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Abstract. Postharvest losses of tomato (Solanum lycopersicom L. cv. “GS12”) and eggplant (Solanum melongena cv. “Black Beauty”) grown in open field in the Jordan Valley and Uplands were determined at farm, transport, wholesale, and retail levels. The percentages of postharvest losses were measured quantitatively at three study sites at each level and were repeated three times in each growing area. The magnitude of postharvest losses for tomatoes were 19.4 % and 16.2% and for eggplants 18% and 17.3%, in the Jordan Valley and Uplands, respectively.  Postharvest losses observed for tomatoes and eggplants in both growing areas were due mainly to mishandling of the produce and to inappropriate manipulation of the environmental conditions surrounding the produce. In light of the results obtained, some recommendations were proposed for the reduction of postharvest losses.

Introduction

Jordan produces a wide variety of horticultural crops around the year. Such an advantage is created by the combination of climate, soil, and topography of growing areas, namely the Jordan valley and the Uplands. Total area grown with tomatoes in 1999 was 3826.45 ha, producing 134729.1 tons with an average production rate of 35.0 tons per ha [1, p 75]. While, eggplants occupied 1624.9 ha, and produced 43547.32 tons with an average production rate at 26.8 tons per ha [1, p 75].

Tomato and eggplant are considered as fleshy fruit vegetables, although differ in their physiological characteristics from postharvest point of view. Tomato fruit, harvested mature, is a typical climacteric fruit, undergoes different metabolic changes associated with ripening in coordination with a climacteric rise in respiration, which marks the transition stage in the fruit development between maturation and senescence [2] . When harvested at the mature green stage, the fruit continues to develop and ripen similar to having been left on the plant [3, p 24]. On the other hand, eggplant, harvested immature, is a non-climacteric fruit that does not undergo the metabolic changes 

exhibited by tomatoes.

As most developing countries, Jordan is suffering a great deal from postharvest food loss.  Both quantitative and qualitative food losses of extremely variable magnitude occur at all stages in the post-harvest system from harvesting, through handling, storage, processing and marketing to final delivery to the consumer. Although the subject of food losses had been mentioned in many conferences, it was not until the 1974 World Food Conference and the 7th Special Session of the UN General Assembly that special attention was given to it. In response, the 1977 FAO Conference approved the establishment of a Special Action Programme for the Prevention of Food Losses [4].

Due to the fact that losses vary greatly by crop, country, and climatic region, little solid information is available on the precise amount and nature of food losses. The United States National Academy of Sciences (NAS) estimates stated that losses in perishable crops are practically impossible to quantify, except for a particular crop and local situation, however, the average minimum loss reported for fruits and vegetables was 21% [4]. Estimates of production losses in developing countries are hard to judge, but some authorities put losses of some crops, including tomatoes, to half of what is grown [4].

Our current national efforts for food loss estimation and reduction are not adequate. Published information about postharvest losses in fresh vegetables and means for their reduction are absent in Jordan.

The objectives of this study were: to assess postharvest losses in tomatoes and eggplants grown in open fields in the Jordan Valley and the Uplands; to identify causes of these losses; and to propose means for reduction of postharvest losses.

Materials and Methods

Plant Materials: Tomato (Solanum lycopersicom L. cv. “GS12”) and eggplant (Solanum melongena cv. “Black Beauty”) fruits grown in the open field in the Jordan Valley (North and mid-valley) and in the Uplands (Al-Mafraq area) were subjected to this postharvest loss study. This study was carried out during October to July in the Jordan Valley (the minimum and maximum air temperatures were between 12.1 and 36.3 oC), and during March to December in the Uplands (the minimum and maximum air temperatures were between 2.6 and 34.4 oC) in 1999.  Fruit samples of tomatoes and eggplants packed in polystyrene (Styrofoam) boxes (46 x 26 x 12 cm, holding 7-9 kg) were examined for postharvest losses at different levels (farm, transport, wholesale and retail markets) of the marketing chain. Fruits were handled traditionally as described below under postharvest practices for tomatoes and eggplants in Jordan.

Determination of postharvest losses: For each sample, ten boxes were taken at random at the study site. After weighing the contents of each box, unmarketable fruit (diseased, injured, immature green, very soft over mature, bruised, crushed, blemished etc.) were isolated, weighed (and returned into their box), and their percentage was calculated from the total weight of the box. The fact that postharvest losses are cumulative (i.e. increasing with the progression of postharvest handling) was taken into consideration in order to come up with the actual loss percentage at a given level. At the farm level, the percentage reported was the actual percentage of loss, since no preceding levels exist.  Each of the reported percentages thereafter, was the result of subtracting the preceding percentage(s) from the newly obtained loss value for a given level. For example: the obtained loss at the transportation level was 11.6 – 6.0 (loss at the farm level) = 5.6 (actual loss at the transport level reported in Table 1).

Table 1. Percentages of postharvest losses of tomatoes and eggplants at four  levels of postharvest handling in both growing areas

________________________________________________________________________________________
Level of




Average Loss  %

postharvest 
______________________________________________________________________

handling



Jordan valley


Uplands




___________________________________________________

Tomatoes
Eggplants

Tomatoes
           Eggplants
________________________________________________________________________________________

Farms

6.01a2

7.81a


5.6 a

7.2 a
Transport

5.6 a

6.2 a


4.1 b

4.6 b

Wholesale market
1.5 b

2.1 b


1.1 c

1.8 c

Retail Stores
6.3 a

1.9 b


5.4 a

2.7 c

________________________________________________________________________________________

Total loss

19.4

18.0


16.2

17.3

1 Represents the average of 90 boxes.

2Means within the column followed by the same letter are not significantly different at P<0.05 levels by the LSD method.
Identification of unmarketable fruit: Decay incidence (any signs of pathological infections) and Defects: Physical and physiological defects, such as blemishes, bruises, scars, green shoulders, misshape, cuts, pressure damage) were evaluated visually [5, p 53]. The unmarketable fruits at all levels were categorized into four groups (diseased, disordered, defective, and mechanically injured) and their proportions to the total post-harvest loss was calculated. The color variation, decay and defect percentage of tomato fruit were also determined at the farm level.

Experimental design: Complete Randomized Block Design was used to carry out the measurements at 4 levels of post-harvest handling; each consisted of 3 study sites in each growing area with 3 observations made for each study site at a specific stage of post-harvest handling. For each observation 10 boxes of fruits from 6 study sites at each level { farm, transport (vehicle), wholesale market (commission agent) and retail stores} were taken at random and examined. The points of examination at the different levels were as follows: After packing and prior to transport at the farm level; After transport  and prior to unloading/ at the Transport level; After auctioning and prior to loading into vehicles/ at the Wholesale level; After 2 days at the retail stores/ at the Retail level. Thus, 12 study sites x 2 growing areas x 3 observations x 10 boxes = 720 boxes were examined.

Existing post-harvest practices for tomatoes and eggplants in Jordan: Hand harvesting of tomatoes and eggplants by seasonal workers (pickers) was done at weekly intervals during the harvesting season and the harvested fruits were collected in piles in designated areas in the field for repacking. The fruits were packed in two layers (tomatoes) and one layer (eggplants) in Polystyrene boxes.

The produce was loaded in random stacking patterns into pickups for transport to local markets. In most cases, mixed vegetable loads, including tomatoes and eggplants, packed in different types of packages (polystyrene, wooden, plastic boxes) with different sizes and shapes, were transported together in the same vehicle. The produce was auctioned and sold to wholesalers, after which several repeated sales (2-5) were done until the produce was entirely sold to retailers. At some retail stores, the produce was either displayed loose on wooden stands to facilitate consumers’ purchase, or remained in the boxes. In other retail stores, the produce was divided into two categories based on its quality.

Statistical analysis: Data obtained were analyzed using Analysis of Variance (ANOVA), and the means were separated by the Least Significant Difference method at the 0.05 levels [6, p 209].
Results and Discussion

Results obtained at the farm level showed that the percentages of post-harvest losses for tomatoes were 6.0 and 5.6 in the Jordan Valley and the Uplands, respectively. The corresponding losses for eggplant were 7.8 and 7.2 (Table 1). These post-harvest losses were due to several factors related either directly or indirectly to the harvesting and handling procedures practiced. The most important reason behind that was the untrained seasonal workers (pickers). Those are usually temporary, employed by the farmers when needed, and do not understand the necessity of proper handling techniques. Since paid by the unit, pickers tend to pick as much as they can regardless of the maturity stage; thus, collection mixtures of tomato fruit at different stages of maturity ranging from green  (some immature and ripen abnormally) to the dark-red stage (over-ripe and soft, thus very sensitive to mechanical injury), were all harvested and packed in one box. This was apparent in Table ( 2) where more than 50% of the harvested fruit deviated from the red color typical to tomato fruit. However, abnormal ripening, characterized visually by lack of the typical red color of tomato fruit, of some initially immature green fruit,  was apparent in the boxes. Traditionally, tomatoes are harvested in Jordan at the red ripe stage of development, which is an advanced ripened stage.  Fruits at this stage are normally soft and very sensitive to mechanical damage and possible infection by microorganisms. While eggplants are harvested at sizes considered profitable for growers for intended purposes, no other maturity indices are used for harvesting.

Table 2. Color variation of harvested tomato fruit at the farm level
_________________________________________________________________

Farms


Color stage1 (%)

__________________________________________________________
G

B
T
P
LR
R
DR

_________________________________________________________________

J. V.2
1st
4.33
2.1
1.5
24.9
12.4
50.1
3.1

2nd
1.6
3.0
2.5
13.4
33.0
43.2
3.5

3rd
7.1
2.8
3.0
18.5
23.8
40.1
4.5

Up. 2
1st
3.3
3.2
1.4
21.1
28.1
40.1
2.1

2nd
3.7
4.1
2.8
10.4
27.1
41.7
1.7

3rd
3.2
2.9
5.1
21.4
18.8
45.0
3.9

_______________________________________________________________________________________________________________

1G (green), B (breaker), T (turning), P (pink), LR (light red), R (red), DR (dark red).
2 J.V. (Jordan Valley) and Up. (Uplands).

3Each value represents the average of 90 boxes.

High percentages of defects and diseases were recorded for the three harvests in the 6 farms (Table 3). However, some of the deterioration symptoms were not apparent at this point, but were aggravated with time progression at later stages. This was evident in Tables 3 and 4, where diseased, disordered, defected and mechanically damaged fruits were also included in the boxes. This indicates that grading, sorting or eliminating of the unwanted (unmarketable) fruit upon repacking at the farm level were impractical operations.

Table 3. Decay and defect percentages of tomato fruit at the farm level

__________________________________________________________________

Farms

Decay%


Defect%

________________________________________________________

Harvest frequency

________________________________________________________

1st
2nd
3rd
1st
2nd
3rd
__________________________________________________________________

J. V.1
1st
3.62
5.9
4.0
27.3
31.3
30.3

2nd
3.8
5.1
4.8
31.3
30.3
31.3

3rd
5.3
3.1
3.9
42.1
42.2
38.3

Up. 1
1st
5.0
4.3
6.3
23.8
27.3
30.3

2nd
6.4
5.2
6.0
41.0
37.8
48.8

3rd
3.3
4.3
3.1
33.8
42.3
41.8

___________________________________________________________________________

1 J.V. (Jordan Valley) and Up. (Uplands).

2 Each value represents the average of 90 boxes

Table 4. Proportions of the different causes of postharvest losses  of tomatoes and eggplants from the total loss at four levels of postharvest handling  tested for both growing areas

_________________________________________________________________________________________

Growing


Direct causes of postharvest losses (%)
area

_______________________________________________________________________

Diseases
Disorders

Defects
     
Mechanical damage

_________________________________________________________________________________________

Jordan Valley

Tomato

22.51

24.0

16.0

37.5

Eggplant

19.5

16.4

20.5

43.6

Uplands

Tomato

27.3

22.3

17.4 

33.0

Eggplant

21.6

22.1

16.5

39.8

1 Each value represents the average of 360 boxes.

Rough handling by the workers inflicted most damage at the farm level, resulting in the high percentages of losses. For example; dumping the fruit from heights reaching the waist of the pickers (approx. 1 m high), overfilling and forcing the fruit to fit in the available spaces within the box, inflicted compression bruising that was apparent at later stages of handling were striking evidence of improper handling. Additionally, exposure of the produce to direct sunlight in the collection areas, resulting in high temperature injury and/or heating the produce, thus accelerating its metabolism (very high respiration rate) [7, p 97], imposing further stress upon the fruit, reducing their shelf life and consequently increasing the postharvest losses. It is known that vegetable quality is most often reduced by two factors: mechanical injury; and poor temperature management [8]. Mechanical injuries include cuts, abrasions, and punctures incurred during harvest and handling operations, and bruises caused by drops or overfilled containers. These injuries provide entry points for decay organisms and reduce shelf life.

Most produce was repacked in polystyrene (styrofoam) containers, which are weak and do not allow for adequate ventilation necessary for the produce. For tomatoes, it was common practice to layer the bottom of these containers with inferior, irregular, undersized, and sometimes decayed product. On top of this layer a high quality, uniform sized, good color layer is evenly packed. On the other hand, eggplants were packed in one layer with the stem end facing downward, with 3 cm (at least ) of the fruit was above the container.

At the transportation level, post-harvest losses of 5.6% and 4.1% for tomatoes and 6.2% and 4.6% for eggplants were observed in the produce from the Jordan Valley and the Uplands, respectively (Table 1). Such losses resulted when the produce was stacked in beds of 3-6 ton trucks 6-10 package layers and transported to the market. This practice ensured that the product was resting upon itself and was supporting itself entirely throughout the column of produce. The package offered no vertical support, rather horizontal control of the load. Thus, the previously mentioned mishandling, in addition to the improper stacking in the transport vehicles, rough road network in rural areas, long distances (between 70 to 100 km) from the markets, and repeated transport to other destinations accounted for most of the post-harvest losses observed at this level.

At the wholesale market level the produce was auctioned and sold to wholesalers, after which several repeated sales were done until the produce was entirely sold to retailers. Thus, losses of 1.5 for tomatoes and 2.1 for eggplants for the produce coming from the Jordan Valley, and  1.1 and 1.8 for tomatoes and eggplants, respectively ( Table 1) can mainly be attributed to the rough handling and excessive movement during auctioning, and repeated sales within the markets, and to the exposure of the produce to direct sunlight for hours until it was sold.

Post-harvest losses at the retail level were 6.3 and 5.4 for tomatoes and 1.9 and 2.7 for eggplants for the produce coming from the Jordan Valley and the Uplands, respectively (Table 1). At the retail stores, the produce was either displayed loose on wooden stands to facilitate consumers’ purchase, or remained in the boxes. Consumers, in their efforts to choose good quality produce, examined the fruit for apparent injuries, disorders, diseases, etc., imposed some pressure to test for firmness, and the fruit that did not fit to his/her criteria was returned (or thrown) to the stand. The consumers inflicted most damage at this point. In some retail stores, the produce remained in boxes, and suffered less damage than fruit displayed in piles. In other retail stores, the produce may be divided into two categories based on its quality.

Since post-harvest losses are cumulative, thus all the previously described improper practices were the main factors for such high post-harvest losses. Additionally, rough handling by retailers and consumers contributed to further increase in the post-harvest losses. However, post-harvest losses at the wholesale and retail levels collectively for tomatoes and eggplants from both growing areas were in the range from 4.0% to 7.8% (Table 1) were still lower than estimates for produce losses during wholesale and retail handling  ranging from 9% to 16% [9]. 

Table 1 clearly demonstrate the high total post-harvest losses of the Jordan Valley tomatoes and eggplants (19.4% and 18.0 %) and the Uplands’ (16.2 % and 17.3 %). The highest loss percentage (6.3) recorded for tomatoes was at the retail level and the lowest (1.1) was at the wholesale level (Table 1). This trend was not repeated for eggplants where the highest loss percentage (7.8) was observed at the farm level, whereas, the lowest (1.8) was recorded for the wholesale level ( Table 1).

Table 4 clearly illustrates the significant proportions of post-harvest losses (37.5 % for tomatoes and 43.6 % for eggplants in the Jordan Valley; and 33.0 % for tomatoes and 39.8 % for eggplants in the Uplands), due to mechanical damage, that were recorded at all levels.

The proportions of diseased, disordered, and defected fruit collectively to the total post-harvest losses at all levels were 62.5 % in tomatoes, and 56.4 % in eggplants in the Jordan Valley; and 67.0% in tomatoes and 60.2 % in eggplants in the Uplands (Table 4).

The economical importance of the magnitude of losses of the two growing areas extends practically beyond the obtained post-harvest loss values. Costs of energy and labor, costs of materials used, costs  of reconditioning, and loss of profit are other losses that can be added to these figures. Thus, reducing post-harvest losses is far less costly means of providing more food already produced.

Conclusions 

Post-harvest losses of tomatoes and eggplants in both growing areas were attributed to various causes observed in this study that can be categorized into two main categories: Primary causes due to diseases, disorders, defects and mechanical injury; and secondary causes due to improper post-harvest handling practices such as the absence of reliable maturity indices, inadequate harvesting, packing, and handling skills, lack of suitable packaging to protect the produce, inefficient transport system, improper temperature control along the marketing chain, and rough handling. 

Some proposed measures that can be considered in order to reduce losses include: Harvesting the produce at the proper maturity stage; rough handling should be avoided during harvest and post-harvest handling to reduce the physical damage as much as possible; suitable packaging (carton, plastic or wooden boxes) should replace the polystyrene boxes and overfilling the boxes should be avoided to reduce all types of physical damage; selection and sorting for all types of unacceptable fruit is a crucial step to eliminate defected, decayed, misshapen, immature, over mature (soft) fruit that could be a potential source of infection or poor quality; transportation to the markets should be done as fast as possible in the appropriate vehicle; stacking should be secured to avoid damage due to excessive movement of the produce. Exposure of the produce to direct sunlight should be avoided at all levels of post-harvest handling.
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فاقد ما بعد الحصاد في ثمار البندورة والباذنجان المنتجة للسوق المحلي في الأردن
نجيب محمد العاصي
قسم البستنة و المحاصيل الزراعية، كلية الزراعة، الجامعة الأردنية، عمان- الأردن.
(قدم للنشر في 6/8/1423هـ ؛ قبل للنشر في 27/10/1424هـ)

ملخص البحث. أجريت هذه الدراسة لتحديد فاقد ما بعد الحصاد في ثمار البندورة صنف “GS12”   والباذنجان صنف  “Black Beauty”   المزروعة في منطقتي غور الأردن والمرتفعات لمراحل الحصاد في المزرعة والنقل والأسواق المركزية وأسواق المفرّق. تم تحديد نسبة الفاقد كمياً في ثلاثة مواقع ضمن كل مرحلة لكل منطقة إنتاج  وتم تكرار القراءات ثلاث مرات في زيارات كل أسبوعين.  لقد كانت نسبة الفاقد الكلي في ثمارالبندورة 19.4%  و الباذنجان 18%  لمنطقة غور الأردن أما  لمنطقة المرتفعات فقد كانت 16.2% و 17.3 %  لكلا المحصولين على التوالي. ويعزى سبب ارتفاع نسبة الفاقد في الأغوار و الشفا إلى سوء التداول لثمار البندورة والباذنجان وعدم توفير الظروف البيئية المناسبة في المراحل التسويقية. وقد تم اقتراح بعض التوصيات لتقليل الفاقد في كلتا المنطقتين الزراعيتين على ضوء نتائج الدراسة.
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