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Introduction

Planting rice seedlings in the main field followed by periodic or intermittent irrigation is often considered a
form of dry farming. Research suggests that flood irrigation in rice cultivation is primarily favored by farmers
for its ability to control weeds and ensure a reliable water supply, rather than necessarily enhancing rice quality
or yield. Depending on the rice variety, intermittent irrigation can sometimes improve both the quality and yield
per unit area. The transplanting process in this method can be carried out manually without machinery or through
mechanized methods using a planter.

Materials and Methods

Conventional rice transplanters designed for use in flooded land are not suitable for transplanting in dry land
farming due to technical constraints. Therefore, it is necessary to develop a specialized rice transplanter tailored
for such soil condition. This transplanter encompasses essential components, including a furrow opener, coverer,
seedling storage tank or tray, seedling mechanism (distributor), seedling transfer mechanism (seedling transport
piston), end separator for seedlings in the soil, power transmission system, depth adjustment shoe, and main and
sub chassis. To evaluate the planter's performance, various parameters were assessed, including the percentage
of lost plants, the average vertical angle of plant orientation, the average spacing between plants in the crop row,
and the average number of seedlings per plant. Moreover, a factorial randomized block design was employed,
with three replications for each level of the independent variables. The independent variables were forward
speed (X1) at three levels of 0.25, 0.5, and 1 m s, planting depth (X2) at three levels of 4, 8, and 12 cm, and the
size of the outlet opening of the seedling tray (X3) in three levels of 10, 15, and 20 mm.

Results and Discussion

The developed single-row planter features key specifications, including a working width of 250 mm, a power
requirement of 0.57 kW, a theoretical field capacity of 0.06 ha h'%, and a field efficiency of 66.67%. The research
findings revealed that forward speed, planting depth, and outlet opening size, along with their interactions,
significantly impact the percentage of lost plants at the 99% confidence level. Among the three levels of forward
speed (X1), the best speed level is 0.25 m s, as it results in the lowest percentage of lost seedlings. As the
forward speed increases, the percentage of lost seedlings increases. The lowest percentage of lost plants (Y1)
occurs at the planting depth of 8 cm and an outlet opening size of 20 mm. Furthermore, forward speed, planting
depth, and their interaction have a noteworthy influence on the vertical angle of plants are established, at the
99% confidence level. With the increase of forward speed and planting depth, the average vertical angle of
seedling establishment deviates from the vertical position. The forward speed of 0.25 meters per second and the
planting depth of 8 cm show the best results for the establishment of seedlings. The sole factor affecting the
spacing between plants in the row is the forward speed. The size of seedling tray’s outlet opening significantly
affects the number of seedlings per plant at the 99% confidence level, while planting depth affects it at the 95%

©2025 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).

¢ https://doi.org/10.22067/jam.2023.84424.1190



mailto:j.baradaran@um.ac.ir
https://doi.org/10.22067/jam.2023.84424.1190
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jam.2023.84424.1190
https://orcid.org/0009-0006-0480-5174
https://orcid.org/0000-0001-7599-2081
https://orcid.org/0000-0001-6563-1581
https://orcid.org/0000-0002-6549-9258
https://jame.um.ac.ir/

9948 0o o8 Al «53,9LaS g il 4y i

confidence level.
Conclusion

Given the recent water crisis, adopting the dry rice farming method and using transplanters offers a viable
solution for managing and conserving water in agriculture. Implementing dry planting with a custom-made
transplanter yields several benefits, including reduced water consumption, lower cultivation costs, improved soil
aeration, increased efficiency, and simplified planting processes. Utilizing this transplanter is an effective
strategy to decrease both the time and expenses related to transplanting, while also mechanizing rice planting in
dry fields.
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Table 1- General characteristics of rice dry-planter
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Quantity Value Unit
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Dimensions of the planter (heightxwidthxlength)
#(Wﬂ"“p U9“\‘) u‘Jb 53) 98 kg
Net weight (without attachments)*
Total rotational power consumption
5,0 ) Lis | o Sl
xR L e oL 900x10 mm
Planting tray dimensions (width x length)
Cydy ol 1
Number of rows
2 250 mm
effective width
Sopiag o g Sl 1 m sl
Maximum forward speed
3 dl“‘)}“’ “"“5)]9 0.09 ha hrt
Theoretical farm capacity '
oty sleejo e 0.06 ha hrt
Real farm capacity
| o 033b Lo o N
Farm efficiency coefficient
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* The dimensions and weight of the planter does not include the water tank and the irrigation tape.
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Table 2- The value of the external diameter, the required rotational power, and the twisting torque on the pinion axis for
the planter at different confidence levels

2 03,ly (i HoliudS

3l 5590 (Sly90 (4l o
S @y,

(MM) 9wy 9200 (256 a3 (N.m) ;520 (kw) Row of
Outer diameter of the pinion shaft Torsional torque on the Required rotational planters
axis power*
4 3 2 1 =fs

21.52 19.54 17.00 13.55 10.08 0.57 1
21.99 19.98 17.40 13.85 20.16 1.14 2
22.67 20.60 17.99 14.28 30.24 171 3
23.49 21.34 18.64 14.80 40.32 2.28 4

sl oad 48,5 )L 53 OF + TPM 3190 dan )3 (Jl)9> (lg5 duale sl (geiy ygee (o352 S ®
* For calculating the rotational power, the rotation speed of the pinion axis is considered to be 540 rpm in all cases.

e ligabl culps g 5L sl dlas slil 4 cyany yome Giomg wgly polde =V Jgua

Table 3- Pinion axis twist angle values for the number of planter rows at different confidence levels

(deg) oygmy s32%0 (it 429l (N.M) Ggmiy j9m0 32 2,ly (b yoliulS LS o,
The twist angle of the pinion axis  Torsional torque on the pinion axis  Row of planters
4 3 2 1 =f

025 039 067 167
045 071 123 3.06
0.60 0.89 1.60 4.07
068 1.02 186 4.70

10.08
20.16
30.24
40.32
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Table 4- Values of outer diameter and torque applied to the crankshaft axis for one to four row planter at different

confidence levels

Row of planters

(MM) " Jyo yooo (2,15 5l (N.M) S Jso ygmo 52 3,1 (oo joliS LGS 3 Sy
Outer diameter of the crankshaft shaft* Torsional torque on the pinion axis
4 3 2 1 = f
22.03 2001 1748 13.87 50.40
2775 2521 2203 17.48 100.80
3177 2887 2521 20.01 151.20
3498 3178 2776 22.03 201.60

B w0 N

ool oad 48,8 s g3 T s b Ghuas S e joee I jlad *
* The inner diameter of the crankshaft is half its outer diameter

ilizeo lisebsl culps g 5L gl sl (slila S e oo Siomy gl polie —0 Jg>
Table 5- Values of crankshaft torsion angle for the number of planter rows at different confidence levels

(deg) oasts s920 i 429l S oy 32 3,lg (s y9liulS S ) olas
The twist angle of the pinion axis  Torsional torgue on the pinion axis (N.m)  Row of planters
4 3 2 1 = f
068 1.00 314 429 50.40 1
054 080 137 344 100.80 2
047 0.69 119 3.02 151.20 3
043 0.61 1.08 273 201.60 4
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ol o plog) Minitab 18 jl53le 5 5 bygSl Jao olusl

A8 yuwd | gladig doyd e pusie dw Slyuss il )y 500 gt —

Cawl 005 DJ)BT W .))9A utmo))

T Jgs

Table 6- Variance analysis of the changes of three independent variables on the percentage of missing plants

i g @il ary S L mrw Olaye fgeme Glape (xSl Ly b value
Source DF Contribution Adj SS Adj MS
Model 26 97.44% 3705.77 142.53 79.10 0.000**
X1= Forward speed (m.s™) 2 10.00% 380.29 190.15 105.52 0.000**
X2= Planting depth (cm) 2 64.62% 2457.45 1228.73  681.87 0.000**
X3= Opening size (mm) 2 20.54% 781.34 390.67 216.80 0.000**
X1*X2 4 1.07% 40.64 10.16 5.64 0.001**
X1*X3 4 0.20% 7.44 1.86 1.03 0.399"
X2*X3 4 0.85% 32.42 8.11 450 0.003**
X1*X2*X3 8 0.16% 6.18 0.77 0.43  0.899
Error 54 2.56% 97.31 1.80
Total 80 100.00%

&yPliae pae NS 5 722 5 720 luebsl ahaw )3 (g loline oy s g %

* and ** significance at the confidence level of 95% and 99%, respectively, and ns is not significant
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Fig.6. Average Comparison; Effects of X1, X2, and X3 on Y1 using Fisher's method
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Fig.7. Average Comparison; Interaction effects of X1*X2 on Y1 using Fisher's method
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Fig.8. Average Comparison; Interaction effects of X2*X3 on Y1 using Fisher's method
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Table 7- Variance analysis of the changes of three independent variables on the average plant standing angle

i G @il ary 8 L prow Oy fgeme Glape (xSl Ly b value

Source DF Contribution Adj SS Adj MS
Model 26 99.21% 6940.42 266.94 259.84 0.000**
X1= Forward speed (m s) 2 28.99% 2028.42 101421  987.25 0.000**
X2= Planting depth (cm) 2 63.59% 444851 222425  2165.12 0.000**
X3= Opening size (mm) 2 0.03% 2.13 1.06 1.04 0.362"
X1*X2 4 6.14% 429.25 107.31 104.46 0.000**
X1*X3 4 0.01% 0.83 0.21 0.20 0.936"
X2*X3 4 0.13% 9.42 2.35 229 0.071"m
X1*X2*X3 8 0.31% 21.86 2.73 2.66 0.015*

Error 54 0.79% 55.47 1.03
Total 80 100.00%

&Pl pae NS 5 722 5 720 luebsl phaws )3 (g loline o ey s g %
* and ** significance at the confidence level of 95% and 99%, respectively, and ns is not significant
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Fig.9. Average Comparison; Effects of X1 and X2 on Y2 using Fisher's method
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Fig.10. Average Comparison; Interaction effects of X1*X2 on Y2 using Fisher's method
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Table 8- Variance analysis of the changes of three independent variables on the average distance of hills

Pl @3l aryy S Lo mrow Olarpe fgoome Claiye oo L \alue P-value

Source DF Contribution Adj SS Adj MS
Model 26 94.76% 37.1939 1.4305 37.57 0.000**
X1= Forward speed (m.s) 2 92.52% 36.3158 18.1579  476.89 0.000**
X2= Planting depth (cm) 2 0.06% 0.0248 0.0124 0.33 0.724"
X3= Opening size (mm) 2 0.37% 0.1452 0.0726 191 0.158"
X1*X2 4 0.36% 0.1398 0.0349 0.92 0.460"
X1*X3 4 0.22% 0.0848 0.0212 0.56 0.695"
X2*X3 4 0.58% 0.2278 0.0569 150 0.216™
X1*X2*X3 8 0.65% 0.2557 0.0320 0.84 0.572"

Error 54 5.24% 2.0561 0.0381

Total 80 100.00%
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*and ** significance at the confidence level of 95% and 99%, respectively, and ns is not significant
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Fig.11. Average Comparison; Effects of X1 level on Y3 using Fisher's method
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Table 9- Variance analysis of the changes of three independent variables on the average number of seedlings per plant

i G @il ary 8 L prw Oy fgeme Glape xSl Ly e b value
Source DF Contribution Adj SS Adj MS
Model 26 99.21% 646.720 24.874 260.20 0.000**
X1= Forward speed (m s?) 2 0.05% 0.298 0.149 156 0.220™
X2= Planting depth (cm) 2 0.10% 0.626 0.313 3.27  0.045*
X3= Opening size (mm) 2 98.87% 644.495 322.248  3370.92 0.000**
X1*X2 4 0.04% 0.238 0.059 0.62 0.649"
X1*X3 4 0.03% 0.194 0.048 0.51 0.731"™
X2*X3 4 0.11% 0.696 0.174 1.82 0.138™
X1*X2*X3 8 0.03% 0.173 0.022 0.23 0.984"
Error 54 0.79% 5.162 0.096
Total 80 100.00%

&yblize pae NS 5720 5 7% luebl prlaw )3 (g loline oy s g %

* and ** significance at the confidence level of 99% and 95%, respectively, and ns of non-significance
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Fig.13. Average Comparison; effects of X2 level on Y4 using Fisher's method
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