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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%
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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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Hwlous (ys) RIS (7

Net weight (without attachments)*

IS Bran Sligd ol

Total rotational power consumption

(oo xp252) Lt (s 3l

Planting tray dimensions (width x length)

Cydy ol
Number of rows
JLEEIC
effective width
Sgybey oy 81>
Maximum forward speed
©)95 lae)ze b
Theoretical farm capacity
g sl ppe b b
Real farm capacity
Slasyje 033 cups
Farm efficiency coefficient

98 kg
0.57 kw
900x10 mm
1 -
250 mm
1 ms?
0.09 ha hr!
0.06 ha hr!
66.67 YA

* 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

7 03,lg (o y9luls

3 3,90 (Slyed e

(MM) gty joma o) b8 (N.m) jpove (kW) S
Outer diameter of the pinion shaft Torsional torque on the Required rotational planters
axis power*
4 3 2 1 = fy
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 1.71 3
23.49 21.34 18.64 14.80 40.32 2.28 4

ol o 48 )5 jkai 50 OF + TPM 3)lg0 do 13 Jly9d ()lg5 duslons (gly (o jooe (oS > o jus ®
* For calculating the rotational power, the rotation speed of the pinion axis is considered to be 540 rpm in all cases.

caliseo O\.:.,,o]ol ‘_,ul),é 9 )lfL.:ZJ L;Lmu’zp) sy d])‘\ A g j9e Yot dﬁl)‘ ),{DLS.A -y Jg-\b

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

(deg) ogsts s9ome iz 4195
The twist angle of the pinion axis

(N-M) 9w y9m0 32 2,y onbzeny yoliniS
Torsional torque on the pinion axis

S Gy,
Row of planters

4 3 2 1 =f,
025 039 067 167
045 071 1.23 3.6
060 089 1.60 4.07
068 102 1.86 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

(MmM) " doo 990 (2516 53 (N.M) S Jao yome 52 3,1 (b joladS LS iy Sy
Outer diameter of the crankshaft shaft* Torsional torgue on the pinion axis Row of planters
4 3 2 1 =f
22.03 20.01 17.48 13.87 50.40 1
2775 2521 2203 17.48 100.80 2
31.77 2887 2521 20.01 151.20 3
3498 3178 2776 22.03 201.60 4

ol ond 43,5 a5 3 o a5 B Ghnd K e jemre 5 ad
* The inner diameter of the crankshaft is half its outer diameter

il olsebl culps o, lackd) sl ghilay S Jee jomme iy 4l polie =0 Joua
Table 5- Values of crankshaft torsion angle for the number of planter rows at different confidence levels

(deg) pasts s920 i 49l S oy 32 3,lg (s y9lulS S ) olasi
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 0.61 108 273 201.60 4

abycawd | slady doyd it piie dw Ol wibyly 4355 ol =1 Jeds
Table 6- Variance analysis of the changes of three independent variables on the percentage of missing plants

oS gaie @il arys S8 U mrow ©larpe fgome Blage (il \ /6 bvalle
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%

&yl pae NS 5 782 5 720 luebl prlaws )3 (g loline oy s o %
*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 prew Oy fgeme Slape (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 1014.21  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"
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%

&yPline pae NS 5 722 5 720 luebsl plaws )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

i g @l aayy 8 U phow Olauye gorme Slaye (eSbe L o6 bLvalue

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"m
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"m™

Error 54 5.24% 2.0561 0.0381

Total 80 100.00%

&shlize pac NS 4 782 § 720 lieb! mlaw ;3 (g jboline o iy s g 3
*and ** significance at the confidence level of 95% and 99%, respectively, and ns is not significant

o] lize @15l o Jts (la it sl 35,05 ,bolias 150 (Y3)
aAlold 1y gyblize 13U gl 1o )3 20 53 luebl pglaw 4o
098 Jiame sl yiie 15U e s (Y3) cd) (59, oy
3 35U oy 45 cl Ao 3 AV/AS Lol Jolize il )
o AVIBY L (X1) (g9 oy poiite ) Jao sl 29>
b e Ao yd OIYY su sl Jue ;0 Uad duoyd w3yl
S9y g dlold dtunly e (lacnSle Syt 3900 V) S5
gl )3 (X1) gy oy it ilizeo gl )3 (Y3) o,

a3 o iuled 1y do > AR Lol

) 59, Ladi g3 alold (il

Jie o piio o dw il ly 4 iod @l A Joo>
= U e (28 Al ojlal 5 (L Bes gyl Gy
3 o b 1y odilis cady (69, (Y3) ladig alols . Slke

aS ol gxe ol ol el Cundds AFIVE Jso s oy
o35 (s Jie o 293 @ ol o o2 AFIVE i
P yolis wlwl y0yS lisebl (Y3) cindy (55) digs oy alold
2 (XL) (g rmieg ooy it Laid ¢ uily)ly &y 328 oelcdey
) 59y BaSe Aol wily yuiie Mo ) A pluebl aw



VFed oLl oF o loid I8 ol (65,9l gloopmiilo 45 pii  YAY

30

25
20
15
10

Distance between hills (cm)

b gy 3l oolil L Y3 5 X1 alise gglaw @l il ke dunlie Hloges =YY UKW
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

S g @il a2y S8 lho prew Slupe Egomme Blripe GeNibe \ /e povalue
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 0.048 051 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%

&yPliae pae NS 5 720 9 /A% luebsl ahaw )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.12. Average Comparison; Effects of X3 level on Y4 using Fisher's method
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Fig.13. Average Comparison; effects of X2 level on Y4 using Fisher's method
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