 
 

The average values of plant height (cm) and the number 

of tillers per m
2
 were observed from the vegetative stage 

to the harvesting stage in each experiment. The sowing 

days used in the experiment differed, so the data 

collection times used differed.  

 

The plant growth data were collected three times during 

the vegetative stage, panicle initiation stage, and 

harvesting stage. The first plant growth data were 

collected in all experiments after the emergence of the 

five leaf numbers.  

 

The average plant height and number of tillers per m
2
 

were taken from the three replications, along with the 

number of days after planting (DAP) in each experiment. 

The analysis results for the plant growth components are 

presented in Table 3.3. 

 

Plant Height 
 

The plant height was measured from the ground to the tip 

of the longest leaf. The analysis of the results revealed 

that there was no significant difference between the hill 

drop and broadcasting experiments at 32 and 42 DAP, 

respectively; however, there were significant differences 

from the drilling experiment at 49 DAP.  

 

At 50 and 69 DAP, the hill drop and drilling experiments 

did not significantly differ, but they did significantly 

differ from the broadcasting experiment at 58 DAP. The 

hill drop, drilling, and broadcasting planting systems had 

significant differences at 67, 83, and 73 DAP, 

respectively. During the panicle initiation period, the 

plant height did not significantly differ among the 

planting systems (Table 3.3). 
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Tiller 

 

The tiller is an important attribute for estimating grain 

yield. The number of tillers per test plot area was 

counted and converted to tiller numbers per square 

meter. The effects of planting systems (hill drop, 

broadcasting, and drilling) on (32–50), (42–58), and (49–
69) DAP, respectively, differed significantly.  

 

At 83 DAP, the results of the drilling experiment were 

significantly different from those of the hill drop and 

broadcasting systems; however, there were no significant 

differences between them at 67 and 73 DAP, 

respectively.  

 

The results of the drilling experiment were significantly 

different at 98 DAP, while the results of the hill drop 

experiment at 81 DAP were not significantly different 

from those of the broadcasting experiment at 85 DAP. 

The maximum number of tillers increased during the 

third stage and decreased gradually in all the experiments 

(Table 3.3). 

 

Compared with wet seeding (sowing iron-coated seeds) 

and broadcasting (sowing water-soaked seeds), dry 

seeding (sowing dry seeds to dry soil) had a greater 

effect on the number of tillers.  

 

The increased number of tillers in the drilling planting 

method might be attributed to the higher seed rate and 

seedling germination density. Our results are supported 

by Ameen et al.,'s (2014) high seed rate, which 

ultimately resulted in a greater number of tillers per unit 

area. Phuong et al., (2005) reported that a higher seeding 

rate led to better rice seedling stand establishment and, as 

a result, greater tiller density. 

 

The effect of planting methods on yield and yield 

components 

 

Grain yield (kg/ha) 

 

Grain yield sampling for the hill drop experiment was 

performed by harvesting 60 hills per test plot; the area 

harvested in the broadcasting experiment was 3 m
2
, and 

that harvested in the drilling experiment was 3.24 m
2
 per 

test plot.  

 

Three subtest plots were harvested for each experiment. 

The maximum grain yield (7.1 tons/ha) was obtained 

during the drilling experiment. The analysis of the data 

showed that the planting systems and grain yield were 

not significantly different among them (Fig. 3.2). The 

experimental results showed that the planting methods 

did not influence the grain yield.  

 

Our results are also confirmed by Dendup et al., (2018) 

and Taylor et al., (2008), who reported that crop 

establishment methods had no significant influence on 

grain yield.  

 

If management practices are applied correctly, an 

optimum rice yield could be produced using any method 

of planting. Yoshida (1981) stated that rice yield has a 

strong functional relationship with the number of tillers 

and panicles per hill. Laza et al., (2004) observed more 

than 7 tons per hectare of grain yield for hybrid rice in 

the wet season.  

 

The planting methods used were HD (hill drop), BRD 

(broadcasting), and DR (drilling). The line over the bars 

indicates no significant difference among planting 

methods, whereas the bars are the standard errors shown 

in the graphs; NS: no significant difference at P < 0.05. 

 

The effect of planting methods on the yield 

component 
 

The results of the analysis of the number of panicles per 

square meter, the number of grains per panicle, the 

percentage of filled grains, and the weight of 1000 grains 

are presented in Table 3.4.  

 

The average data were taken from the growth test plots, 

i.e., in the hill drop experiment, with 20 hills per test 

plot, while in the broadcasting (0.9 m
2
) and drilling (0.6 

m
2
) plots, data were collected from three replications. 

 

The number of panicles per square meter 
 

The number of panicles per test plot was counted in each 

experiment and converted to panicles per square meter. 

The highest number of panicles per square meter was 

obtained in the drilling (716.7) experiment. There was a 

significant difference in the number of panicles per 

square meter between the drilling experiments and the 

hill drop and broadcasting experiments; however, there 

were no significant differences between them (Table 

3.4). Compared with the hill drop and broadcasting 

systems, the drilling system used the highest seeding rate 

concerning rough rice seeds. Some studies have shown 

that the panicle number per unit area can be increased by 

applying nitrogen at the early stage (Lu et al., 2008) and 

increasing seeding rates (Bond et al., 2008). 
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Table.1 Experimental field design layout 

 

Field conditions Field area Treatment Replication 

I II III 

Puddled 240m
2
 (0.024 ha) Hill drops 20 hills 20 hills 20 hills 

Puddled 3000m
2
 (0.3 ha) Broadcasting 0.9m

2
 0.9m

2
 0.9m

2
 

Upland 3000m
2
 (0.3 ha) Drilling 0.6m

2
 0.6m

2
 0.6m

2
 

 

Table.2 The Fieldwork Efficiency of each planter 

 

Items Hill Drop Broadcasting Drilling 

Area, ha 0.024 0.3 0.3 

Planting width, b(m) 2.4 3 2.4 

Total working time, Tw(h) 0.13 1.4 0.8 

Average operating speed, V(km/h) 1 1 2 

Field efficiency (Ƞ)    

C = Area/Tw 0.184 0.21 0.375 

Ct = b×v 0.24 0.3 0.48 

Ƞ = C/Ct ×100% 76.9 71.4 78.1 

Where C is the field capacity and Ct is the theoretical field capacity. 

 

Table.3 Evaluation of the rate of direct-seeded rice seeds 

 

Planting 

system 

Area 

(ha) 

Seed 

treatment 

Total sown 

seed,kg 

Total rough rice sown seed, 

kg 

Seed rate 

kg/ha 

Hill drop 0.024 Iron coated 1.5 0.77 30.4 

Broadcasting 0.3 Water soaked 29.8 19.87 66.2 

Drilling 0.3 Dry seed 21 21 70 

 

Figure.1 Map of the study area and location 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
https://web-japan.org/region/pref/yamagata.html 

https://web-japan.org/region/pref/yamagata.html
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Table.4 The effect of planting methods on plant growth 

Planting methods Days after planting Plant height (cm) Tillers/m
2
 

 5
th

 leaf emergence (stage 1) 

Hill drop 32 25.9 ± 2.00a 150.3 ± 31.1c 

Broadcasting 42 29.3 ± 1.79a 442.6 ± 36.6a 

Drilling 49 19.9 ± 1.4b 363.3 ± 20.2b 

LSD - 3.5 49.8 

 ~ Stage 2 

Hill drop 50 37.1 ± 1.3b 512.7 ± 28.8c 

Broadcasting 58 46.0 ± 1.5a 589.6 ± 83.9b 

Drilling 69 40.7 ± 2.9b 865.6 ± 59.9a 

LSD - 3.3 104.3 

 ~Stage 3 

Hill drop 67 54.0 ± 2.72c 648.7 ± 14.4b 

Broadcasting 73 51.4 ± 3.52b 646.7 ± 72.0b 

Drilling 83 60.0 ± 3.86a 1051.7 ± 24.04a 

LSD - 5.8 80.3 

 ~Panicles initiation stage (stage 4) 

Hill drop 81 64.7 ± 2.3 487.0 ± 40.9bc 

Broadcasting 85 68.7 ± 1.4 533.0 ± 75.9b 

Drilling 98 71.1 ± 4.9 789.0 ± 79.7a 

LSD - NS 110.7 

The values are the means ± standard deviations (n=3). Values within each column followed by different letters indicate significant 

differences at P < 0.05, NS: not significant, LSD: least significant difference. 
 

Figure.2 Plant growth progress in the hill drop experiment 
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Table.5 Effect of planting methods on yield components 

 

Yield components 

Planting methods Panicles (/m
2
) Grains/panicle % of Filled grains 1,000 Grains weight 

Hill drop 448 ± 54.3b 60 ± 1.74a 90.2 ± 0.014a 22.06 ± 0.25b 

Broadcasting 446.7 ±74.6b 65 ± 7.01a 91.7 ± 0.016a 22.71 ± 0.34a 

Drilling  717 ±59.6a 50 ± 5.34b 85.7 ± 0.015b 21.88 ± 0.16b 

LSD0.05 106.70 9.00 0.02 0.43 
The values are the means ± standard deviations (n=3). Values within each column followed by different letters indicate significant 

differences at P < 0.05 

 

Figure.3 Plant growth progress during the broadcasting experiment 
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Figure.4 Plant growth progress during the drilling experiment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.5 Seed germination analysis of DSR sowing methods 

 

(a) Seedling germination 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Seed germination rate 
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Figure.6 Grain yield (kg/ha) analysis of each planting method 

 

 
The number of grains per panicle 
 

The number of grains per panicle was taken from a five-

hill sample per test plot of each experiment. The 

maximum number of grains per panicle was found in the 

broadcasting experiment (65), while the minimum was 

found in the drilling experiment (50) (Table 3.4).  
 

The results of the hill drop and broadcasting experiments 

were not significantly different for the number of grains 

per panicle; however, they were significantly different 

from those of the drilling experiment. The variation in 

the number of grains per panicle might be influenced by 

the seeding rate. Our results support those of Angassa 

(2017), who suggested that the number of grains per 

panicle is significantly affected by the seeding rate. 
 

Percentage of filled grains 
 

The percentage of filled grains is the ratio of total filled 

grains to the sum of filled and unfilled grains times 

100%. The filled grains were separated from the unfilled 

grains by a saltwater solution (at a specific gravity of 

1.06) and counted by using a seed counter machine. The 

highest percentage of filled grain was observed in the 

broadcasting experiment (91.7%), while the lowest 

percentage was observed in the drilling experiment 

(85.7%) (Table 3.4). The percentages of filled grains did 

not significantly differ between the hill drop and 

broadcasting experiments; however, they did 

significantly differ from the drilling experiment. 
 

1,000-grain weight 
 

We measured the weight of 1,000 grains in each 

experiment, and the average value was calculated. The 

maximum weight of 1,000 grains was measured in the 

broadcasting experiment (22.71 g), and the lowest weight 

was measured in the drilling experiment (21.88 g). The 

1,000-grain weight in the broadcasting experiment was 

significantly different from that in the hill drop and 

drilling experiments; however, the hill drop and drilling 

experiments revealed no significant differences among 

them (Table 3.4). Our results are similar to those of Rana 

et al., (2014), who reported that the thousand-grain 

weight attained by the crop established through direct 

seeding of sprouted seed was the highest, and the lowest 

grain weight was recorded in direct seeding of dry seed. 

Chen et al., (2019) reported that the grain-filling rate 

mainly determines grain weight; grain weight is 

associated with both the rate and duration of grain filling. 

 

Conclusion 
 

The purpose of this study was to evaluate the fieldwork 

efficiency of rice planting machines in paddy fields and 

investigate their effects on rice production. The 

fieldwork efficiency of the planting machines and their 

effect on rice production were assessed by measuring 

different parameters. The field performance of planting 

machines is measured by the rate and quality at which 

the operations are accomplished. 

 

A suitable planting machine is one of the most important 

factors for timely sowing and successful crop 

establishment. The correct adjustment of planting 

machinery and accurate seed placement help to improve 

seedling emergence. 
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The highest fieldwork efficiency was observed for the 

drilling planting method (78.1%), and the lowest 

fieldwork efficiency (71.4%) was observed for the 

broadcasting planting method. 

 

In this investigation, the highest grain yield (7.1 tons/ha) 

was obtained in the drilling and planting system. 

 

Finally, we recommend the hill drop planting system as 

an alternative to the direct-seeded rice method, which is 

efficient and effective and can replace the transplanting 

system for future rice cultivation. Therefore, I suggest 

that the hill drop planting system is essential for rice 

cultivation for resource-saving reasons, such as time, 

labor, and seed availability; ease of operation (for weed 

control and field monitoring); ease of operation; better 

crop stand establishment; and improved crop production. 
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