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Table 1- Analysis of variance (mean square) effect truck, vehicle floor height, situation and location of fruit in the
boxes on the absorption energy in highway road asphalt

Source df Mean square
Oy e Sl Ol olile VA
oseelS T 1 1.084x10” 55.090”
glas,)| H 2 2.088x10” 106.095™
de> Cunge S 1 1.976x10” 100.362"
sl J=e LOC 1 1.406x10® 7.141"
HxT 2 6.495x10°° 3.299"
SXT 1 7.993%x10°° 4.061"
LocxT 1 3.280x10 16.664™
SxH 2 8.147x10° 4.139"
LocxH 2 5.900x10° .300™
LocxS 1 8.292x101° 421
SX H xT 2 3.711x10° 1.885™
Locx H xT 2 2.204x10°° 1.120™
Locx S XT 1 .000 .000™
Locx S xH 2 2.141x10° 1.088"™
Locx Sx H xT 2 .000 .000"
s Error 48 1.968x10°°
Js Total 72
CV. %16.5

S xe NS 3929 pae NS o3 D g 1 Jlessl pdaws )3 jlo sme BMB] 3939 s oy * g **
** * Significant at 1%, 5% of probability levels respectively and n’s there is not a significant difference

)52 il o3l 53 0 i (51 Ao > 1 S i gl >l a5 s Wlite 51 (o dulie =2 g

Table 2- Comparisons mean the vehicle suspension, height from floor box on the percentage of absorption energy in
highway road asphalt

(Height) JiS 51 s (5545 1,5 £lds (Truck) Galss aiamse

Hs H» Hi
248.14 b 209.23 ¢ 173.76 d Ty
295.85a 253.47b 192.76 cd T,

Amd e i 1y (S 905l bawg o )3 5 Jlais! grdaw 3 by Sileo w iglds pae Sl S o by >
Joint letter no significant difference at the 5% level by Duncan's test shows
2 oad ol (5551 03 1 019l (190 4 56518 Cuge 13 (L920l8) el e Blie I (ke duglio =3 Jgua
ol)gf)}g Al obl?

Table 3- Comparisons mean of the vehicle suspension (truck), situation inside the truck on percentage
absorption energy in highway road asphalt

(Truck) e asmw

(Situation) ama (g 5 )15 Cuxdgo

T T
227.42b  180.42¢ o
267.28a 240.38ab S,

Amd e i 1y oSb geil b ao > D Jlaas! paws )3 by Sl o gl pie (Sl S yidia g y>
Joint letter no significant difference at the 5% level by Duncan's test shows
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Table 4- Comparisons mean interaction of trucks on the situation of fruit on the percentage of absorption energy in

highway road asphalt
(K] T 5 (Location) s 0 3 5515 o
2 1
230.52b 213.90b Loc,
264.19a 206.90b Loc,

Amd e L |y (S 905l bawgs o )3 B Jlais] prdaw 3 by Sileo w iglds pae Sl S o by >
Joint letter no significant difference at the 5% level by Duncan's test shows

il ool 5 0k il (551 20y3 1 (5358 Cambgo )3 (igmelS Sl A (5,8 Eliyl blite B uSike dualie =5 Jgu
o) S5
Table 5- Mean comparisons of the height from the floor box of the vehicle in the situation box (on the front axle or
rear) on the percentage of absorption energy in highway road asphalt

(Height) JiS j1 aes (5,513 £lis)|

Hs H; Hi (Situation) (ygels ¢y, A (525,18 Cunnige
273.76 bc  21457cd 159.42¢ S;
306.23 a 248.14b  207.09d S,

Amd e L |y (S 905l bawgs o )3 B Jlais] grdaw 3 by Sileo w iglés pae Sl S jitio gy
Joint letter no significant difference at the 5% level by Duncan's test shows
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Fig. 3. The absorbed energy into air suspension (A) and spring suspension (B) in three heights and two different
Situation on highway road asphalt
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Table 6- Analysis of variance of the truck, the truck floor height, situation and location of fruit in boxes into the
truck on the absorption energy in secondary road asphalt

Source df Mean Square
Clpekd e @l any  Oluge ufile VA
s T 1 1.598x10°® 1307.183"
glas,| H 2 5.517x107 451.313"
dax Cunge S 1 1.536x10°® 12.565™
653 = LOC 1 2.418x10°® 19.783™
HxT 2 9.948x10°8 81.380"
SXT 1 1.158x10° 9.475™
LocxT 1 3.881x101° 317"
SxH 2 3.485x10° 28.508™
LocxH 2 1.647x10°8 13.471™
LocxS 1 5.573x101° 456™
SX H xT 2 4.501x101° .368™
Locx H xT 2 6.986x10°° 5.715™
Locx S XT 1 2.632x10%° 2.153"™
Locx S xH 2 6.639x10°° 5.431"
Locx Sx H xT 2 1.663x10°° 1.360"™
L Error 48 1.222x10°°
Js Total 72
CV. %24.3

M sime BMB] dgng pae NS o )3 0 g 1 Jlais] pans 3 l5 dme OMiS] 3929 o it * 9 **
** * Significant at 1%, 5% of probability levels respectively and n’s there is not a significant difference
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S92 03905 Cdlyyd (Kb ool duoyd 1718 (iS I lis)) o YL
9, (1993) Xu 4 Singh 4slke ,> (O'Brien et al., 1969)
U551 9 (190olS” BaleS i (655554 £95 41 s s (KBS
r2ly p i )55 203 80 b sl (a0 (yguelS S ) auns
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Table 7- Comparisons mean of the vehicle suspension, box height from floor and location of boxes of the fruit in a
box on the percentage of absorption energy in secondary road asphalt
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Table 8- Comparisons mean of the box height from the floor of the vehicle, situation on the truck (on the front
and rear axles) and the location of fruit in the box on the percentage of absorption energy in secondary road
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Fig. 4. The absorbed energy (j) into air suspension (A) and spring suspension (B) in three heights and two different
situation in secondary road asphalt
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Introduction

The most important post-harvest mechanical damage is bruising. Bruising occurs during the stages of
handling, transporting and packaging due to quasi-static and dynamic loads. Vibrations of tomato fruits during
transportation by truck will decrease their quality. More than 2.5 million tons damages have been reported
during tomato transportation in Iran. Therefore, it is necessary to recognize different parameters of damages
during road transportation in order to detect and prevent bruising injury.

Materials and Methods

In this study, healthy Super Queen verity of tomatoes devoid of any corrosion and mechanical damage
multipliers were used. Aaverage of 7 and 5 pieces of fruit in each length and width, respectively in 13*25*37 cm
boxes with a capacity of 8 kg were arranged. The boxes were divided into 2 types of truck suspension (model
M2631 AIMCO, manufactured in 2010 with air suspension and Nissan trucks 2400, manufactured in 2010 with
suspension spring). Boxes were established in three different heights truck, floor truck, height of middle and top
of truck, in addition to two different situation boxes on the front axle (S1) and rear axle (S2). In each situation,
three levels of height (H1), floor truck, the truck (H2) and the truck (H3) there. The location of each sample
inside the fruit boxes bottom row (Locl) and top (Loc2) boxes marked with marker. In this study, two types of
road, highway asphalt and asphalt secondary road was used for transportation. Trucks and vans had the same
distance route about 400 km. Fruits were transferred to Hamadan agricultural college. Rheology lab test was a hit
with the pendulum. In this study, the amount of energy absorbed from the index (as a parameter to determine the
sensitivity) and the fruits bruises were used. Hit test was done after transportation of fruits and transferring those
to the laboratory in less than 2 hours. Impact energy products were considered higher than the dynamic
submission, dynamic submission to the multiple ways in constant height (CHMI) were determined on the control
fruits, impact energy yield limit dynamic range (0.0012) was Jules.

Results and Discussion

Analysis of variance showed that the main factors including truck, boxes of floor height, box situation on the
front and rear axles of the vehicle as well as the location of the fruit (the top and bottom of the box) has a
significant effect on energy absorption. There are also some double and triple interactions energy absorbed as a
factor of bruising damage in the pendulum test was significant at the 5% possibility level. Means comparison
showed that the effect of the truck in height. By increasing the height from the floor of the vehicle, bruising
injury increased significantly. The results showed that the fruits which transported with air suspension are
healthier than those with truck suspension spring. The maximum amount of absorption energy at third height
(H3) spring suspension system (T2) and rear axle (S2) with the amount respectively 491.11 and 488.59 percent
increase (compared with control fruit) belong the top row fruits and bottom row fruits inside the box (in
secondary asphalt), and maximum resistance bruising in the first height (H1) air suspension system (T1) and
front situation (S1) with 180.42 percent increase was observed to control fruits (in highway asphalt).

The overall results show that fruit damages are low during transportation with the front axle vehicle. The
results also showed that asphalt road highway and truck with air suspension system, Groups of maximum and
minimum absorbed energy was more logical than truck suspension spring.
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