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                     Abstract 
 Hill direct seeded rice endorses the time and labour economy, off ers eff ective aeration, minimizing the chances of pest occur-

rences, and fostering favorable and sustained long-term development. In this context, the study was intended to develop 

a tractor-drawn eight-row precision pneumatic hill drop planter cum fertilizer drill for planting 2 ± 1 rice seeds per hill at 

250 × 250 mm spacing. It had rotating drum type metering device which worked as suction chamber from inside. The outer 

surface of drum possessed ten pairs of orifi ces for each row of planter. The planter comprised of seed agitating devices, 

cut-off  plates, spill out chamber and seed scraping devices for enhanced performance. Laboratory evaluation was conducted 

at three orifi ce diameters (1.0, 1.5 and 2.0 mm) and four suction pressures (1, 2, 3 and 4 kPa) at 0.83 m/s forward speed of 

sticky belt for response surface optimization. The criterion was to maximize quality seeding and seeding effi  ciency with 

minimum over seeding. The orifi ce diameter of 1.5 mm and suction pressure of 4 kPa was found suitable with 80% quality 

seeding and 93% seeding effi  ciency. The recommended dose of fertilizer was achieved at 75% opening of fertilizer hopper 

sliding gate. The seed rate, fi eld capacity and fi eld effi  ciency was recorded as 14.20 kg/ha, 0.42 ha/h and 70.36%, respectively 

during the fi eld evaluation. The cost of operation was ₹ 983.74/ha. Hence, the developed planter was found suitable for rice 

hill dropping with fertilizer placement at the optimized levels of selected parameters. 

   Keywords     Hill dropping    ·  Direct seeded rice    ·  Pneumatic metering drum    ·  Tractor drawn planter  

      Introduction 

 India’s rice production has increased at a compound annual 

growth rate of 1.54% during 2008–2018 irrespective of any 

substantial increase in cultivated area (nearly 44.5 mha) and 

presently contributes about 22% of global rice production 

(FAOSTAT  2021 ). The credit is bagged by hybrid cultivars, 

fertilizers, pesticides, irrigation etc. However, their excess 

use not only put unnecessary economic burden on farmers 

but deteriorates the soil, environment and human health as 

well. Mechanized precision agriculture implies need-based 

systematic application of these inputs and has the potential 

to increase productivity and maintain sustainability to meet 

the demands of the increasing population (Tiwari  2016 ; 

Mehta et al.  2020 ). 

 Direct seeded rice (DSR) is presently practiced over 28 

and 23% of rice cultivated area in country and across the 

globe, respectively; and getting popular due to ease of opera-

tion as compared to transplanting, less water requirement 

andits less labour requirement of during peak season of plant 

establishment (Mohapatra et al.  2012 ; Mahender et al .   2015 ; 
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Sandhu et al.  2021 ). DSR eliminates the need of puddling 

(Dry-DSR), nursery preparation, seedling uprooting and 

transplanting operation. Higher labour use for weed manage-

ment has been reported by several studies, however eff ective 

weed control by herbicides substantially reduced the labour 

requirement (Kumar and Ladha  2011 ). The mechanization 

of DSR mainly includes mechanical drilling and hill plant-

ing. It is diffi  cult to maintain the precision in former method, 

resulting in uneven seed distribution and causes diffi  culty in 

post emergence fi eld operations. Hill planting has overcome 

these disadvantages and possesses the benefi t of time, water 

and labour saving, with proper root zone aeration, mitigating 

the diseases and pests attack and promoting healthy growth. 

Also, seed input reduction from 80–120 kg/ha to 20–25 kg/

ha can be achieved (Kumar and Ladha  2011 ). 

 Modern rice cultivation uses hybrid and super hybrid 

seeds, which are costly but highly viable. Super hybrid rice, 

a kind of hybrid rice, has stronger tillering ability than ordi-

nary hybrid. In ideal agronomic conditions, single plant per 

hill is capable of high output with these varieties. However, 

practically 2 ± 1 seeds per hill are recommended for satisfac-

tory crop establishment (Rao et al.  2013 ). 

 Available precision planters with horizontal, vertical, 

inclined plate and cup type seed metering devices have limi-

tations viz. more seed damage and demand of uniform seed 

morphology (Ryu and Kim  1998 ; Singh et al.  2005 ). Ryu 

and Kim ( 1998 ) designed a roller-type-metering mechanism 

for hill dropping of rice seeds. In the fi eld testing, it was 

observed that scattering distance ratio (SDR) was less in 

case of designed roller as compared to old roller. Four dif-

ferent settings of seed tubes were also evaluated  i.e.  bent, 

wide, no and narrow. The narrow tube was found most suit-

able with SDR less than 30. Rajaiah et al. ( 2016 ) tested an 

electronically controlled inclined plate metering device for 

rice seeding. Laboratory evaluation was resulted in 88% 

quality feed index and 6% miss index at optimized levels 

of operational speed, shape of cells in metering device and 

its inclination with horizontal. Sahu and Verma ( 2016 ) also 

conducted a laboratory evaluation of inclined plate meter-

ing system for rice at three diff erent inclination angles and 

rotational speeds, and found that the values of quality feed 

index, miss index, seed rate and seed damage were 88.3%, 

7.7%, 13.3 kg/ha and 0.19%, respectively at rotational speed 

of 15 rpm with 45° inclination. Rajaiah et al. ( 2020 ) evalu-

ated a nine row precision planter with inclined plate type 

metering mechanism for direct seeding of rice in fi eld. The 

results showed that optimum seed rate of 20.15 kg/ha with 

90.5% quality feed index was achieved with slanting-cell 

type inclined plate with 35° inclinations at 0.55 m/s for-

ward speed. Valentin et al. ( 2023 ), developed a precision 

drum type metering device for carrot hill dropping with 2–4 

seeds per hill. The seeder was evaluated at seven operating 

speeds ranging between 0.34 and 0.89 m/s. The seeder per-

formed well at 0.7 m/s with 0.09–0.16 m mean hill center 

and 0–5.5% missed hills. Pneumatic planters are attracting 

attention to cope with these limitations. Modifi cations are 

also made in modular disc type pneumatic planter to meter 

multiple seeds per hill (Yasir et al.  2013 ; Zhang et al.  2014 , 

 2015 ; He et al.  2017 ; Ibrahim et al.  2018 ; Li et al.  2023 ; 

Mahapatra et al.  2024 ). Karayel et al. ( 2004 ) evaluated the 

four diff erent forward speed ranging from 0.5 to 2 m/s and 

three types of seed plates having two, three and four orifi ces 

for melon and watermelon seeds. The scattering distance 

ratios at 0.5 and 1.0 m/s forward speed were acceptable  i.e . 
20–30%. A vacuum seeder with vacuum plate having 36 sets 

of double-hole was evaluated by Topakci et al. ( 2011 ) for hill 

dropping of sesame seeds. The study suggested to use modi-

fi ed seed metering mechanism for hill dropping. The longitu-

dinal dispersion of seeds in a hill became a major limitation 

due to diff erent time of fall in these devices. Hence, the trend 

is diverting towards drum-type pneumatic devices (Zhang 

et al.  2015 ; He et al.  2017 ; Wang et al.  2018 ). Therefore, an 

attempt was made to develop and optimize a tractor drawn 

eight-row precision pneumatic hill drop planter cum ferti-

lizer drill to meet the planting requirements with reduced 

design complexity and cost of operation. 

    Materials and methods 

   Concept of developed tractor drawn eight-row 
precision pneumatic hill drop planter cum fertilizer 
drill (PHDP cum fertilizer drill) 

 The developed PHDP cum fertilizer drill (Fig.   1 ) was 

intended to convey the desired number of seeds from the 

seed box and plant them in the fi eld at the predefi ned spac-

ing. The desired number of seeds per hill, hill to hill and row 

to row spacing were selected as per the agronomic recom-

mendations and reported in Table  1  (Sinha and Talati  2007 ; 

Ibrahim and Ismail  2014 ; Ganapathi and Kumar  2015 ; He 

et al.  2017 ).          

 The developed tractor drawn eight-row PHDP cum ferti-

lizer drill possessed a drum-type pneumatic seed metering 

device with ten pairs of orifi ces for each row on its circum-

ference, a gasoline engine operated blower to create neces-

sary suction pressure, seed boxes, a churning device for seed 

agitation, cut-off  plates and a spill out chamber to manage 

excess seeds carried on the drum surface, a scrapping plate 

to mechanically release seeds from the rotating drum to the 

seed tube, fertilizer boxes with vertical plate type metering 

unit and shoe type furrow openers. 
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    Engineering properties of selected rice cultivar 

 The engineering properties of selected rice cultivar (Paddy 

Kranti) having 9.44 ± 0.57% dry basis moisture content were 

determined in the engineering properties laboratory, ICAR-

Central Institute of Agricultural Engineering, Bhopal, India. 

The three major dimensions and geometric mean diameter 

were 8.05 ± 0.39 mm, 3.33 ± 0.15 mm, 2.21 ± 0.11 mm and 

3.89 ± 0.14 mm, respectively. The thousand seed weight 

and bulk density of selected seeds were 27.80 ± 0.23 g and 

626.49 ± 9.39 kg/m 3 , respectively. The static angle of repose, 

coeffi  cient of friction on metal and plastic were found as 

30.33 ± 1.56°, 0.37 ± 0.02 and 0.34 ± 0.01, respectively. 

    Theoretical considerations 

   Forces acting on the seed during pneumatic metering 
operation 

 The sucked seed is carried to the points a, b, and c by the 

rotational motion of the drum (Fig.  2 ). The seed at point 

‘a’ has downward acting suction force ( S   f  ) and gravitational 

force ( G   f  ), the frictional force ( F   f  ) between the seed and 

the drum surface acts in the direction of drum rotation and 

the centrifugal force ( C   f  ) is pointed outward. The region 

between seed box and point ‘a’ was found suitable for cut-off  

plate; as here it only needs to overcome the  F   f   for dropping 

excess seeds back into the seed box. While after point ‘a’, 

 G   f   will not allow the same and may result in seed clogging. 

The portion between points ‘b’ and ‘c’ was proved suitable 

for seed scraping device, as here it only has to nil out  S   f   and 

weak force  F   f  . Point ‘c’ was selected to maintain a minimum 

height of fall.         

    Design considerations 

 An eight-row unit of two meter nominal width was devel-

oped to avoid tractor (1.5 to 1.8 m track width) operation on 

the planted land with good maneuverability. The diameter 

of the pneumatic hill drop metering drum ( D   d  ) was selected 

by considering several parameters viz. drum rotational speed 

( N   r  ), planter forward speed ( S   p  ), selected orifi ce diameter 

( D ), arc length between two successive orifi ces ( L ) and 

hill spacing ( H   s  ). Larger the diameter, more the opportu-

nity time available for seed suction but require more airfl ow 

rate, resulting in increased cost and leakage possibilities and 

vice-versa. Hence, the uPVC pipe of 90 mm in diameter was 

  Fig. 1       Conceptual drawing of 

developed metering device  

  Table 1       Specifi cations of the developed tractor drawn eight-row 

PHDP cum fertilizer drill  

  Parameter    Details  

  Prime mover    Tractor (30 kW and above)  

  Suction source    Gasoline-powered engine (2.83 kW)  

  Overall dimensions    3254 × 1247 × 1162 mm  

  Total weight    238 kg  

  Seed metering device    Pneumatic drum type (Ø90 mm)  

  Desired seed numbers/hill    2 ± 1  

  Row to row spacing    250 mm  

  Plant to plant spacing    250 mm  

  Fertilizer metering device    Vertical plate type  



505Proceedings of the Indian National Science Academy (2026) 92:502–512 

selected as per Eq.  1 , where  N   r   in rpm,  S   p   in m/s and all other 

dimensions in mm (He et al.  2017 ).

       

 Ten pairs of circular-shaped orifi ces were made along 

the periphery of the metering drum for eff ective seed suc-

tion performance (Barut and Özmerzi  2004 ; Ismail  2008 ). 

The distance between the two orifi ces of a pair was kept 

as 0.01 m considering the maximum seed length (Jadhav 

et al.  2020 ). The orifi ces on metering drum with and without 

sucked seeds are shown in Fig.  3 .         

 In the laboratory at 4 kPa pressure, it was found that 

minimum 45 m/s air velocity was required for satisfactory 

seed suction. A petrol engine operated centrifugal blower 

 (1)Dd =
0.06Sp(D + ΔL)

𝜋NrHs

(Make: Makita, Model: EB7660TH) having maximum fl ow 

rate of 0.33  m 3 /s and maximum air velocity of 92 m/s was 

selected for the study. The fuel consumption of engine oper-

ated blower varied between 0.667 and 1.107 l/h at 2 to 4 kPa 

suction pressure, when operated with gasoline (petrol) fuel 

of 0.745 specifi c gravity and 91 octane number. 

     Laboratory evaluation of developed pneumatic 
seed metering device 

 The laboratory evaluation was carried out on a hydraulic 

powered three-point linkage type sticky belt setup, having 

same width as of planter (Fig.  4 ). The rubber-lined ground 

wheel was powered by the belt itself to match ground to 

metering unit speed ratio. Suction pressure was measured 

using vacuum meter (Make: Lutron; Model: VC9200; Least 

  Fig. 2       Forces acting on seeds during operation of precision pneumatic hill drop metering device  

  Fig. 3       Orifi ces on metering 

drum  
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count: 0.1 kPa). The forward speed of belt was set as 3 km/h 

(0.83 m/s) (Singh et al.  2005 ; Pareek et al.  2021 ).         

   Independent parameters 

 The orifi ce diameter and suction pressure were taken as 

independent parameters for the study. Previous literature 

and Eqs.  2 ,  3  and  4  were used to decide the range of orifi ce 

diameter and suction pressure as 1.0–2.0 mm and 1–4 kPa, 

respectively (Karayel et al.  2004 ; Singh et al.  2005 ; Sriv-

astava et al.  2012 ; Yasir et al.  2012 ,  2013 ; He et al.  2017 ; 

Yitao et al.  2017 ).

      

      

      

where,  D  = Orifi ce diameter, mm;  b  = Minimum width of 

seed, mm;  D   G   = Geometric mean diameter of seed, mm; 

 P   v   = Suction pressure, kPa;  m   1000   = Thousand seed weight, 

g;  P  = Seed projected area,  mm 2 ;    = Seed sphericity, %; 

 ρ   k   = Seed true density, kg/m 3 . 

    Dependent parameters 

 The developed metering device was intended to meter 2 ± 1 

seeds per hill. Hence, the seeding parameters  i.e.  no, qual-

ity, over seeding and seeding effi  ciency (Eqs.  5 – 8 ) were stud-

ied (Zhang et al.  2015 ; He et al.  2017 ; Wang et al.  2018 ). As 

 (2)D = (0.64to0.66)b

 (3)D ≤ (0.5)DG

 (4)Pv = a + bm0.27

1000
+ cP−0.02 − d∅ + e𝜌k

depicted by equations, no seeding and over seeding are unde-

sirable parameters and quality seeding and seeding effi  ciency 

are desirable parameters.

      I.      No seeding ( NS )

         

     II.      Quality seeding ( QS )

         

     III.      Over seeding ( OS )

         

     IV.      Seeding effi  ciency ( SE )

           

    Response surface optimization 

 Most of previous seeding-planting device parameters studies 

have used the traditional approach with single factor, which 

does not consider interaction eff ects, resulting in poor opti-

mization. Recent study eff ectively used the response surface 

methodology for selecting optimum seeding parameters for 

pneumatic planting devices (Beerge  2015 ; Jadhav et al .   2023a , 

 2023b ). Limited literature is available for optimization of rice 

hill drop planting parameters. Hence, full factorial Completely 

Randomized Design was incorporated to obtain mathematical 

models in terms of orifi ce diameter and suction pressure for 

achieving higher quality seeding and seeding effi  ciency with 

lower no seeding and over seeding, and optimize the other 

operation conditions in a cost-eff ective way. The mathemati-

cal sum of no seeding, over seeding and quality seeding is 100 

at any level. Hence, optimizing two of these three will ulti-

mately optimize the remaining one. Hence, only no seeding, 

over seeding and seeding effi  ciency were optimized. 

 The experiment was conducted at three levels of orifi ce size 

(1.0, 1.5 and 2.0 mm) and four levels of suction pressure (1, 

2, 3 and 4 kPa). The dependent parameters were worked out 

by taking 100 observations per replication. As shown in Eq.  9 , 

second-order polynomial regression equations were generated 

to predict the dependent parameters.

      

where,  R   v   is the response variable whose equation is to be 

determined.  β   0   , β   1,    β   2,    β   11,    β   22   and  β   12   are regression coef-

fi cients.  D  and  P  are the coded or non-coded linear terms for 

 (5)NS =
Number of hills metered no seeds

Total number of hills

 (6)

QS =
Number of hills metered 1 − 3 seeds

Total number of hills
× 100

 (7)OS =
Number of hills metered more than 3 seeds

Total number of hills
× 100

 (8)

SE =
Number of hills having atleast 1 seed

Total number of hills
× 100

 (9)Rv = 𝛽
0
+ 𝛽

1
D + 𝛽

2
P + 𝛽

11
D2 + 𝛽

22
P2 + 𝛽

12
DP

  Fig. 4       Laboratory setup for evaluation of developed pneumatic seed 

metering device  
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orifi ce diameter and suction pressure, respectively; while,  D   2   
and  P   2   are the respective quadratic terms.  DP  is the interac-

tion term. 

     Laboratory calibration of fertilizer metering unit 

 Diammonium Phosphate (DAP), Urea and Muriate of Pot-

ash (KCl) were selected as these are most common inor-

ganic fertilizers for fulfi lling the requirements of Nitrogen 

(N), Phosphorus (P) and Potassium (K) macro-nutrients. 

As per agronomic recommendations, the rice crop needs 

split doses of N and K nutrients of 37.5 kg and 12.5 kg, 

respectively with full dose of 50 kg P nutrient per hec-

tare at the time of sowing. Accordingly, the suitable pro-

portion of these three fertilizers was made for laboratory 

calibration of the fertilizer metering unit at 25, 50, 75 and 

100% sliding gates opening of the seed hopper at 0.83 m/s 

ground wheel speed. 

    Field evaluation 

 The prototype of PHDP cum fertilizer drill was developed 

and evaluated at the institute farm of the Central Institute 

of Agricultural Engineering, Bhopal (India) located at 

23°18′49″N, 77°24′15.9″E (Fig.  5 ). The soil, tractor and 

machine parameters were recorded during fi eld evalua-

tion. Performance indices were also recorded during fi eld 

evaluation by keeping furrow openers up. The percent hill 

emergence was also observed 17 days after seeding (Klaij 

and Hoogmoed  1993 ). Hills having at least one seedling 

were considered as emerged hills.         

    Techno-economics of the developed PHDP cum 
fertilizer drill 

 The cost of operation of the planter was calculated using the 

IS standard (Anonymous  1979 ). The payback period and 

break-even point were also determined (Rajaiah  2016 ). 

     Results and discussion 

   Laboratory experiment for optimization of orifi ce 
diameter and suction pressure 

 The values of performance parameters, viz., no, quality and 

over seeding at diff erent levels of orifi ce diameter and suc-

tion pressure are shown in Fig.  6 . The legend notations OD 

‘X’ SP ‘Y’ means orifi ce diameter of X mm and suction 

pressure of Y kPa,  e.g . OD1 SP1 means orifi ce diameter 

of 1 mm and suction pressure of 1 kPa and so on. The val-

ues of no seeding, quality seeding and over seeding varied 

between 0 and 75%, 25 and 100%, 0 and 75%, respectively. 

The maximum quality seeding was found at 1.5 mm orifi ce 

diameter (OD1.5) and 2 kPa suction pressure (SP2) with 

minimum value at OD1 SP1. The maximum values of no 

seeding and over seeding were observed at OD1 SP1 and 

OD2 SP4, respectively. The arrows in the ternary plot show 

that at lower orifi ce diameter and suction pressure combina-

tion, quality seeding was less. After increasing up to certain 

combination, it was again decreased. No seeding was lower 

and over seeding was more at higher orifi ce diameter and 

suction pressure combination. While, no seeding was more 

and over seeding was less at lower values of independent 

parameters.         

  Fig. 5       Field evaluation of developed PHDP cum fertilizer drill    Fig. 6       Ternary plot for no, quality and over seeding  
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 The results of regression analysis are summarized in 

Table  2 . It can be seen that selected model was highly sig-

nifi cant for all the responses. All the models were fi t as the 

calculated ‘F’ value of lack of fi t for all responses was less 

than the table ‘F’ value. The coeffi  cient of determination 

also indicated that models represented the most of variabil-

ity of the responses. The predicted and adjusted  R 2  were in 

close harmony for every response as their arithmetic diff er-

ence was less than 0.07. The signal-to-noise ratio of selected 

models was found advisable as the value of adequate preci-

sion was more than 12 in all cases.  

   Linear, quadratic and interaction eff ect of independent 
parameters 

 From Table  2 , the linear and quadratic terms of orifi ce diam-

eter ( D ) and linear term of suction pressure ( P ) had a highly 

signifi cant eff ect (p < 0.0001) on the no seeding ( NS ) param-

eter. The interaction term ( D  ×  P ) did not infl uenced the  NS  
signifi cantly, while the quadratic term of  P  had less sig-

nifi cant eff ect on  NS  (p < 0.05). The negative signs of quad-

ratic terms indicate their inverse relationship with the  NS . 
Similar to  NS, D  aff ected the over seeding ( OS ) and seeding 

effi  ciency ( SE ) most signifi cantly (p < 0.0001). Eff ect of  P  
was more signifi cant (p < 0.01) on  OS  and most signifi cant 

(p < 0.0001) on  SE . The interaction term had more signifi -

cant eff ect on  OS ; however, it had no eff ect on  SE . Simi-

larly, quadratic terms of individual eff ects had no eff ect on 

 OS , but they had signifi cant eff ect on  SE . The likely reason 

for the non-signifi cant eff ect of interaction term on  NS  is 

that, regardless of the level of one independent parameter, 

the  NS  consistently decreased with an increase in the level 

of the other independent parameter. Similarly, the  SE  was 

continuously improved with increasing the levels of inde-

pendent parameters. In addition, as the quadratic terms were 

found signifi cant, there may be a weak curvilinear eff ect of 

 D  and  P  on  NS  and  SE . While on the other hand, in case of 

 OS  at quadratic terms found non-signifi cant due to domi-

nance of linear eff ects. 

    Response surface regression models 

 The second order polynomial regression equations devel-

oped for prediction of  NS ,  OS  and  SE  are as given by 

Eqs.  10 ,  11  and  12 , respectively with corresponding coef-

fi cient of determination values.

      

      

       

 The plot of normal (%) probability verses externally stu-

dentized residuals is a very useful diagnostic technique to 

verify the systematic deviation of normally distributed errors 

and not dependent on one another. The points in the plots 

aligned in vicinity of a straight line, which points towards 

normal error distribution (Fig.  7  (a, d, g)). The plots of pre-

dicted verses actual observations show the behaviour of lin-

ear regression without any ambiguous dispersion (Fig.  7 b, 

 (10)
NS =193.68 − 164.67D − 20.66P + 3.43DP

+ 41.5D2 + 1.81P2 …(R2 = 0.92)

 (11)
OS =11.25 − 15.33D − 9P − 4.73DP

+ 7.67D2 + 0.94P2 …(R2 = 0.82)

 (12)
SE = − 93.68 + 164.67D + 20.66P − 3.43DP

− 41.5D2 − 1.81P2 …
(
R2 = 0.92

)

  Table 2.       ANOVA of second-

order polynomial regression 

models with coded coeffi  cients 

of the responses  

 R 2  = Coeffi  cient of determination, ***Highly signifi cant at < 0.01% level of signifi cance; **Signifi cant at 

1% level of signifi cance, *Signifi cant at 5% level of signifi cance;  NS  Non-signifi cant. 

  Source    No seeding, %    Over seeding, %    Seeding effi  ciency, %  

  ANOVA  

  Model F-value    70.53***    26.56***    70.53***  

  Lack of fi t    NS    NS    NS  

  R 2     0.92    0.82    0.92  

  Adjusted  R 2     0.91    0.79    0.91  

  Predicted  R 2     0.89    0.72    0.89  

  Adequate precision    14.04    15.49    24.82  

  Coded values of regression coeffi  cients  

  Intercept    12.58    6.65    87.42  

  Orifi ce diameter ( D )    − 15.79***    9.75***    15.79***  

  Suction pressure ( P )    − 9.72***    4.23**    9.72***  

   D  ×  P     2.58 NS     3.55**    − 2.58 NS   

   D   2      10.37***    1.92 NS     − 10.37***  

   P   2      4.06*    2.13 NS     − 4.06*  
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e, h). Hence, the developed models are adequate and explain 

the behaviour of responses.         

 The  NS  was maximum at the lower augmented points 

of the  D  and  P . It was reduced towards higher augmented 

levels for the selected range of the  D  and  P  (Fig.   7 c). 

The increase in  P  at constant  D  increased the  OS  gradu-

ally (Fig.   7 f). A similar trend was observed in case of 

 OS  when the  D  was increased at constant  P . As shown 

in (Fig.   7 i),  SE  was less at lower augmented points of 

both the independent parameters and showed an improving 

trend towards higher augmented points. 

    Numerical approach for optimization of metering operation 

 To draw the optimized solution, constraints were applied 

to the responses and the independent parameters were kept 

in range. The lower values of  OS  and  NS  with higher value 

of  SE  were desirable. In Table  3 , fi rst solution with 1.5 mm 

  Fig. 7       Normal probability plots, predicted verses actual data and contours of  D  ×  P  interaction respectively for No seeding ( a ,  b ,  c ), Over seeding 

( d ,  e ,  f ) and Seeding effi  ciency ( g ,  h ,  i )  
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 D  and 4 kPa  P  was selected as optimized because of its 

minimum  NS  (6.92%), optimum  OS  (13.015) with maximum 

 SE  (93.08%) values. The corresponding value of QS was 

80.07%. The selected solution had acceptable desirability 

of 0.8. The same orifi ce diameter was suggested in previ-

ous studies (Zhang et al.  2013 ; He et al.  2017 ) while one 

suggested a diameter of 1.6 mm for rice metering (Zhang 

et al.  2015 ). Nearly equal suction pressure of 3.2 kPa for rice 

metering suggested in literature (Zhang et al.  2013 ).  

    Graphical representation by overlay plot 

 The overlay plot shown in Fig.   8  was generated as per 

the solution suggested by the numerical optimization 

to observe all the responses in one go. The curves of 

responses were superimposed for the interaction  D  ×  P . 
The desirable area (shown in the yellow colour) is bounded 

on every side by diff erent responses.         

    Validation of models for seed metering 

 To check the suitability of developed models fi ve replica-

tions were conducted in the laboratory at optimized solu-

tion. The validation results from the confi rmation tool of 

Design expert software are represented in Table  4 . The 

data means of all responses fall within the prediction inter-

val of the confi rmation tool at a 5% level of signifi cance. 

Hence, developed regression models predicted the behav-

iour of responses with reasonable accuracy.  

  Table 3       Numerical solutions for 

optimization of rice metering  
  Orifi ce diam-

eter, mm  

  Suction pres-

sure, kPa  

  No seeding, %    Over seeding, %    Seeding effi  -

ciency, %  

  Desirability  

  1.5    4    6.92    13.01    93.08    0.8  

  1.5    3    9.79    8.30    90.21    0.8  

  1.5    2    16.27    5.48    83.73    0.8  

  Fig. 8       Overlay plot of optimized solution for rice metering  

  Table 4       Validation of regression 

model through confi rmation 

tool for rice metering  

  Std. dev.  Standard deviation;  n  number of observations;  Std. Er.  Standard error;  PI  Prediction interval 

  Response    Mean    Median    Std. dev    n    Std. Er. 

predicted  

  95% PI low    Data mean    95% PI high  

  No seeding, %    6.9    6.9    5.03    5    3.03    0.74    8.60    13.10  

  Over seeding, %    13.01    13.01    4.65    5    2.79    7.31    13.00    18.72  

  Seeding effi  ciency, %    93.08    93.08    5.04    5    3.03    86.90    91.40    99.26  

  Table 5       Eff ect of percent opening of sliding gate on fertilizer rate  

  Sr. No    Sliding gate opening, %    Fertilizer 

dropped, kg/

ha  

  1    25    53.07  

  2    50    125.42  

  3    75    165.54  

  4    100    214.12  
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     Laboratory calibration of fertilizer metering unit 

 The fertilizer drop varied between 53.07 at 25% opening to 

214.12 kg/ha at 100% opening (Table  5 ). Hence, the basal 

dose requirement of rice of 168.12 kg/ha was fulfi lled by 

keeping the sliding gate 75% open (Fulton and Port  2016 ).  

    Field performance of developed precision 
pneumatic hill drop planter cum fertilizer drill 

 The evaluation was carried out in black cotton soil having 

moisture content of 19.58% ( wb ) and a wet bulk density 

of 1210 kg/m 3 . The fuel consumption and wheel slip were 

5.12 l/h and 6.73%, respectively, measured at 0.83 m/s for-

ward speed. The observed actual fi eld capacity and fi eld 

effi  ciency were 0.42 ha/h and 70.36%, respectively. The 

average seed rate and depth of planting were recorded as 

14.20 kg/ha and 35 mm. Three replications, each of 15 m 

length, were taken. The observed values were 11.1%  NS , 
12.27%  OS , 76.29%  QS  and 88.56%  SE . The percent hill 

emergence was observed as 91%. The crop condition after 

17 days is shown in Fig.  9 .         

    Economics of the developed PHDP cum fertilizer 
drill 

 The initial cost of the planter was about ₹ 92,500/- and ₹ 

35,000/- with and without the cost of the engine-operated 

blower, respectively. The life of planter was considered as 

10 years as per BIS standard. The calculated fi xed and vari-

able costs of planter on per hour basis were ₹ 30.87 and ₹ 

10.50, respectively. The calculated operational cost was ₹ 

983.74/h and ₹ 2342/ha. The values of break-even point were 

obtained as 114.03 h/yr, 47.89 ha/yr. On the basis of esti-

mated fi xed cost and annual use of 200 h, the payback period 

was found to be as 7.7 years. 

     Conclusions 

 Response surface methodology was eff ectively used for 

selection of best pneumatic hill drop metering parameters, 

viz., orifi ce diameter and suction pressure as 1.5 mm and 

4 kPa, respectively for the optimized response parameters 

as 80.07% quality seeding, 13.01% over seeding, 6.92% no 

seeding and 93.08% seeding effi  ciency. Nearly similar output 

was obtained in the fi eld within selected range of independ-

ent parameters. The actual fi eld capacity and fi eld effi  ciency 

were 0.42 ha/h and 70.36%, respectively. The average plant-

ing depth of 35 mm was found. The observed seed rate in 

the fi eld was 14.20 kg/ha. The vertical plate fertilizer meter-

ing device met the basal dose requirement for rice at a 75% 

opening of the hopper sliding gate. The cost of operation of 

the developed PHDP with a fertilizer drill was ₹ 983.74/ha. 

       Acknowledgement     Facilities provided by ICAR-Indian Agricultural 

Research Institute, New Delhi and ICAR-Central Institute of Agri-

cultural Engineering, Bhopal for conduct of the study are deeply 

acknowledged.  

  Author contributions     JML: Investigation, methodology and writing—

original draft preparation. NBM: Conceptualization and Resources. 

DM: Supervision. JMH: Writing—review and editing and Formal 

analysis. AKN: Writing—review and editing. PRR: Writing—review 

and editing.  

  Data availability     The research data will be made available on request.  

  Declarations    

   Conflict of interest     The authors have declared that no confl ict of inter-

est exist.   

  References 

   Anonymous:  IS: 9164–1979 Guide for estimating cost of farm machin-

ery operation. Bureau of Indian Standards, New Delhi (1979).  

                                          Barut, Z.B., Özmerzi, A.: Eff ect of diff erent operating parameters 

on seed holding in the single seed metering unit of a pneumatic 

planter. Turkish J. Agric. for.  28 (6), 435–441 (2004)  

                         Beerge, R.: Investigation on optimization of design and operational 

parameters of pneumatic seed planter. University of Agricultural 

Sciences, Raichur (2015)  

   FAOSTAT:  Food and Agriculture Organization.   http:// www. fao. org/ 

faost at/ en/# data     (2021). Accessed 01 Dec 2020  

   Fulton J, Port K:  Physical properties of granular fertilizers and impact 

on spreading. The Ohio State University–Collage of food, agri-

cultural and environmental sciences.   https:// ohiol ine. osu. edu/ facts 

heet/ fabe- 5501     2016. Accessed 09 Jul 2021  

                                          Ganapathi, D., Kumar, A.S.: Design, development and fi eld evaluation 

of manually operated rice transplanter for system of rice intensi-

fi cation. Int. J. Agric. Environ. Biotechnol.  8 (3), 735–741 (2015)  

                                                                          He, X., Zaiman, W., Xiwen, L., Xiaoman, C., Chunbo, L., Ying, Z.: 

General structure design and fi eld experiment of pneumatic rice 

direct-seeder. Int. J. Agric. Biol. Eng.  10 (6), 31–42 (2017)  

                                          Ibrahim, B., Ismail, W.I.W.: Development of system rice intensifi cation 

(SRI) paddy transplanter. Asian J. Agric. Sci.  6 (2), 48–53 (2014)  

  Fig. 9       Crop condition after 17 days of planting  



512 Proceedings of the Indian National Science Academy (2026) 92:502–512

                                                                  Ibrahim, E.J., Liao, Q., Wang, L., Liao, Y., Yao, L.: Design and experi-

ment of multi-row pneumatic precision metering device for rape-

seed. Int. J. Agric. Biol. Eng.  11 (5), 116–123 (2018)  

                                  Ismail, Z.E.: Developing the metering unit of the pneumatic planter 

1-The factors aff ecting seed metering unite performance. J. Agric. 

Sci. Mansoura Univ.  33 (9), 6511–6525 (2008)  

                                                          Jadhav, M.L., Din, M., Nandede, B.M., Kumar, M.: Engineering prop-

erties of paddy and wheat seeds in context to design of pneu-

matic metering devices. J. Inst. Eng. India Ser. A  101 (2), 281–292 

(2020)  

                                                          Jadhav, M.L., Mohnot, P., Jagadale, M.H., Nandede, B.M.: Optimiza-

tion of design parameters of pneumatic plug tray seeding mecha-

nism for cabbage seed. J. Agric. Eng.  60 (1), 14–23 (2023a)  

                                                          Jadhav, M.L., Mohnot, P., Jagadale, M.H., Nandede, B.M.: Response 

surface modelling of low-cost pneumatic nursery protray seeder 

parameters for tomato ( Solanum lycopersicum ) seedlings. Curr. 

Hort.  83 (3), 53–58 (2023b)  

                                                  Karayel, D., Barut, Z.B., Özmerzi, A.: Mathematical modelling of vac-

uum pressure on a precision seeder. Biosyst. Eng.  87 (4), 437–444 

(2004)  

                                          Klaij, M.C., Hoogmoed, W.B.: Soil management for crop production in 

the West African Sahel. II. Emergence, establishment, and yield of 

pearl millet. Soil Tillage Res.  25 (1993), 301–315 (1993)  

                                          Kumar, V., Ladha, J.K.: Direct seeding of rice. In: Recent Develop-

ments and Future Research Needs, 1st edn., p. 111. Elsevier Inc., 

Amsterdam (2011)  

                                                          Li, Y., Bai, Y., Zhang, X., Xie, F.: Structural design and simulation 

analysis of a dual-row pneumatic vegetable precision planter. Pro-

cesses  11 (6), 1803 (2023).   https:// doi. org/ 10. 3390/ pr110 61803      

                                                                                                  Mahapatra, J., Tiwari, P.S., Singh, K.P., Nandede, B.M., Sahni, R.K., 

Pagare, V., Singh, J., Shrinivasa, D.J., Mandal, S.: An adjustable 

pneumatic planter with reduced source vibration for better preci-

sion in fi eld seeding. Sensors  24 (11), 3399 (2024).   https:// doi. org/ 

10. 3390/ s2411 3399      

                                                  Mahender, A., Anandan, A., Pradhan, S.K.: Early seedling vigour, an 

imperative trait for direct-seeded rice: an overview on physio-

morphological parameters and molecular markers. Planta  241 (5), 

1027–1050 (2015)  

                                                  Mehta, C.R., Chandel, N.S., Rajwade, Y.A.: Smart farm mechaniza-

tion for sustainable Indian agriculture. AMA Agricg. Mech. Asia. 

Africa Lat. Am.  51 (4), 99–105 (2020)  

                                                                  Mohapatra, P.C., Din, M., Parida, B.C., Patel, S.P., Mishra, P.: Eff ect 

of mechanical planting and weeding on yield, water-use effi  ciency 

and cost of production under modifi ed system of rice intensifi ca-

tion. Indian J. Agric. Sci.  82 (3), 280–283 (2012)  

                                                          Pareek, C.M., Tewari, V.K., Machavaram, R., Nare, B.: Optimizing the 

seed-cell fi lling performance of an inclined plate seed metering 

device using integrated ANN-PSO approach. Artif. Intell. Agric. 

 5 , 1–12 (2021).   https:// doi. org/ 10. 1016/j. aiia. 2020. 11. 002      

                         Rajaiah, P.: Design and development of precision planter for direct 

paddy seeding. ICAR-Indian Agricultural Research Institute, New 

Delhi (2016)  

                                                                          Rajaiah, P., Mani, I., Kumar, A., Lande, S.D., Singh, A.K., Vergese, 

C.: Development and evaluation of electronically controlled preci-

sion seed-metering device for direct-seeded paddy planter. Ind. J. 

Agric. Sci.  86 (5), 598–604 (2016)  

                                                                          Rajaiah, P., Mani, I., Parray, R.A., Lande, S.D., Kumar, A., Vergese, 

C.: Design and development of precision planter for paddy direct 

seeding. J. Agric. Eng.  57 (4), 302–314 (2020)  

   Rao, R.N., Rao, K.S., Baig, M.J., Patnaik, S.S.C., Rao, G.J.N., Behera, 

K.S., Das, K.M.: Production technology for rice hybrid CR Dhan-

701 (CRHR-32). CRRI Techol. Bull.  88 , 1–4. (2013)  

                                          Ryu, I.H., Kim, K.U.: Design of roller type metering device for preci-

sion planting. Trans. ASAE  41 (4), 923–930 (1998)  

                                          Sahu, M., Verma, A.: Evaluation of inclined plate metering mecha-

nism for direct seeded rice. Int. J. Eng. Res. Tech.  5 (05), 722–728 

(2016)  

                                                          Sandhu, N., Yadav, S., Singh, V.K., Kumar, A.: Eff ective crop man-

agement and modern breeding strategies to ensure higher crop 

productivity under direct seeded rice cultivation system: a review. 

Agronomy  11 (7), 1–25 (2021)  

                                                  Singh, R.C., Singh, G., Saraswat, D.C.: Optimisation of design and 

operational parameters of a pneumatic seed metering device for 

planting cotton seeds. Biosyst. Eng.  92 (4), 429–438 (2005)  

                                          Sinha, S.K., Talati, J.: Productivity impacts of the system of rice inten-

sifi cation (SRI): a case study in West Bengal. India. Agric. Water 

Manag.  87 (1), 55–60 (2007)  

                                                                       Srivastava, A.K., Goering, C.E., Rohrbach, R.P., Buckmaster, D.R.: 

Crop planting. In: Peg, M. (ed.) Engineering Principles of Agri-

cultural Machines, 2nd edn., pp. 231–265. American Society of 

Agricultural and Biological Engineers, St. Joseph (2012)  

                                                            Tiwari, P.S.: Precision agriculture. In: Dutt, S., Kandwal, R., Verma, R. 

(eds.) Handbook of agricultural engineering, pp. 159–166. Indian 

Council of Agricultural Research, New Delhi (2016)  

                                                                  Topakci, M., Karayel, D., Canakci, M., Furat, S., Uzun, B.: Sesame 

hill dropping performance of a vacuum seeder for diff erent tillage 

practices. Appl. Eng. Agric.  27 (2), 203–209 (2011)  

                                                                             Valentin, M.T., Białowiec, A., Karayel, D., Jasinskas, A., Ciolkosz, D., 

Lavarias, J.A.: Investigation of the performance of a cylindrical 

hopper and metering device of a carrot seeder. Sci. Rep.  13 (1), 

1–16 (2023).   https:// doi. org/ 10. 1038/ s41598- 022- 25798-8      

                                                                                  Wang, B., Luo, X., Wang, Z., Zheng, L., Zhang, M., Dai, Y., Xing, H.: 

Design and fi eld evaluation of hill-drop pneumatic central cylinder 

direct-seeding machine for hybrid rice. Int. J. Agric. Biol. Eng. 

 11 (6), 33–40 (2018)  

                                                          Yasir, S.H., Liao, Q., Yu, J., He, D.: Design and test of a pneumatic 

precision metering device for wheat. Agric. Eng. Int. CIGR J. 

 14 (1), 16–25 (2012)  

                                                          Yasir, S.H., Qingxi, L., Jiajia, Y., Dali, H.: Dynamic analysis for kernel 

picking up and transporting on a pneumatic precision metering 

device for wheat. Agric. Eng. Int. CIGR J.  15 (2), 95–100 (2013)  

                                                  Yitao, L., Lei, W., Qingxi, L.: Design and test of an inside-fi lling pneu-

matic precision centralized seed-metering device for rapeseed. Int. 

J. Agric. Biol. Eng.  10 (2), 56–62 (2017)  

                                                                          Zhang, G., Zang, Y., Luo, X., Wang, Z., Zeng, S., Zhou, Z.: Design and 

experiment of oriented seed churning device on pneumatic seed 

metering device for rice. Trans. Chin. Soc. Agric. Eng.  29 (12), 

1–8 (2013)  

                                                                  Zhang, G., Zang, Y., Luo, X., Wang, Z., Li, Z.: Line-churning tooth 

design and metering accuracy experiment of rice pneumatic pre-

cision hill-drop seed metering device on pregnant Japonica rice 

seed. Trans. Chin. Soc. Agric. Eng.  30 (17), 1–9 (2014)  

                                                                          Zhang, G., Ying, Z., Luo, X.W., Wang, Z.M., Zhang, Q., Zhang, S.S.: 

Design and indoor simulated experiment of pneumatic rice seed 

metering device. Int. J. Agric. Biol. Eng.  8 (4), 10–18 (2015)   

  Publisher's Note     Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affi  liations.  

 Springer Nature or its licensor (e.g. a society or other partner) holds 

exclusive rights to this article under a publishing agreement with the 

author(s) or other rightsholder(s); author self-archiving of the accepted 

manuscript version of this article is solely governed by the terms of 

such publishing agreement and applicable law.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2026-05-16T17:47:27+0530
	Preflight Ticket Signature




