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Abstract 9 

Research has advanced in the development of precision seed metering devices to ensure 10 

proper seed distribution at high speeds. However, little is known about the effect of in- 11 

creasing seeding speed, as well as seeding at different inclinations of the tractor-seeder 12 

unit, on the integrity and physiological quality of soybean seeds. This study aimed to 13 

identify the effect of travel speeds (5, 7, 9, 11, and 13 km h⁻¹) combined with three longi- 14 

tudinal inclinations of a pneumatic seed metering device (−11°, 0°, and 11°), simulating 15 

field conditions, on the distribution and integrity of soybean seeds. A 5×3 factorial design 16 

was used with an additional control treatment in which the seeds did not pass through 17 

the metering device. The variables evaluated included the percentage of spacing between 18 

individual seeds, germination, mechanical damage (tetrazolium test), and seedling 19 

emergence. The results demonstrated that increasing the speed did not prevent the 20 

spacing between individual seeds from falling below the minimum limit of 90% for 21 

pneumatic seed metering devices. The treatments did not affect germination compared to 22 

the control. Sowing on a slope caused the greatest mechanical damage to soybean seeds. 23 

All treatments significantly reduced plant emergence, except when the pneumatic me- 24 

tering device operated at an incline of 0° at 9 km h⁻¹. 25 

Keywords: Glycine max L., mechanical damage, longitudinal inclination and distribution 26 

1. Introduction 27 

The pursuit of enhanced productivity, characterized by optimal spatial distribution 28 

of seeds and augmented efficiency, has prompted research endeavors into the develop- 29 

ment of seed meters capable of executing the sowing operation with optimal longitudinal 30 

distribution of seeds and accelerated movement of the seed drill [1]. However, there is a 31 

paucity of research on the impact of accelerating the sowing rate of soybeans on the 32 

mechanical damage to seeds that may ensue, with the exception of generic assertions 33 

from the early days of pneumatic metering that these metering devices did not cause 34 

seed damage. Astanakulov [2] identified an average mechanical damage of 5.2% in soy- 35 

bean seeds using a seeder with horizontal disc dispensers. The findings were consistent 36 

with those previously reported by the same author, who had conducted similar experi- 37 

ments in a laboratory setting using a test bench. 38 

Plantability, defined as the quality of sowing, is a pivotal factor in establishing 39 

sufficient stands to optimize the productive potential of soybean crops. Uniformity of 40 
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distribution is a pivotal parameter in the context of crop establishment, along with seed 41 

placement depth. The arrangement of seeds, contingent on the spacing between rows 42 

and between plants in a row, ought to serve as the guiding principle for the sowing pro- 43 

cess. The ideal distance between crop seeds in the sowing row is determined based on 44 

the cultivar and growing season, for example, to ensure the most equidistant distribution. 45 

Consequently, the notion of acceptable, double, or missing spacing between seeds at the 46 

time of sowing emerges [3]. 47 

Mechanical damage is a primary factor impeding the production of high-quality 48 

soybean seeds, as it affects viability and other physiological variables that can hinder the 49 

crop's maximum expression of productive potential. It has been demonstrated that losses 50 

in germination and vigor are evident from harvest through the drying, processing, and 51 

storage processes [4]. The extent of these losses can significantly affect the processes in- 52 

volved in germination and the establishment of the desired stand in soybean crops, de- 53 

pending on the degree of intensity. As demonstrated in the extant literature, damage to 54 

seeds can occur during a variety of processes. Such damage has been observed during 55 

the harvesting of grains [5], during transport by grain trucks [6], during processing at the 56 

UBS [7], during post-harvest seed storage [8], and during the sowing process [2]. In par- 57 

ticular, damage has been observed as the seeds pass through the seeder to the soil.  58 

The germination test is a widely utilized method for the evaluation of seed quality, 59 

enabling producers, traders, and farmers to employ seed lots of known quality. The test 60 

is standardized, and its use is widespread. It is employed to market seeds in a structured 61 

manner, as it determines the maximum germination potential of a seed lot. In this regard, 62 

factors influencing germination, including water, light, temperature, and oxygen, are 63 

meticulously regulated [9]. 64 

Soybean seed damage assessment can be performed using the tetrazolium test, as it 65 

is an official, widely consolidated methodology for the species. This test allows, in a sin- 66 

gle analysis, the estimation of seed quality potential, vigor, and identification of the 67 

main causes of reduced quality, including mechanical damage, moisture protection, and 68 

perception damage, based on color patterns of embryonic tissues. This approach is more 69 

suitable for seed quality control than a simple morphological evaluation by opti-cal mi- 70 

croscopy, which is not standardized in the "Rules for Seed Analysis" (an official docu- 71 

ment of the Brazilian Ministry of Agriculture and Livestock) for this purpose and does 72 

not establish a direct relationship with embryonic structure (9). 73 

The tetrazolium test is a biochemical test that is based on the activity of dehydro- 74 

genase enzymes that are present in the living tissues of seeds. These enzymes catalyze 75 

the reduction of 2-3-5-triphenyl tetrazolium chloride (TCT) in living tissues, resulting in 76 

the production of a red, stable, and non-diffusible substance, triphenylformazan, within 77 

living cells. This reaction enables the distinction between living and dead parts, with the 78 

former exhibiting a red coloration and the latter displaying a milky white hue (10, 11). 79 

The reduction of TCT, which results in the formation of the compound triphenylforma- 80 

zan, serves as an indicator of respiratory activity within the mitochondria. This, in turn, 81 

signifies the viability of the cells and tissue. Consequently, the color that emerges from 82 

this reaction serves as a positive indication of viability, achieved through indirect detec- 83 

tion of respiration at the cellular level. In Brazil, the tetrazolium test is a prevalent 84 

method for evaluating the quality of seeds (12). Tetrazolium is an effective method for 85 

validating seed quality. This method is advantageous in terms of its rapidity when 86 

compared to the germination test, and it enables a diagnosis of the quality of a seed 87 
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batch through the indirect determination of the respiratory activity of the seed's living 88 

tissues. In direct contact with the tetrazolium saline solution, the seed absorbs this solu- 89 

tion, which, through the hydrogenation process of tetrazolium, produces a red-colored 90 

substance in the living cells of the seeds (12, 13). 91 

The utilization of seeds characterized by elevated germination and robust vitality 92 

constitutes a pivotal element in the art of successful sowing. These seeds confer stability 93 

and uniformity within the field, thereby engendering augmented productivity potential 94 

(22) and optimal dry matter accumulation. This phenomenon signifies an enhanced uti- 95 

lization of the nutrients harbored within the seed (14, 15). 96 

The objective of this study was to verify the homogeneity of the longitudinal dis- 97 

tribution and mechanical damage caused to soybean seeds by a pneumatic dispenser, 98 

simulating bench sowing, with different inclinations and speeds of movement of the 99 

tractor-seed drill combination. 100 

2. Materials and Methods 101 

The present study was conducted at the Center for Innovation in Agricultural Machinery 102 

and Equipment (NIMEq) and at the Seed Laboratory of the graduate pro-gram in Seed 103 

Science and Technology at the Eliseu Maciel School of Agronomy (FAEM) at the Federal 104 

University of Pelotas (UFPel). The Selenium pneumatic dispenser from J. Assy®  was uti- 105 

lized in the study. A test bench was utilized to vary the drive rotation of the dispenser, 106 

thereby simulating the travel speeds of the tractor-seed drill combination and the longi- 107 

tudinal inclinations of the dispenser. This demonstrated its use on uphill, level ground, 108 

and downhill in the field at angles of 11°, 0°, and -11°, respectively, on the test bench for 109 

simulating grain sowing, developed by NIMEq as shown in figure 1. The experiment 110 

utilized soybean seeds of the 95Y95 IPRO PIONEER®  cultivar, P1 sieve, 5.25 mm, lubri- 111 

cated with agricultural graphite, added at a ratio of 4 g kg-1 of seeds.  112 

 113 
Figure 1. Pneumatic seeder at inclinations of 11º, 0º and -11º respectively. FAEM – UFPel, 114 

2025. 115 

The seeds were meticulously filled in the seed storage box for each repetition. The test 116 

demonstrated an absence of seed transfer, indicating that each seed traversed the dis- 117 

penser on a single pass. The disc utilized in this experiment contained 40 circular aper- 118 

tures, each with a diameter of 4 millimeters. The tests were conducted with the disc op- 119 

erating at speeds of 29.2 rpm, 40.8 rpm, 52.5 rpm, 64.2 rpm, and 75.8 rpm, corresponding 120 

to velocities of 5, 7, 9, 11, and 13 km h-1, respectively, as delineated in ISO 7256/1-1984 121 

(ISO, 1984 13). Consequently, a 3 x 5 + 1 factorial design (15 treatments plus a control) was 122 

formulated, with 4 replicates each. The control group consisted of a 1 kg sample of the 123 

cultivar under analysis, maintained in its original integrity (without exposure to the me- 124 
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tering mechanism). This experimental design aimed to isolate the seed meter as the ex- 125 

clusive independent variable, establishing the premise that any increase in mechanical 126 

damage observed in the other treatments resulted strictly from the additive effect of seed 127 

passage through the aforementioned mechanical component. To determine the number 128 

of replicates necessary for the study, a preliminary test was conducted. This test involved 129 

10 replicates, the purpose of which was to ascertain the stabilization of the coefficient of 130 

variation of the experimental error (cv). It was observed that, according to local control, 131 

three replicates had already promoted stabilization of the cv. However, it was deter- 132 

mined that four replicates would be used for the study. 133 

An automatic data collection system was employed to record the information, with a 134 

sensor based on a microprocessor system that continuously communicates the readings 135 

taken by an optical sensor instrumented for signal adjustment and arranged in a specific 136 

geometry, with the computer via a serial monitor using the RS-232 proto-col. At the con- 137 

clusion of each treatment, the system produced a .csv file comprising data on the time 138 

interval between seeds (17). The collection of information on the time interval between 139 

soybean seeds was used to determine the uniformity of seed distribution, thereby gen- 140 

erating the covariate, acceptable spacing be-tween seeds (EA), according to Coelho (3). 141 

The ideal distance between soybean seeds was simulated, considering a population of 142 

300,000 plants per hectare, which corresponds to 14 seeds by meter, in rows spaced 0.45 143 

meters apart, obtaining a distance of 7.14 centimeters between seeds in the crop row. 144 

Accordingly, the acceptable distance between soybean plants was determined to be be- 145 

tween 3.57 and 10.70 centimeters, corresponding to 7.14 centimeters with a 50% margin of 146 

error (3). 147 

For the variables related to damage to soybean seeds, a sample of approximately 1 kilo- 148 

gram of soybean seeds was collected during the passage of the seeds in each of the 149 

treatments and sent to the seed analysis laboratory of the graduate program in Seed 150 

Science and Technology at FAEM - UFPel, for the analysis of seed damage variables. This 151 

analysis was performed in accordance with the Rules for Seed Analysis [9]. To collect 152 

these grains at the exit of the seed conduit, a cloth was used to cushion the fall of the 153 

seeds. This control was implemented to ascertain that any impairment to the seeds was 154 

attributable to their transit through the dosing unit-down tube assembly, and not to the 155 

impact of the seeds as they descended into the collection container. Therefore, the re- 156 

sponse variables that were evaluated included the following: acceptable seed spacing as a 157 

percentage; soybean seed germination as a percentage; mechanical damage to soybean 158 

seeds by the tetrazolium test as a percentage; and soybean seed emergence as a percent- 159 

age. Additionally, as a control, 1 kilogram of seed from the batch under study was sent 160 

for analysis without passing through the dispenser, there-by ensuring a control treat- 161 

ment. 162 

Germination Test 163 

The germination test was conducted using four replicates per treatment, each consisting 164 

of four subsamples of 50 seeds. The seeds were sown in between-paper method mois- 165 

tened with distilled water at a ratio of 2.5 times the weight of the dry paper. The rolls 166 

were placed in a germinator, and the percentages of normal seedlings, abnormal seed- 167 

lings, and non-germinated seeds were determined according to the Rules for Seed Anal- 168 

ysis [9], as shown in figure 2.  169 



Crops 2025, 5, x FOR PEER REVIEW 5 of 12 
 

 

 170 

Figure 2. Normal seedlings, abnormal seedlings, and non-germinated soybean seeds 171 

subjected to the germination test. Prepared by the authors. FAEM – UFPel, 2025. 172 

Tetrazolium Test 173 

The tetrazolium test in soybean (4x100 seeds) evaluates viability and vigor through en- 174 

zymatic staining (dehydrogenases), identifying mechanical, weathering, or stink bug 175 

damage within 2-3 hours. The standard methodology includes preconditioning (6-16h at 176 

25-41°C), staining (0.075-1% TZ solution at 35-40°C in the dark), and the evaluation of 177 

longitudinal sections (12), as shown in figure 3. 178 

 179 

Figure 3. Soybean seeds were subjected to the tetrazolium test to evaluate their physio- 180 

logical quality and viability. Prepared by the authors. FAEM – UFPel, 2025. 181 

Emergence Test 182 

The emergence test allows for an assessment of seedling development under 183 

non-controlled conditions. The experiment was conducted using trays 184 

(600 mm X 370 mm X 140 mm) filled with a sandy substrate. For each treatment, 100 185 

seeds were sown at the recommended depth for the species. Following sowing, the trays 186 

were irrigated and placed in a greenhouse without artificial regulation of temperature, 187 

water, or light. The emergence count was performed 21 days after sowing (DAS) (9), as 188 

shown in figure 4. 189 
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 190 

Figure 4. Soybean seeds that have emerged (seedlings) subjected to germination testing 191 

after passing through the pneumatic seed metering system at different sowing speeds 192 

and longitudinal inclination angles.. Prepared by the authors. FAEM – UFPel, 2025. 193 

The results obtained for all response variables were analyzed by Proxy ANOVA (analysis 194 

of variance) using statistical software. When the effects of the treatments on the model 195 

were significant by the F test (α ≤ 0.05), the means were compared by Tukey's test at a 5% 196 

error probability (α ≤ 0.05) for the variable, acceptable spacings. They were also com- 197 

pared by Tukey's and Dunnett's tests for the variables: germination, mechanical damage 198 

by tetrazolium (TZ), and emergence. 199 

3. Results 200 

A substantial effect was observed for the interaction between treatment factors for 201 

all variables that were subjected to analysis. The Shapiro-Wilk test indicated that the er- 202 

ror distribution was normal, and the application of data transformation was not required. 203 

In simulated sowing on a slope (-11º), the highest percentages of acceptable spacing oc- 204 

curred at speeds of 7 and 9 km h-1, followed by speeds of 5 and 11 km h-1 and 13 km h-1, 205 

the latter being no lower than 11 km h-1. In level sowing (0°), the highest percentages 206 

occurred at the first three speeds, followed by the speed of 11 km h-1. However, the latter 207 

was not lower than the first two speeds and not higher than the speed of 13 km h-1. When 208 

the incline was evaluated, two statistically distinct groups were identified. The highest 209 

percentages of acceptable spacing were observed at the first three speeds. At the two 210 

highest sowing speeds, a decrease in acceptable spacing was observed (Table 1). 211 

 212 

Table 1 – Acceptable seed deposits (%) in simulated soybean sowing in the laboratory as a function of different 213 

travel speeds and seed dispenser tilt angles. FAEM – UFPel, 2025. 214 

Speed 

(km h-1) 

Angle (°) DMS3 

(%) 
CV4 (%) 

-11° 0° 11° 

5 1b2B 94.8 abA 99.6 aA 99.2 2.0 1.2 

7 aA 97.3 abAB 98.8 aA 99.2 1.5 0.9 

9 aB 97.1 aA 98.8 aA 99.1 1.7 1.0 

11 bcB 92.9 bcA 96.6 bA 96.9 2.0 1.3 

13 cB 90.3 cA 95.1 bA 96.1 3.2 2.0 

DMS (%)    2.89    2.19    2.11 -- -- 

CV (%)    1.62    1.19    1.34 -- -- 
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1 Lowercase letters compare the percentage of acceptable spacing (in percent) of soybeans as a function of speed in the 215 

column, using Tukey's test (α ≤ 0.05). 2 The utilization of uppercase letters is indicative of the objective of compar- 216 

ing the percentage of acceptable spacing as a function of angle in the row. 3 Minimum significant difference. 4 Coeffi- 217 

cient of variation of the data in the statistical model (CV). 218 

In the context of evaluating the variables associated with damage to soybean seeds 219 

as they traverse the dispenser at varying speeds and angles, the additive effects of the 220 

treatments can be discerned. This evaluation simulates the field conditions of the seeder, 221 

with the additive effects exhibiting variation in intensity depending on the variable un- 222 

der consideration. In the context of variable germination, no discernible decrease was 223 

observed in comparison to the control treatment. Conversely, the increase in speed did 224 

not result in a decrease in germination at each angle. However, an examination of the 225 

data reveals a decline in soybean germination at speeds of 9 and 13 km h-1, at both level 226 

and uphill angles, in comparison to the downhill angle (Table 2).  227 

Table 2 – Soybean germination (%) in simulated soybean sowing in the laboratory as a function of the use of dif- 228 

ferent travel speeds and inclination angles of the seed dispenser. FAEM – UFPel, 2025. 229 

Speed 

(km h-1) 

Angle (°) DMS3 

(%) 

CV4 

(%) -11° 0° +11° 

5 a1A2 99.3ns aB 97.0 ns aA 99.3 ns 1.9 0.7 

7 aA 98.0 ns aA 98.3 ns aA 98.0 ns 4.2 1.7 

9 aA 100.0 ns aB 97.7 ns aB 98.0 ns 1.7 0.7 

11 aA 98.0 ns aA 97.7 ns aA 100.0 ns 3.3 1.3 

13 aA 99.3 ns aB 97.0 ns aB 97.7 ns 1.9 0.8 

Control   100  100   100 -- -- 

DMS (%)  3.5  2.7  2.6 -- -- 

CV (%)  1.3  1.0  0.9 -- -- 

1Lowercase letters compare soybean germination (%) as a function of speed, in the column, using Tukey's test (α ≤ 230 

0.05). 2Uppercase letters compare soybean germination as a function of angle, in the row, using Tukey's test (α ≤ 0.05). 231 
3Minimum significant difference. 4Coefficient of variation of data in the statistical model (CV). nsNon-significant dif- 232 

ference by Dunnett's test in relation to the untreated control at a 5% probability of error (α ≤ 0.05). *Significant differ- 233 

ence according to Dunnett's test in relation to the untreated control at a 5% error probability (α ≤ 0.05). 234 

The findings of the tetrazolium test demonstrate that mechanical damage was sub- 235 

stantial following the treatments (Table 3). Subsequent to the crop establishment process, 236 

the damage becomes more apparent. The evaluation of seed emergence subjected to the 237 

treatments demonstrated that, with the exception of the level angle treatment at a speed 238 

of 9 km h-1, all other treatments resulted in a significant decrease in soybean seedling 239 

emergence when compared to the control treatment (Table 4). 240 

 241 

Table 3 – Mechanical damage (%) to soybean seeds by the tetrazolium (TZ) test in the laboratory as a function of 242 

the use of different travel speeds and angles of inclination of the seed dispenser. FAEM – UFPel, 2025. 243 

Speed 

(km h-1) 

Angle (°) DMS3 (%) CV4 

(%) -11° 0° +11° 

5 b1B2   2.0ns aB   2.0ns aA   4.0* 0 0 

7 bA   2.0ns aA   2.0ns aA   6.0* 4.1 49.9 
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9 abA   4.0* aA   4.0* aA   4.0* 0 0 

11 aA   6.0* aC   2.0ns aB   4.0* 1.4 14.4 

13 aA   6.0* aA   4.0* aA   4.0* 3.2 27.7 

Control    1    1    1 -- -- 

DMS (%)    2.4    2.7    2.7 -- -- 

CV (%)   22.4   35.7   22.7 -- -- 

1Lowercase letters compare the mechanical damage (%) of soybean seeds by the tetrazolium (TZ) test as a function of 244 

speed in the column, by Tukey's test (α ≤ 0.05). 2Capital letters compare mechanical damage to soybean seeds (%) by 245 

the tetrazolium (TZ) test as a function of angle in the row by Tukey's test (α ≤ 0.05). 3Minimum significant difference. 246 
4Coefficient of variation of data in the statistical model (CV). nsNon-significant difference by Dunnett's test in relation to 247 

the untreated control at a 5% probability of error (α ≤ 0.05). *Significant difference according to Dunnett's test in 248 

relation to the untreated control at a 5% error probability (α ≤ 0.05). 249 

Tabela 4 – Soybean emergence (%) in simulated soybean sowing in the laboratory as a function of the use of dif- 250 

ferent travel speeds and inclination angles of the seed dispenser. FAEM – UFPel, 2025. 251 

Speed 

(km h-1) 

Angle (°) DMS3 (%) CV4 

(%) -11° 0° +11° 

5 a1A2 86.0* cB 81.0* cC 76.3* 4.6 2.3 

7 aA 86.0* bA 86.3* aA 86.0* 5.5 2.5 

9 bC 76.0* aA 91.0ns abB 83.0* 4.1 1.9 

11 cC 70.0* bA 84.7* bcB 78.0* 3.0 1.5 

13 aA 85.3* cB 80.7* bcB 79.3* 4.3 2.1 

Tetesmunha  93  93  93 -- -- 

DMS3 (%)   5.1   2.7   5.7 -- -- 

CV4 (%)   2.4   1.2   2.6 -- -- 

1Lowercase letters compare soybean emergence (%) as a function of speed, in the column, using Tukey's test (α ≤ 0.05). 252 
2Uppercase letters compare soybean emergence as a function of angle, in the row, using Tukey's test (α ≤ 0.05). 253 
3Minimum significant difference. 4Coefficient of variation of the data in the statistical model (CV). nsNon-significant 254 

difference by Dunnett's test in relation to the untreated control at a 5% probability of error (α ≤ 0.05). *Significant 255 

difference according to Dunnett's test in relation to the untreated control at a 5% error probability (α ≤ 0.05). 256 

 257 

 258 

4. Discussion 259 

Bortoli et al. (18) documented an average linear loss of 42% in acceptable deposits in the 260 

field when the speed increased from 2 to 9 km h-1 during the sowing process using a 261 

horizontal disc seeder. Therefore, a substantial discrepancy exists in the acceptable 262 

spacing requirements when employing horizontal disc dispensers as opposed to pneu- 263 

matic dispensers. 264 

An analysis of the extant literature reveals the evolution of pneumatic seed dispensers. 265 

Alonço et al. (19) conducted a study in which they analyzed three pneumatic seeders at 266 

three transverse inclinations and at three travel speeds between 5 and 10 km h-1. The 267 

study obtained average values of 50% acceptable spacing of soybeans in simulated bench 268 

sowing. The enhancement in distribution, in conjunction with the inherent quality of 269 

each dispenser, can be mitigated by the geometry of the seed conduit. Down tubes with 270 
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parabolic profiles—such as the one used in the study—tend to mitigate the decrease in 271 

acceptable spacing that can occur due to the increased travel speed of the tractor-seed 272 

drill combination (20). It is noteworthy that, given the established minimum value of 90% 273 

of acceptable spacing for pneumatic dispensers (3), the observed results indicated that, 274 

irrespective of the interaction between speed and inclination levels tested, no value lower 275 

than the minimum requirement was recorded. 276 

In the course of evaluating the variables of damage to soybean seeds, it is imperative to 277 

pass them through the dispenser at increasing speeds and at different angles. This pro- 278 

cess serves to simulate the field conditions of the seeder. Through this method, the addi- 279 

tive effects of the treatments are observed at different intensities, depending on the var- 280 

iable evaluated. In the context of variable germination, no discernible decrease was ob- 281 

served in comparison to the control treatment.  282 

Conversely, the increase in speed did not result in a decrease in germination at each an- 283 

gle. However, an examination of the data reveals a decline in soybean germination at 284 

speeds of 9 and 13 km h-1, at both level and uphill angles, in comparison to the downhill 285 

angle (see Table 2). This phenomenon could be attributed to the alteration in the trajec- 286 

tory of the seeds within the descent tube, a phenomenon that was mitigated on the 287 

downhill slope, thereby reducing the impact of the seeds within the tube (see Table 2 for 288 

further details).  289 

According to Oliveira et al. (21), an average loss of viability, as determined by the te- 290 

trazolium test, of approximately 14% has been observed between mild and severe dam- 291 

age to soybean seeds. This loss increases to 19% when compared to seeds that have not 292 

suffered damage. With regard to the issue of vigor, the aforementioned author exhibited 293 

an average loss of approximately 23%, a finding that aligns with the results previously 294 

documented in this study. A comparative analysis of the treatments reveals that an in- 295 

crease in travel speed resulted in damage to soybean seeds, exclusively on uphill slopes. 296 

As anticipated, an increase in sowing speed resulted in greater damage at the two highest 297 

tested speeds on the downhill slope (see Table 3). 298 

Subsequent to the establishment of the crop, the damage becomes more apparent. The 299 

evaluation of seed emergence subjected to the treatments demonstrated that, with the 300 

exception of the level angle treatment at a speed of 9 km h-1, all other treatments resulted 301 

in a significant decrease in soybean seedling emergence when compared to the control 302 

treatment (Table 4). When the treatments were evaluated against each other, within each 303 

angle, the worst emergence percentages occurred at speeds of 11 and 9 km h-1, respec- 304 

tively. When level sowing was simulated, three distinct statistical groups were formed. 305 

The lowest emergence percentages occurred at the extreme lower and upper speeds (5 306 

and 13 km h-1), followed by the subsequent speeds in the same direction (7 and 11 km h-1). 307 

The lowest emergence loss occurred at a speed of 9 km h-1 for this angle. On an incline, 308 

the maximum emergence losses occurred at speeds of 5, 11, and 13 km h-1, while the 309 

minimum losses were recorded at speeds of 7 and 9 km h-1 (see Table 4). The emergence 310 

test is the most evident reflection of seed vigor, as it simulates field conditions, showing 311 

stabilization, uniformity, and germination speed in the field. In circumstances where 312 

emergence conditions are less than ideal, it is reasonable to anticipate more substantial 313 

repercussions from potential damage to seeds during the sowing process. This damage 314 

may manifest as uneven or inadequate emergence, with the capacity to influence 315 

productivity. 316 
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Within each speed, reductions in the emergence rate were higher on uphill and level 317 

terrain, respectively, for the speed of 5 km h-1; greater loss for the level treatment at 318 

7 km h-1; greater loss on downhill terrain, followed by uphill terrain at a speed of 9 km h-1; 319 

worst on downhill slopes followed by uphill slopes at 11 km h-1; and greater losses in the 320 

variable, level ground and uphill slopes, at a speed of 13 km h-1 (Table 4).  321 

The quality of seeds and the ease with which they can be planted are of paramount im- 322 

portance in the realm of seed production, as it is only under these optimal conditions that 323 

the plant is able to fully manifest its inherent technological capabilities. According to 324 

Rodrigues et al. (2025) (22), the utilization of high-quality seeds has been demonstrated to 325 

facilitate optimal crop establishment, prevent the propagation of seed-borne diseases, 326 

and ensure high vigor, uniformity, and, consequently, high productivity. 327 

 328 

5. Conclusions 329 

The downhill operation demonstrated the most significant impact on the uniformity of 330 

distribution, as evidenced by the increase in the speed of the tractor-seed drill combina- 331 

tion. However, under the most unfavorable conditions, the minimum acceptable spacing 332 

percentage for pneumatic dispensers (90%) was attained. 333 

The interaction between the treatment factors did not demonstrate an effect on seed 334 

germination in comparison with the control. 335 

The process of sowing uphill resulted in substantial mechanical damage to soybean 336 

seeds, irrespective of the tested velocity. An analysis of the damage revealed that signif- 337 

icant damage occurred exclusively at speeds above 9 km h-1 in the downhill direction. In 338 

level sowing, damage was observed at speeds of 9 and 13 km-1. 339 

The emergence of soybean seedlings was not significantly impacted when sown at a 340 

speed of 9 km h-1 using a leveled seeder. The remaining treatments exhibited a significant 341 

reduction in crop emergence. 342 
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