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Introduction

The world today is facing the issue of population growth, which will result in food shortages. One way to
supply food to this growing population is to facilitate the production of agricultural products to meet the growing
demand. Medicinal plants are an important product of the agricultural sector. In Iran, manual harvesting reduces
the productivity of these crops, and the use of manual harvesting poses challenges related to available
manpower. The costs and time required for manual harvesting are additional obstacles. Given the importance of
developing medicinal plants, designing and constructing a mechanized machine for harvesting them could
improve the harvesting process.

Material and Methods

In designing the machine for harvesting medicinal plants in cultivation rows, different scenarios were
examined regarding the position of the machine relative to the tractor. The advantages and disadvantages of each
scenario were listed separately, and finally, the continuous placement of tractors, harvesters, and trailers was
defined. One of the goals of designing this machine is to perform harvesting operations for two row spacing’s -
80 and 160 cm. To achieve this goal, mechanisms were added to the machine that allow for changing the
position of the harvesting head, as well as the cutting height. Moreover, due to the sensitivity of the harvested
product to soil contact, the plants should be transferred immediately after cutting. Therefore, a transfer
mechanism was designed and built to move the cut products to the trailer. Independent variables, including
forward speed at two levels, type of reel in two types, and cutting blade in two types, were considered.
Dependent variables also included harvesting efficiency, percentage of damaged plants, and harvesting capacity.

Results and Discussion

The results of variance analysis for different treatments show that the forward speed, type of reel, and cutting
blade type have an effect on harvest efficiency. The difference in harvest efficiency is significant at a 1%
probability level. A star cutting blade provides higher efficiency than a 40-teeth cutting blade. The rubber reel
prevents plants from falling to the ground by creating a closed space in front of the blade. However, the inner
parts of the rods reel are empty, and the plant can fall to the ground. Additionally, the plant may get wrapped
around the rods, causing a decrease in harvesting efficiency. Another essential parameter when identifying and
evaluating a harvesting machine is crop damage. Some plants get crushed and torn due to the impact on metal
components. This situation reduces the quality of the harvested product, leading to a decline in the final product's
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price. The star-cutting blade causes more leaf rupture. In contrast, the teeth in the 40-teeth blade are continuous,
making it unlikely for the leaf to get caught between the two teeth. However, with the star blade, the distance
between the two blades is large, allowing the plant to get stuck in between and re-cut.

Conclusion

Based on tests conducted for eight different positions of the harvester, it was observed that the G test
outperformed the other tests with 85.88% harvesting efficiency, a capacity of 344.8 kg h™, and only 1.34%
peppermint leaf damage. Therefore, for harvesting similar peppermint products, we recommend using a
combination of a star blade, rubber carousel, and a forward speed of 1.2 meters per second. However, new tests
should be conducted on other products like lavender and those with strong stems.
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Fig.3. Position of tractor, harvester and trailer in 160 cm .
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Table 1- Features of two types of reels that was designed and built

WeAAC Y CAROCU 1 CTCoAd 1
Features Rods Reel Rubber Reel

3 ~ 7

Ha0e 26 32
Diameters

PR

! . 7Y 22 22
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avwu~*AoCu tve

4 4
Number of rgd/pla_te
- 3 - * s ~ 7 3 ~ ~
a Ao Cu ¢ %Ch 90 90
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a¥%~*AdCu Ap« 1 dAa i CaAd
_Material of bod/plate Steel Rubber
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The height of the reel relative to the blade
AaCE §y 16a vV U 3 3
Longitudinal distance between the reel and the blade
7 1 . 1 Z, 3
Cyv ¥y ¢ Y %A 120 120

Angular velocity

Ci CoAd (3 6AEY pv CABCU (0BT B p¥%
Fig.8. Rubber reel Fig.7. Rods reel
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Fig.9. Schematic of transmission mechanism with 7 rubbers
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Table 2- Combination of tests related to the harvester

act GAu¢j C3%z Aioa ¢y %EC~ CY%UEC~ Az 164
Row Tests name Cutter blade Reel Forward speed (m.s™)

1 A T D 1.2 1.30

2 B T D 1.8 0.87

3 C T R 1.2 1.60

4 D T R 1.8 1.06

5 E S D 1.2 1.30

6 F S D 1.8 0.87

7 G S R 12 1.60

8 H S R 1.8 1.06
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Table 3- Variance analysis of harvesting efficiency in medicinal plant harvester
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Table 4- Mean comparisons of treatments

AU ¢ | - #"$ uCoy ay ¥%n
Test name Means amount (%) Group

G 84.51 a

H 79.804 ab

E 76.667 bc

F 72.255 bed

C 71.569 cd

D 67.157 de

A 61.176 e

B 51.765 f
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Fig.12. Harvesting efficiency in various situations of harvester
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Table 5- Variance analysis of capacity
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Table 6- Mean comparisons of treatments
0Au¢j] UCoywCl ay ¥
Testname  Means amount (s)  Group

A 249.6 a
C 292 ab
E 312.8 b
B 316.8 b
G 344.8 bc
D 411 cd
F 442.2 d
H 488.4 d
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Fig.13. Capacity in various situations of harvester
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Table 7- Variance analysis of leaf damage in medicinal plant harvester
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Fig.14. Leaf damage in various situations of harvester
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Table 8- Mean comparisons of treatments
0Au¢j] UCoywCl ay ¥
Test name  Means amount (s)  Group
F 2.45 a
H 1.97 ab
E 1.54 bc
B 152 bc
G 1.27 cd
A 0.96 cd
D 0.65 d
C 0.63 d
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