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ABSTRACT

Strawberry is one of the most perishable agriculture plants and that it starts spoiling soon after
harvest. This research considers studding transportation problem of strawberry crop in Egypt
(between surpluses governorates and shortage governorates), by using Multi-Objective Transportation
Problem (MOTP). Also, in this research a relation is given between distance, speed, time and spoilage
percentage. Here, research uses commercially available package LINGO software to solve the MOTP
to get an optimal compromise solution.
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Introduction

Strawberry is a vegetable crop rich in vitamin C, vitamins A, B, potassium, calcium, magnesium,
iron, sulfur and phosphorus. Egypt is among the greats countries that produce strawberry.

Regarding the produced amount of strawberry crop, Egypt is considered as the fourth largest
producer in the world (Essa, 2015). It occupies a position after the United States, Turkey and Spain by
about 479 thousand tons in 2018. Egyptian Export statistics indicate that Egyptian strawberry exports
to be about 139 thousand tons in 2018 (Central Agency for public Mobilization and statistics, 2019).

It is noteworthy that the European Commission issued its decision to cancel the additional tests
on Egyptian strawberry in July 2018. This decision was applied by 10%. In light of the common
ministerial decision of the Ministry of Agriculture and Land Reclamation No. 670 of 2017 and the
Egyptian Agricultural Export Control System, this decision was made after the European Union's
confidence in the validity procedures taken by Egypt during the past period to ensure the safety of
Egypt's fresh strawberry exports (Hamdia, et al, 2019). Clearly, with the ongoing nature of the
economic crisis and dramatic free float of the Egyptian pound, the socio-economic importance of
strawberry is enhanced because, in addition to local consumption of strawberry as a fresh fruit and
juice, commercial strawberry production provides a significant source of foreign currency in Egypt.
Also, it alleviates the problem of unemployment (El-Shemy, 2013). Strawberries are highly perishable
fruits due to their extreme tenderness, vulnerability to mechanical damage, high level of respiration
and their susceptibility to fungal spoilage (Maxie et al., 1959; Dennis, 1978) Fresh strawberries,
therefore, have a very limited post-harvest life and cannot be stored except briefly (Dennis and
Mountford, 1975).

The most important and successful applications in the optimization, refers to Transportation
Problem, where the objective is to minimize the cost, distance, time.... etc. The problem of
transporting is how the production is transported efficiently from the different sources from
production governorates to the different destinations & consumption governorates (Milan et al.,
2006). In strawberry farming, small-scale farmers do not find an affordable income in export market
since packing charges are high for too far distance. In order to get rid of this situation, this research of
strawberry transports to particular distance within time has been attempted. This research describes a
solution technique for Transportation Problems with multiple objective functions. Also, there are
several other problems also must be considered, like speed and spoilage percentage. Spoilage depends
on distance along with prevention which works well for short term preservation.

Based on the information gathered related to this problem, spoilage percentage is collected from
farm visits. In most of our production centers, controlling of spoilage is quite essential to obtain the
profits of strawberry from shooting up unduly.
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Methodology:

Many transportation problems are not single-objective, in real world situations. Here we consider
the transportation problems which are characterized by multiple objective functions. The general
mathematical model of a multi-objective optimization problem is:

Subject to:

min Z,(x) = (z, (), 200,02 (6)), & = (xpxnxy)

Subject to:

u{x} =0 i=12...m o . .

plx) =0, i=12 ... m} (MOTP with inequality constraints)

wi;lx) =0, i=1.2.. (MOTP with equality constraints)

Where, %1+ %200+ Zr are the objective functions

Where, S TN are decision variables and X is the decision vector

Model formulation:
The mathematical model of multi-objective transportation problem can be stated as follows.

1. minimize Z, = X%, X"_,d;ix;;
=l ~j= Iy
2. minimize Z, = X, X0, ti:x;;

. ok 7 28 an | .
Si=lap=l Mt

minimize Z; = X%, X", si:x;;

Mzl ==l

X% =a;, i=12...m
Subject to the constraints: "
! Tityxg; =bj. j=12 n
Where: Xy the allocation from source 1 to destination . P2 0 forall j, : 4
jand ’

d'; B the distance from source 1 to destination j in kilometer.

b the travelling time from source i to destination j in hours

Sij _ the percent spoilage from source i to destination j.

Q: the commodity available on source 1,2 and 3

b the commodity required on demand at 1,2 and 3.

Si(i=1,2,3,4,5) the 5 sources where strawberry are available.

Di(i=1,2,....D22) the 22 destination where strawberry are required.

Data analysis:

There are different suppliers (5) and (22) destinations; the problem is to minimize total distance,
time and spoilage percentage. In order to demonstrate the problem discussed above, the distance of
transporting strawberry from i source to j* destination given in table (1). Table (1) shows that,
minimum distance between production governorates (i) and consumption governorates (j) reaches
about 6118 Km and by assuming the cost of transportation for every strawberry ton is one LE /Km,
the total transportation cost for demand quantity (the minimum quantity) reaches about (25.2448
million LE).
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Table 1: Distance matrix —balance (Km)

Origin( i) *Destination (j)

From /to 1 2 3 4 5 6 7 8 9 10 11 12
Alexandria 180 243 289 193 169 111 122 122 240 246 202 326
Sharqia 89 64 159 69 52 8 67 72 323 206 181 310
Qalyubia 52 130 134 124 98 94 63 37 258 159 119 236
Beheira 100 55 73 102 97 139 121 122 359 207 209 307

Ismailia 152 187 242 140 115 64 66 68 354 239 167 287
Demand 1717 1349 1311 2694 11126 605 853 4166 1535 568 6475 989
From /to 13 14 15 16 17 18 19 20 21 22 D supply
Alexandria 437 522 599 815 637 817 748 350 378 458 0 138906
Sharqia 403 452 517 790 @ 567 712 817 527 189 333 0 10203
Qalyubia 346 416 486 714 537 692 760 469 231 305 0 34756
Beheira 385 432 491 767 577 672 842 574 135 231 0 20233
Ismailia 418 495 576 827 642 783 769 403 321 405 0 4316
Demand 7890 8941 5696 2833 2250 648 434 766 811 184 5

Source: collected from google map.

* Destination: 1= Cairo, 2= port said, 3 =Suez, 4=Damietta, 5=Dakahlia, 6=Kafr el sheikh ,7= Gharbia,8= Monufia,
9=Giza,10=Beni suef ,11=Faiyum ,12=Minya ,13=Asyut ,14=Sohag,15=Qena,16=Aswan,17=Luxer,18=Red sea,19=
New valley,20= Matruh ,21=North Sinai, 22=South Sinai.

Table 2: Time matrix speed SOKm/h*

Origin( i) Destination (j)

From /to 1 2 3 4 5 6 7 8 9 10 11 12
Alexandria 3.60 4.86 5.78 3.86 3.38 222 2.44 2.44 4.80 492 4.04 6.52
Shargqia 1.78 1.28 3.18 1.38 1.04 1.70 1.34 1.44 6.46 412 3.62 6.20
Qalyubia 1.04 2.60 2.68 2.48 1.96 1.88 1.26 0.74 5.16 3.18 238 4.72
Beheira 2 1.10 1.46 2.04 1.94 2.78 2.42 2.44 7.18 414 4.8 6.14
Ismailia 3.04 3.74 4.84 2.80 2.30 1.28 1.32 1.36 7.08 478 334 5.74
Demand 17171 1349 1311 2694 11126 6052 8529 4166 15351 5677 6475 9895
From /to 13 14 15 16 17 18 19 20 21 22 supply
Alexandria 8.74 1044 1198 1630 12.74 1634 14.96 7 7.56 9.16 138906
Shargqia 8.06 9.04 1034 1580 1134 1424 1634 10.54 3.78 6.66 10203
Qalyubia 6.92 8.32 9.72 1428 10.74 1384 1520 938 4.62 6.10 34756
Beheira 7.70 8.64 9.82 1534 11.54 1344 16.84 1148 2.70 4.62 20233
Ismailia 8.36 9.90 11.52 1654 12.84 15.66 15.38 8.06 6.42 8.10 4316
Demand 7890 8941 5696 2833 2250 648 434 766 811 184

Source: calculated by Researcher * Time = Distance / speed (50)

The optimal solution for table (2) is:

X1, 9=15351, X1, 19 =434, X 1,20 =766

X2, 1=15185, X2, 4=2694, X 2,5=11126, X 2, 6 =1736, X2, 7=8529, X 2, 8 =4166, X 2, 17=2250

X3, 1-1986, X 3,10=5677, X 3,11 —6475, X 3,12 — 9895, 2X3,13 = 7890, X 3,16 — 2833

X 4,2- 1349, Xa3 — 1311, X 4,14 —8941, X 4, 15— 5696, X4, 18 — 648, X 4,21 — 811, X4,22 — 184
X, 6=4316.

The minimum transporting time (speed 50Km/h) =
4.8+14.96+7+1.78+1.38+1.04+1.70+1.34+1.44+11.34+1.04+3.18+2.38+4.72+6.92+14.28+1.10+1.46
+8.64+9.82+13.44+2.70+4.62+1.28= 122.36 hours

Table 3: Time matrix speed 65Km/h*

Origin( i) Destination (j)

From /to 1 2 3 4 5 6 7 8 9 10 11 12
Alexandria 2.77 3.74 445 297 2.60 1.71 188 1.88 3.69 3.78 3.11 5.02
Sharqia 1.37 098 245 1.06 0.80 .31 1.03 1.11 497 3.17 278 4.77
Qalyubia 0.80 2 2.06 191 151 145 097 057 397 245 1.83 3.63
Beheira 1.54 0.85 1.12 1.57 149 2.14 186 1.88 5.52 3.18 3.22 4.72
Ismailia 2.34 288 372 215 1.77 098 1.02 1.05 545 3.68 2.57 442
Demand 17171 1349 1311 2694 11126 6052 8529 4166 15351 5677 6475 9895
From /to 13 14 15 16 17 18 19 20 21 22 supply
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Alexandria 6.72 8.03 922 1254 9.80 1257 11.51 538 582 7.05 138906
Shargqia 620 695 795 12,15 872 1095 12,57 811 291 5.12 10203
Qalyubia 532 640 748 1098 826 10.65 11.69 722 355 4.69 34756
Beheira 592 6.65 755 1180 8.88 1034 1295 883 2.08 3.55 20233
Ismailia 643 7.62 886 1272 9.88 12.05 11.83 620 494 6.23 4316
Demand 7890 8941 5696 2833 2250 @ 648 434 766 811 184

Source: calculated by Researcher * Time = Distance / speed (65)

The optimal solution for table (3) is:

X1, 9=15351, X1,19=434 , X 1,20 =766

X2, 1=15185, X2, 4=2694, X 2, 5=11126, X 2, 6 =1736, X2, 7 =8529, X 2,8 =4166 , X 2, 17=2250

X3, 1-1986, X 3,10=5677, X 3,11 =6475, X 3,12 = 9895, X3,13 = 7890, X 3,16 — 2833

X 4,2= 1349, Xa3 = 1311, X 4,14 =8941, X 4, 15= 5696, X4, 18 =648, KX 4,21 =811, X4,22 = 184
X, 6=4316.

The minimum transporting time (speed 65Km/h) =
3.69+11.51+5.38+1.37+1.06+0.80+1.31+1.03+1.11+8.72+0.80+2.45+1.83+3.63+5.32+10.98+0.85+1
12+6.65+7.55+10.34+2.08+3.55+0.98=104.43 hours

Table 4: Time matrix speed 80Km/h*

Origin (i) Destination (j)

From /to 1 2 3 4 5 6 7 8 9 10 11 12
Alexandria 2.25 3.04  3.61 2.41 2.11 1.39 1.53 1.53 3 3.08 2.3 4.08
Sharqia 1.11 0.80 1.99 0.86 0.65 1.06 0.84 0.90 4.04 258 2.26 3.88
Qalyubia 0.65 1.63 1.68 1.55 1.23 1.18 0.79 0.46 3.23 1.99 1.49 2.95
Beheira 1.25 0.69 0.91 1.28 1.21 1.74 1.51 1.53 4.49 259 2.6l 3.84
Ismailia 1.90 2.34 3.03 1.75 1.44 0.80 0.83 0.83 4.43 299  2.09 3.59
Demand 17171 1349 1311 2694 11126 6052 8529 4166 15351 5677 6475 9895
From /to 13 14 15 16 17 18 19 20 21 22 supply
Alexandria  5.46 6.53 749 1019 796 1021 935 438 4.73 5.73 138906
Sharqia 5.04 5.65 6.46  9.88 7.09 890 1021  6.59 236 4.16 10203
Qalyubia 4.33 5.20 6.08 8.93 6.71 8.65 9.50 5.86 2.89 3.81 34756
Beheira 4.81 5.40 6.14 9.59 7.21 8.40 10.53 7.18 1.69 2.89 20233
Ismailia 5.23 6.19 7.20 10.34 8.03 9.79 9.61 5.04 4.01 5.06 4316
Demand 7890 8941 5696 2833 2250 648 434 766 811 184

Source: calculated by Researcher * Time = Distance / speed (80)

The optimal solution for table (4) is:

X1, 9=15351, X1, 19 =434, X 1,20 =766

X2, 1-15185, X2,4-2694, X 2,5-11126, X 2, 6=1736 , X2, 7 -8529, X 2,8 =4166, X 2, 17 =2250

X3, 11986, X 3,10=5677, X 3,11 =6475, X 3,12 = 9895, X3,13 =7890, X 3,16 = 2833

X4, 2= 1349, Xa3 = 1311, X 4,14 =8941, X 4, 15= 5696, X4, 18 =648, X 4,21 =811, X4,22 = 184

Xs, 6-4316

The minimum transporting time (speed 80Km/h) =

3+9.35+4.38+1.11+0.86+0.65+
1.06+0.84+0.90+7.09+0.65+1.99+1.49+2.95+4.33+8.93+0.69+0.91+5.40+6.14+8.40+1.69+2.89+0.8
0 =76.5 hours

Table 5: percent spoilage matrix speed S0Km/h*

Origin( i) Destination (j)

From /to 1 2 3 4 5 6 7 8 9 10 11 12
Alexandria 2.4 324 385 257 225 148 1.63 163 32 3.28 2.69 4.35
Sharqia 1.19 0.85 212 092 0.69 .13 0.89 096 43I 275 2.4l 4.13
Qalyubia 0.69 .73  1.79 1.65 131 1.25 084 049 3.44 2,12 159 3.15
Beheira 1.33 073 097 136 1.29 1.85 1.61 1.63 479 276 279 4.09
Ismailia 2.03 249 332 187 1.53 0.85 088 091 4.72 3.19 223 3.83
Demand 17171 1349 1311 2694 11126 6052 8529 4166 15351 5677 6475 9895
From /to 13 14 15 16 17 18 19 20 21 22 supply
Alexandria 583 696 799 1087 849 10.89 997 467 504 6.11 138906
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Sharqia 537 6.03 6.89 1053 756 949 1089 7.03 252 444 10203
Qalyubia 461 555 648 952 7.6 923 10.13 625 3.08 4.07 34756
Beheira 513 576 655 1023  7.69 896 11.23 7.65 1.8 3.08 20233
Ismailia 5.57 6.6 7.68 11.03 856 1044 10.25 537 428 54 4316

Demand 7890 8941 5696 2833 2250 648 434 766 811 184

Source: calculated by researcher according to distance and time

The optimal solution for table (5) is:

X1, 9=15351, X1, 19 =434, X 1,20 =766

X2, 1=15185, X2,4=2694, X 2,5=11126, X 2, 6 =1736, X2, 7=8529, X 2, 8 =4166, X 2, 17 =2250
X3,1-1986, X 3,10=5677, X 3,11 =6475, X 3,12 = 9895, X3,13 = 7890 , X 3,16 — 2833

X 4,2- 1349, Xa3 1311, X 4,14 8941, X 4, 15— 5696, X4, 18 —648, X 4,21 =811, X4,22 — 184
Xs, 6=4316

The minimum spoilage at speed SOKm/h =
3.249.97+4.67+1.19+0.92+0.69+1.13+0.89+0.96+7.56+0.69+2.12+1.59+3.15+4.61+9.52+0.73+0.97
+5.76+6.55+8.96+1.80+3.08+0.85=81.56/24=3.4%

Table 6: percent spoilage matrix speed 65Km/h*

Origin (i) Destination (j)

From /to 1 2 3 4 5 6 7 8 9 10 11 12
Alexandria 1.6 216 257 1.72 1.5 0.99 1.08 1.08 213 219 18 2.9
Sharqia 0.79 0.57 1.41 0.61 046 0.76 0.6 0.64 2.87 1.83 1.61 2.76

Qalyubia 0.46 .16 1.19 1.15 0.87 0.84 056 033 229 141 1.06 2.1

Beheira 0.89 049 065 091 0.86 1.24 1.08 1.08 3.19 1.84 1.86 2.73
Ismailia 1.35 1.6 215 124 1.02 0.57 059 0.6 3.15 2,12 148 2.55
Demand 17171 1349 1311 2694 11126 6052 8529 4166 15351 5677 6475 9895

From /to 13 14 15 16 17 18 19 20 21 22 supply
Alexandria 3.88 4.64 532 724 566 726 6.65 311 336 4.07 138906
Sharqia 358 402 46 7.02 504 633 726 468 168 296 10203
Qalyubia 3.08 37 432 635 477 615 6.76 417 205 271 34756
Beheira 342 384 436 682 513 597 748 5.1 1.2 2.05 20233
Ismailia 3.72 44 512 735 571 696 684 358 285 306 4316

Demand 7890 8941 5696 2833 2250 648 434 766 811 184

Source: calculated by researcher according to distance and time

The optimal solution for table (6) is:

X1, 9=15351, X1,19=434 , X 1,20 =766

X2, 1-15185, X2,4-2694, X 2,5-11126, X 2, 61736 , X2, 7-8529, X 2,8 4166, X 2, 17 =2250
X3,1=1986, X 3,10=5677, X 3,11 =6475 , X 3,12 = 9895, X3,13 = 7890, X 3,16 = 2833

X 4,2= 1349, Xa3 = 1311, X 4,14 =8941, X 4,15 = 5696, X4, 18 =648, X 4,21 =811, X4,22 = 184
Xs, 6-4316

The minimum spoilage at speed65Km/h=
2.13+6.65+3.11+0.79+0.61+0.46+0.76+0.60+0.64+5.04+0.46+1.41+1.06+2.10+3.08+6.35+0.49+0.6
543.84+4.36+5.97+1.20+2.05+0.57=54.38/24=2.26%

Table 7: percent spoilage matrix speed 80Km/h*

Origin( i) Destination (j)

From /to 1 2 3 4 5 6 7 8 9 10 11 12
Alexandria 1.2 .62 193 129 1.13 074 081 081 1.6 1.64 135 2.17
Sharqia 0.59 043 1.06 046 035 0.57 045 048 2.5 1.37  1.21 2.07
Qalyubia 0.35 0.87 089 0.83 0.65 0.63 042 025 1.72 1.06 0.79 1.57
Beheira 0.76 037 049 0.68 0.65 093 081 081 239 1.38 1.39 2.05
Ismailia 1.01 1.25 1.61 093 0.77 043 044 045 236 1.59 1.11 1.91
Demand 17171 1349 1311 2694 11126 6052 8529 4166 15351 5677 6475 9895
From /to 13 14 15 16 17 18 19 20 21 22 supply
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Alexandria 291 348 399 543 425 545 499 233 252 3.05 138906
Sharqia 269 301 345 527 378 475 545 315 126 222 10203
Qalyubia 231 277 324 476 358 461 507 313 154 203 34756
Beheira 257 288 327 511 385 448 561 3.83 0.9 1.54 20233
Ismailia 2.79 33 384 551 428 522 513 269 214 27 4316

Demand 7890 8941 5696 2833 2250 648 434 766 811 184

Source: calculated by researcher according to distance and time.

The optimal solution for table (7) is:

X1, 9=15351, X1, 19 =434, X 1,20 =766

X2, 1=15185, X2, 4=2694, X 2, 5=11126, X 2, 6 =1736, X2, 7=8529 , X 2,8 =4166, X 2, 17=2250

X3, 1-1986, X 3,10=5677, X 3,11 =6475, X 3,12 = 9895, X3,13 = 7890, X 3,16 — 2833

X4, 2= 1349, Xa3 = 1311, X 4,14 =8941, X 4, 15= 5696, X4, 18 =648, X 4,21 =811, X4,22 = 184
Xs, 6=4316

The minimum spoilage at speed 80Km/h
=1.60+4.99+2.33+0.59+0.46+0.35+0.57+0.45+0.48+3.78+0.35+1.06+0.79+1.57+2.31+4.760.37+0.4
9+2.88+3.27+4.48+0.90+1.54+0.43=40.8/24=1.7%

Results and Discussions

The results shows through LINGO software for MOTP’s for minimization of distance, time and

spoilage cost.

The minimum distance = 6118Km

The total cost of transportation for total strawberry = 25.244 million LE
The minimum transportation time with speed 50 Km/h is 122.33 h

The minimum transportation time with speed 65Km/h is 104.43 h

The minimum transportation time with speed 80Km/h is 76.5 h.

Also, the minimum spoilage with speed 50 Km/h is 3.4%

The minimum spoilage with speed 65Km/h is 2.2%

The minimum spoilage with speed 80Km/h is and speed is 1.7%

From the results, it observes that, if the distance increases the spoilage also increases and if the
distance decreases therefore spoilage also decreases. Hence (distance a spoilage), that is distance and
spoilage are directly proportional to each other.

Also, to minimize total time one must drive at maximum speed. Hence if speed increases then
spoilage decreases (time al/spoilage)

Reference

Central Agency for public Mobilization and statistics, 2019.

Dennis, C., 1978. Post-harvest spoilage of strawberries. ARC Res. Rev. 4: 38-4.

Dennis, C., and J. Mountford, 1975. The fungal flora of soft fruits in relation to storage and spoilage.
Ann. Applied Biol.; 79: 141-147.

El-Shemy, A.A., 2013. Cultivation and production of strawberry. Tech. issue no. 9/2013, General
Directorate of Agricultural Culture, Egyptian Ministry of agriculture, Giza, 135 p. (Translated).

Essa, T.A.A, 2015. Response of some commercial strawberry cultivars to infection by wilt diseases in
Egypt and their control with fungicides. Egypt J Phytopathology 43(1-2):113—127.

Hamdia, M. Moussa, et. al., 2019. An Economic Study of the Egyptian Exports of Strawberry Crop,
Middle East Journal of Agriculture Research, 8 (2):438-444.

Maxie, E.G. et al., 1959. Studies on strawberry quality. Calif. Agr. 13: 11-16.

Milan, E.L., et al., 2006. Sugar cane transportation in Cuba, a case study. European Journal of
Operational Research, 174(1): 374-386.

1324





