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THE PUNCH PLANTER, SPECIFICATION AND 

EVALUATION 

Ismail, Z. E*  

ABSTRACT 

A prototype punch planter for no-tillage corn was developed to provide 

different seed spacing. Plant distribution per feddan was adjusted by 

changing planter punch connecting rod. Seed spacing of 136, 163, and 

194 mm were obtained by changing the reciprocating crank radius with 

different punch tube lengths, represented 550, 450, and 350 mm 

respectively. The machine is constructed, manufactured and tested in 

experimental lab. at agricultural engineering Mansoura University. The 

effect of an oscillating tube mechanism on the seed's distribution by 

calculating seed's spacing, miss index, multiples index, and quality of 

feed index, precisions in spacing and the amount of seed rate was 

recognized. The data were statistically analyzed to determine the effect of 

the oscillating tube radii and the traveling speed of punch planter under 

three different of the connecting rod length "punch reciprocated radius" 

(35, 55 and 100 mm) on performance. The smallest punching tube length 

(350 mm) had the best results at 0.39 m/s, with a quality of feed index of 

95.1% and precision of 3.92%. The multiples index and miss index, not 

always significant, as complementary of quality of feed index, were the 

lowest at 0.39 m/s. 

INTRODUCTION 

he idea to put the seed in soil by punch's holes in the soil and 

drops seeds in them is identified. This idea is designed for no-

tillage systems were a substantial plant residue is left in the field. 

The punch planter for corn was designed, prototyped, and evaluated for 

no-tillage conditions using a commercial seed metering device. Referring 

to a planter using a finger pickup metering unit, the data from the Prairie 

Agricultural PAMI (1984a), collected on a greased belt, show a quality of feed 

index of 97% to 88% for 2.22 m/s and 96% to 87% for 3.06 m/s travel speed. 
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For a machine using an airflow seed meter PAMI (1984b) reports a quality 

of feed index of 97% to 91% for 2.22 m/s and 97% to 88% for 3.61 m/s 

travel speed. That idea is based on a set of two plates with opposite spiral 

slots and a third plate with radial slots in between those two. With an 

external effort, the punches attached to the sliding plates will expand or 

contract. The prototype was built and required also a personalized 

vacuum seed meter. Furthermore, it was supplied with a punch wheel that 

can adjust its diameter, so the tips will change the distance, producing 

seed spacing that may vary from 0.16 to 0. 21 m. The multiples index 

(more than one seed in one space) increased up to 5.0% when compared 

to laboratory results. Emergence may have been affected by 

environmental conditions, but the precision during field tests was better 

than in the laboratory tests. Another tray was carried out by Molin et al. 

(2002). Ismail and El-hanify (2009) investigated a new mechanism of the 

punch planter system based on small smart machines. The idea of this 

system is put the seed in soil by punch’s holes in the soil and drops seeds. 

The data were statistically analyzed to determine the effect of the 

oscillating tube radii and the traveling speed of the punch planter under 

two different of the connecting rod length (150, and 180 mm). The 

optimum parameters were found at punch planter speed of 0.6 m/s and 

oscillating tube radius of 12cm and connecting tube rod of 180mm. 

A punch planter may offer better seeding performance than conventional 

planters for no-tillage conditions because it moves a minimum amount of 

soil and residue and offers precision in seed spacing. Minimal research 

has been completed to overcome some limitations that these machine 

concept offers, specifically mechanisms to change population rate. Plant 

population stands have been widely studied. Local recommendations for 

corn populations are available. Schueller (1992) reported that seed 

companies have tried to match their hybrids to localized conditions. 

Research in this area tends to continue because of the increased 

importance given to cite exact management. The adoption of a specific 

plant population for each environmental condition has been studied and 

proposed as a management solution for yield improvement (West et al.-

1998). Corn population rates have increased by more than 20% since 

1980 in many areas of the Egypt.  
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Even in areas where the soil residual is not a limitation, farmers still have 

problems dealing with residue in no-tillage conditions, indicating that 

research for no-tillage planting needs to be continued. The punch planter 

is an alternative concept for no-tillage with precision as it rolls over the 

residue. This research focused on some of the questions related to 

punching planter performance with changes in seed distribution and 

oscillating tube of the punch mechanism.  

MATERIALS AND METHODS 

1- The punch planter design 

The specifications of the punch planter prototype are the driver wheel 

diameter of 600mm, thickness of 7mm and 50mm wide. It equipped with 

special inversely triangle form made from iron to reduce the slippage and 

to increase the rolling efficiency (Fig. 1).  It also is having the oscillating 

tube mechanism that consists of a four-bar mechanism. It was design to 

realize the vertical straight-line displacement. The displacement stroke 

was regulated with the crank length. The motion is translated to the 

oscillating tube mechanism from the drive wheel by the transmission 

system. The metering device was connected to the frame of a planter. 

Through chain and sprockets a drive wheel was providing rotation to the 

horizontal seed disc. Seed metering system, is seeding plate types. The 

seed plate is edge-drop plate; it has cells and rotates at the bottom of a 

seed hopper. The kernels fall into the cells on the edge and dropped 

inside the oscillating tube mechanism. The seed holding number is 

regulated by changing the number of holes on the metering disc or by 

changing the rotational speed of metering disc. 

2- The punch planter calibration 

The punch planter operated by human power (Fig. 1) was designed for 

seeding in fields with zero tillage. The process could be divided into 

three steps: 1) drilling 2) seeding and 3) hole closing. During the drilling 

step, the puncher penetrated into the soil by the action of the rotating 

counterweight (felly wheel) on the crank shafts for the four bears 

mechanism that pushing the free part of the punch system. Consequently, 

the planter provided impact force in this step. Seeding was done by 

harmonizing the action of the roller mechanism motion and puncher 

transmission motion when the seeds from the hopper were dropped into 

the holes through the metering device. 
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1. Oscillating tube mechanism  2. Driver wheel 
3. Metering device   4. Oscillating transmission system 

Fig. 1: The investigated punch planter (Ismail, 2009) 

The prototype was 550 wide, 900 mm long and 600 mm high. It was a 

one row planter with the variable row seed spacing of 100 to 250 mm, 

varied by adjusting the sleeve arrangement of transmission motion. The 

puncher was increased in length from 50 mm to 80 mm, to enable it to 

penetrate the un-burnt residual and reach the soil. The hole-to hole 

spacing could be adjusted from 136, 163, and 194 mm by changing the 

reciprocating crank radius with different punch tube lengths, represented 

550, 450, and 350 mm respectively. The metering device was regulated 

for two to three corn seed for each hole with 12 mm diameter and 5 - 7 

mm depth regarding to punch speed-(5 holes per meter). The capacity of 

the seed tank was 0.03 Liter for each device. 

The field experimental 

The experiment was carried out at a special field in Monsoura, Egypt. 

The experimental site was previously under alfalfa cultivation and 

harvested by a mower harvester model. The soil moisture content was 17 

% (w.b.) two conditions of straw (residual) managements were applied. 

Firstly, the straw is remanded on the field surface and secondly, straw as 

left by the mower harvester. The corn grain was tested an evaluation by 
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the investigated punch planter. The main specification of corn (Trabel 

Hoogen 324 variety) tabulated in tables (1) and (2). 

Table 1: Some of physical properties of corn seeds 

L,  

mm 

W,  

mm 

T,  

mm 

M, 

g 

dg, 

mm 

da, 

mm 

afs, 

mm 

ats, 

mm 

Sp, 

% 

MC, 

% 

10.54 7.26 4.57 0.268 7.25 116.57 164.81 204.11 67.71 12.78 

10.82 7.64 4.85 0.364 7.59 130.87 180.82 219.08 70.27 14.30 

11.16 7.69 5.19 o.372 7.93 148.20 197.25 238.00 70.77 17.40 

Where:- L: length, W: width, T: thickness, M: mass, dg: geometric 

diameters, da: arithmetic diameters., afs: area of flat surface, ats: 

area of transverse surface, sp: spherically, and MC: moisture 

content dry basis 

Table 2 : The mechanical properties of corn seeds  

Specific 

mass, g 

Angle of 

repose, degree 

Friction angle, 

degree* 

Rigidity 

force, N 

Terminal 

velocity, m/s 

7.0 ± 0.35 22.91 ± 2.18 23.6 ± 1.16 80.82 ± .82 8.18 ±0.98  

* Friction angle with sheet metal surface. 

The variables and majoring parameters 

The work was based on a  seed spacing of 136, 163, and 194 mm were 

tested, along with punch speeds of 0.39; 0.49; 0.59 and 0.69 m/s, both in 

the laboratory and in the field. The evaluation was based on spacing 

between seeds or plants. The transmitted system's ratio between the 

revolution numbers of metering disc and the oscillating of punching tube 

is regulated to keep the synchronize between seed space and seed 

dropping from metering device. The tests were replicated three times for 

each treatment of the punch planter. The data were statistically analyzed 

to determine the effect of the oscillating tube radii and the punching 

speed of the punch planter under three different of the punching tube 

length (350, 450 and 550 mm) on performance indices, namely mean 

seed spacing, miss index, multiples index, and quality of feed index, 

precisions in spacing and the amount of seed rate.  

Seed miss index (Sm, %) 

The seed misses index could be considered as the first indicator for the 

seed disposing performance. It was estimated for each treatment by 

counting the number of hole/cells that have no seeds and counting the 
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number of the used holes/cells in each treatment. Then the percentage of 

missed index (Sm, %) can be calculated as follows (Ismail, 2009) 

)1(                                100*,%
M

B
Sm n  

The seeds multiples index (Smu %) The seed double ratio could be 

considered as the second indicator for the seed disposing performance. It 

was estimated for each treatment by counting the number of holes that 

have more than one seed and counting the number of the total holes in 

each treatment. Then the percentage of seed's multiples index can be 

calculated as follows: 

)2(100*,%
M

A
S n

mu   

Where:   

Bn  = The number of holes that have no seeds. 

M   = The total number of the used holes/sells. 

An  = The number of holes that have more than one seeds. 

The quality of feed index (UH, %) 

The uniformity of the seed in the row could be considered as the 

third indicator for the seed disposing performance. It was estimated by 

calculating the seed miss index and the seed multiples index. Then the 

percentage of the quality of feed index in the row can be calculated as 

follows: 

  )3(%,%,100%, SmuSmUH   

The seed precision index (SP, %) 

Precision (Sp, %) is the coefficient of variation of the spacing between 

the nearest plants in a row that are classified as singles after omitting the 

outliers consisting of misses and multiples. The Duncan's test was used to 

analyses the obtained data under different variables. 

RESULTS AND DISCUSSION 

Factors influence punch planter performance: 

The first approach to the statistical analysis of the laboratory data was to 

fit a second-order response surface for each variable tested against punch 

speed and punching tube length. However, since most analyses had 
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significant, a response surface analysis was suitable. Seed distribution 

parameters (miss index, multiples index, quality of feed index, and 

precision) of the laboratory tests are presented in table (3), as well as the 

probabilities of "F test" and least significant differences (LSD) at 5% 

probability. Probabilities of "F test" were significant for all the variables 

tested.  

The smallest punching tube length (350 mm) had the best results at punch 

speed of 0.39 m/s, with a quality of feed index of 95.1% and precision of 

3.92%. The multiples index and miss index, not always significant, as 

complementary of quality of feed index, were the lowest at punch speed of 

0.39 m/s. In work of Molin et al. (2002), using only the small wheel and 

before performing some major changes in the prototype, observed similar 

results. However, no effect of punch speed between 0.39 m/s and 0.59 m/s 

was observed. Almost the same response occurred with the largest 

reciprocated radius (100 mm). Precision was even better (2.1%), but the 

multiples index was high at all three punch speeds. Also, a high miss index 

was observed at punch speed of 0.59 m/s, resulting in the lowest quality of 

feed index of all treatments. For the intermediate size of punching tube 

length (450 mm) the results were opposite, with the poorest results at punch 

speed of 0.59 m/s. This behavior may be related to the dropping position 

angle of the seed meter. The results show that the synchronization between 

seed meter and punch wheels is a major factor that needs special attention 

for accurate results. At punch speed of 0.69 m/s the data not significant, so 

there are neglected in table (3).  

The synchronization between seed metering device and punch 

system: 

Quality of feed index 

Some high values for quality of feed index were observed. They were not 

directly related to punch speed and punch reciprocated radius, suggesting 

that synchronization between the seed meter device and punch systems 

has to be improved. The length of the punches, with punch reciprocated 

radius up to 55 mm, did not represent a technical limitation for the range 

of punch speeds between 0.39 and 0.69 m/s. The Effect of the interaction 

between punching speed and reciprocating radius of the punch planter on 

the seed feed index are illustrated in Table 4. 
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Table (3): The factors influence punch planter performance at tube length 

350 mm.  

Punch speed 

m/s 

Seed 

space 

Miss 

index, % 

Feed, 

Index 

Multiples 

index, % 

Precision 

index, % 

0.39 

136 6.5 86.1 7.4 9.00 

163 4.1 95.1 0.8 3.92 

194 4.9 91.8 3.3 6.90 

SD 1.22 4.55 3.33 2.51 

X' 5.17 91 3.83 6.63 

C.V 23.65 5.00 86.93 37.85 

0.49 

136 1.6 98.4 0.0 4.4 

163 6.5 88.6 4.9 7.9 

194 2.5 95.9 1.6 5.6 

SD 2.61 5.09 2.33 1.78 

X' 3.53 94.3 3.25 5.97 

C.V 73.82 5.40 71.80 29.81 

0.59 

136 8.6 88.6 2.9 2.9 

163 6.9 92.2 0.8 2.1 

194 9.8 83.3 6.9 4.9 

SD 1.46 4.48 3.10 1.44 

X' 8.43 88.03 3.53 3.30 

C.V 17.28 5.09 87.71 43.70 

It was found that the punching speed (0.39, 0.49, 0.59 and 0.69 m/s) 

affected the seed feed index at 1% (P < 0.01) significance. The 

differences between the seed feed index mean of the punching speed 

levels (χ
-1

) were significant according to the results of Duncan's test 

(Table 4). The punching speed is in inversely proportion and while the 

punching speed was increasing the value of the seed index also 

decreased. As shown in Table (4), the highest seed feed index was with 

R1 (86.08%) at punch speed of 0.39 m/s, whereas the lowest seed feed 

index was (46.21%) at punch speed of 0.69 m/s with reciprocated radius 

(R3) of 100 mm. When the seed feed index was 86.73%, 79.77% and 

74.56% for R1, R2 and R3 punch reciprocated mechanism at 0.39 m/s 

punch speed, the seed feed index reached 71.04%, 61.07% and 46.21%, 

respectively, in a punching speed of 0.59 m/s. The changing punching 

speed had a greater effect on the feed index of R3 punch reciprocated 

mechanism on the other one. 
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Table 4: The effect of punch speed on the feed index 

Punch speed, 

Ms
-1

 

Seed feed index; % 

R1 

(35mm) 

R2 

(55mm) 

R3 

(100mm) 

χ
-1

 

0.39 86.73 79.77 74.56* 80.35 

0,49 76.52 60.36 60.34* 65.74 

0.59 56.28 46.87 35.98* 46.38 

0.69 71.04 61.07 46.21* 59.44 

χ
-2

 72.65 62.08 54.27* 62.98 

   * Differences at 1% level 

 

Best results were observed for the smaller punch reciprocated radius, but 

good results were observed for both low and high punch speeds and the 

medium punch reciprocated radius. This shows that the length of the 

punches in the tested range did not affect the performance of the 

prototype. The results also indicate the necessity of improved 

synchronization between the seed meter and punch reciprocated radius. 

 

Miss index 

Each punch reciprocated radius showed a relatively uniform miss index 

among punch speeds at punch tube length of 450 mm (Fig. 2). The target 

misses index was 5.0% on each reciprocated radius, but the adjusting 

system was very limited in its miss precision. Only in the punch 

reciprocated radius of 35mm have a significant change in miss index 

between punch speed of 0.39 m/s and the other punch speeds. The 

intermediate punch reciprocated radius (55 mm) produced significant 

differences in miss index at the four punch speeds in any of the three 

punch reciprocated radius. For the largest punch reciprocated radius 

(PRR=100 mm), the seed misses index produced a significant value’s 

difference between punch speed of 0.39 m/s and 0.69 m/s. From these 

observations, the punch speed was not considered a major concern. As 

mentioned, each punch reciprocated radius had a different setup for seed 

miss control. This resulted in some average differences in seed miss 

among the three punch reciprocated radius.   
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Fig. (2): The corn seed misses index of the punch planter 

A Multiple regression type of data analysis was applied to relate the 

change in seed miss index under the effect of punch speed (PS) as 

interaction with the punch reciprocated radius (RR). The obtained 

regression equations were in the form of:   

Sm, % = 3.267 + 23.583 (PS)
2
 - 15.471 (PS) + 0.0254 (RR) + 0.017 (PS) 

. (RR) R
2
=0.969 

The above equation indicated that increasing the punch speed by one unit 

increasing the seed miss index about 1.30 times at constant punch 

reciprocated radius. 

Quality of multiple indexes (Smu %) 

The effect of punch reciprocated radius, punch speed and punch tube 

length on the seed multiple indexes are illustrated in Fig (3-a). All 

measurements of operation parameters were affected by inter-row spaces 

(S1=550 mm; S2= 450 mm and S3= 350 mm). The data analysis shows 

that punch tube length (PL, mm), punch speed, (m/s) and punch 

reciprocated radius (RR) significance affected the multiple index at 1% 

(P < 0.01). The differences between the seed multiple index means of 

punch tube length, punch speed and punch reciprocated radius (χ
-1

) were 

significant according to the results of Duncan's test (χ
-1

 = 9.57, 6.5 and 

3.1 at "PL" of 550, 450 and 350 mm respectively, 8.90, 11.03, 14.43 and 

18.73 "PS" of 0.39, 0.49, 0.59 and 0.69 m/s respectively and 13.90, 13.10 

and 11.51 "IRS" respectively). The relation in Figs (3-b and 3-c) 

indicated that the seed multiple index increased by increasing each of 
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seed inter row space and reciprocating radios. But the decreasing rate of 

multiple index as affected punch speed is more than the punch tube 

length effect and the vice versa at the increase the punch speed.A 

multiple regression type of data analysis was applied to relate the change 

in seed multiple indexes (Smu %) under the effect of punch speed (PS) as 

interaction with the punch reciprocated radius (RR), the punch tube 

length (PL) and the seed inter row spacing (IRS). The obtained 

regression equations were in the form of:  
 

Smu % = -18.8291 + 0.2693(RR) - 0.00134(RR)
2
 + 0.0476 (PL)*(RR) - 0.0002 (PL)  

                                                                                           R
2
=0.95095 at effect of (RR) 

Smu % = - 111.236 + 1.195 (IRS) + 60.495 (PS) - 0.003 (IRS)
2
 - 0.167 (PS)*(IRS)        

              R
2
 = 0.84692 at effect of (IRS) 

Smu % = 131.0672 - 0.4823 (PL) - 0.0622 (IRS) + 0.0005 (PL)
2
  

+ 0.00005 (PL)*(IRS)                                                         R
2
 = 0.99614 at effect of (PL) 

The first equation indicated that increasing the punch reciprocated radius 

(RR) by one unit increasing the multiple index about 1.29 times at 

constant punch tube length. But, the medium equation pointed out that 

increasing the punch speed one unit the multiple index increased about 

1.37 at fixed the inter row spacing, while the last equation indicated the 

same trend. 

Quality of precision index (SP,%)    

Data in Fig (4) demonstrate the effect of punch tube length, punch speed, 

and punch reciprocated radius on the amount of seed precision in 

percentages. Increasing the punching speed with constant inter-row seed 

spaces decrease the quantities of dropped seeds. Consequently, the 

percentage of seed precision is decreased until average punching speed of 

0.49 m/s after than the precision index increased. The same trend is 

found at affecting the peripheral punch speed. The data analysis shows 

that the punch tube length, punch speed, and reciprocated radius affected 

the precision index at 1% (P < 0.01) significance. The differences 

between the seed multiple index means of punch tube length, punch 

speed, and punch reciprocated radius (χ
-1

) were significant according to 

the results of Duncan's test (χ
-1

 = 11.73, 10.87 and 10.07 at "PL" of 550, 

450 and 350 mm respectively, 31.2, 22.9, 18.93 and 27.53 "PS" of 0.39, 

0.49, 0.59 and 0.69 m/s respectively and 13.90, 13.10 and 11.51 "IRS" 

respectively). 
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Fig. 3: The effect of punch tube 

length, punch speed and 

inter-row seed spaces on the 

multiple indexes  

Fig. 4: The effect of punch tube 

length, punch speed and inter-

row seed spaces on the 

precision indexes 
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A Multiple regression type of data analysis was applied to relate the 

change in seed precision index (SP,%) under the effect of punch speed 

(PS) as interaction with the punch reciprocated radius (RR), the punch 

tube length (PL) and the seed inter row spacing (IRS). The obtained 

regression equations were in the form of:   

SP,%  = 33.7157 - 0.5495(RR) + 0.00331(RR)
2
 - 0.0104 (PL)*(RR) + 0.00003 (PL)      

 R
2
 = 0.9923 

SP,% = 80.2923 + 0.1097 (IRS) - 309.3820 (PS) + 289.1667 (PS)
2
 - 0.0276 

(PS)*(IRS)      

R
2
 = 0.8681 

SP,% = 353.0642 - 0.0441 (PL) - 4.0153 (IRS) + 0.0114 (IRS)
2
 + 0.0004 (PL)*(IR)S 

 R
2
 = 0.9972 

The first equation indicated that increasing the punch reciprocated radius 

(RR) by one unit increasing the multiple index about 1.36 times at 

constant punch tube length. But, the medium equation pointed out that 

increasing the punch speed one unit the multiple index increased about 

1.15 at fixed the inter row spacing, while the last equation indicated the 

same trend. 
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 الملخص العربى

 المىاصفات والتقييم – ذفعالسراعة بال

 *أ.د. زكريا إبراهيم إسماعيل

يؽصىل ساتك  تمايا واؼذج نضساػح ؼثىب انزسج نرشتح تهاوني كىؼذج أض رًَى ُيغذى ذص

فضم اَرظاو نهثزوس. أورنك نرؽميك  ػٍ طشيك أَثىب دفغ وانرصادو نهرشتح ذفغسرخذاو َظشيح انإت

زوس ثافح انثزوس نىؼذج انًساؼح انًُضسػح ػٍ طشيك ذغيش ذثاػذ انًسافاخ تيٍ انكص انرؽكى فىذى 

يى ػٍ طشيك  699 ،8;6 ،;68يٍ  كًرغيش انثزوس ذثاػذ ذًصيم ذى انؽصىل ػهىوفي انخظ. 

، 5:: ػهي انرىانيخرشاق الإ أطىال أَثىب انرشدد نىؼذج انضساػح ترغيش طىل صساع ذغييش

ذى إخرثاس انعهاص انًمرشغ يؼًهياً فى لسى انهُذسح انضساػيح  .وَصف لطشهايى.  8:5، و9:5

(، أَصاف ألطاس PSتكهيح انضساػح ظايؼح انًُصىسج تذساسح انًرغيشاخ نكم يٍ سشػح انذفغ )

ولذ ذى . (IRSتيٍ انثزوس انًذفىػح )، انًسافح (PLطىل أَثىب انذفغ )(، RRانضساع انًرأسظػ )

تمياط كم يٍ َسثح انغياب، يؼايم َسثح  انًرغيشاخ انساتمح ذأشيش نرؽذيذ إؼصائيا انثياَاخ ذؽهيم

إَرظاو انًسافه إخرلاف يؼايم َسثح انغياب، يؼايم أكصش يٍ تزسج، يؼايم يؼذل انرغزيح نهثزوس، 

 5.89تيٍ انثزوس فى انخظ. وكاَد أفضم انُرائط انًرؽصم ػهيها ػُذ إسرخذاو سشػح دفغ 

 وَسثح يؼايم إخرلاف إَرظاو انثزوس، ٪ 6.:9 انرغزيح نهثزوس ؼيس كاٌ يؼايم يؼذل، يرش/شاَيح

وَسثح كم يٍ غياب انثزوس ويضاػفاذها نيسد فى انغانة يؼُىيح تًماسَرها تعىدج  .8.97%

 .و/ز ألم ليًح نها 5.89يؼذل انرغزيح ؼيس سعهد 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 لمنصىرة.جامعة ا –كلية السراعة  –أستار ورئيس قسم الهنذسة السراعية *


