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ABSTRACT  
 

Arab world, particularly Egypt, suffers a growing scarcity in natural agricultural resources, mainly 
represented in land and water. Per capita share of agricultural land declined from around 0.127 acre in 1990 to 
around 0.113 acre in 2010, whereas per capita share of fresh water declined from 919 m3 to 750 m3 between the 
two years, respectively, indicating the need to devote great attention to improve the efficiency and rationalize 
the use of such vital resources. Cropping intensification is regarded as one of the means that help improve yield 
per unit area via optimum use of available resources. Such objective can be achieved by adopting intercropping, 
which is one of the cropping intensification methods. Therefore, the study aimed to assess the positive impacts 
of intercropping potatoes and taro with summer maize, the area of which represents a large percent of the 
summer planted area.  To achieve the study objectives, descriptive and quantitative statistical analysis methods 
were applied on the primary and secondary data. Primary data were collected from a sample of 50 farmers 
adopting intercropping of potatoes and taro with maize in Menoufia Governorate with the help of a 
questionnaire form that was designed to serve the study purposes. 
Main finding indicate that adopting intercropping has the following positive economic impacts: 
- Saving areas of agricultural lands estimated at: about 44.674 thousand acres that were planted with Nili 
potatoes production, and about 9.129 thousand acres that were planted with summer taro production. Saving 
such areas is expected to save 86.7 million m3 of irrigation water. 
- Utilizing the saved areas in producing key crops including sunflower and soybeans during the Nili season, 
and maize, cotton and soybean during the winter season. 
- Forecasted production of any of the above mentioned crops is expected to result in reducing Egypt's imports 
value by 14.09% for sunflower oil, 63.25% for soybeans oil, 0.22% for maize, and 22.63% for cotton. The saved 
amount is expected to reduce deficit in the commodity balances of soybeans, sunflower and maize by 9.87%, 
14.77% and 0.13%, respectively, while is expected to increase the surplus in the commodity balance of cotton 
by 0.12% in case the saved areas are cultivated with one of these commodities. 
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Introduction 
 
 Arab world, particularly Egypt, suffers a growing scarcity in natural agricultural resources, mainly 
represented in land and water. Per capita share of agricultural land declined from around 0.127 acre in 1990 to 
around 0.113 acre in 2010, whereas per capita share of fresh water declined from 919 m3 to 750 m3 between the 
two years, respectively, indicating the need to devote great attention to improve the efficiency and rationalize 
the use of such vital resources.(2) 

 In 2009, total amount of Egypt's water resources has been estimated at some 71.2 billion m3, of which the 
Nile water accounts for some 55.5 billion m3. However, efficiency of irrigation water use in agriculture has been 
estimated at as low as 50%. As regards agricultural land area, it has been estimated at some 8.6 million acre, of 
which 6.5 million acre are old lands (in the valley and the delta), whereas 2.1 million acre are new lands. 
 Intercropping, or multiple cropping, can be defined as the practice of growing two or more crops in 
proximity, i.e., growing two or more crops at the same time on the same field. Such practice may lead to 
competition between intercropped plants during the cultivation season, or a part thereof. Therefore, intercropped 
plants should be carefully selected so as to avoid the contradiction between their environmental needs and that 
of the main crop. Moreover, the harmony between agricultural practices is considered one of the most important 
conditions of intercropping in order to achieve the cropping advantage per unit area. (2) 

 
Study Problem: 
 
 The issue of food security is considered a fundamental problem, or even a key problem under the 
prevalence of certain political conditions. In addition, the growing increase in population requires achieving 
advanced and carefully studied agricultural development. Cropping intensification is regarded as one of the 
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means that help improve yield per unit area via optimum use of available resources. Such objective can be 
achieved by adopting intercropping, which is one of the cropping intensification methods. 
 
Objective of the study: 
 
 The study aims to identify methods to increase the efficiency of use of land and water resources as well as 
increasing yield per unit area. The style of a means of agricultural intensification, which help to increase 
productivity per unit area the optimal exploitation of all resources available, which can be used and directed to 
raise the productivity and maximum of what can be achieved by loading as a means to intensify agricultural. 
 
Methodology and Sources of Data: 
 
 To achieve the study objectives, descriptive and quantitative statistical analysis methods were applied to the 
collected primary and secondary data. Primary data were collected from a sample of 50 farmers adopting 
intercropping of potatoes and taro with maize in Menoufia Governorate with the help of a questionnaire form 
that was designed to serve the study purposes. Published and unpublished data were also collected from the 
Ministry of Agriculture and Land Reclamation (MOALR) and the Central Agency for Public Mobilization and 
Statistics (CAPMAS). 
 

RESULTS AND DISCUSSION 
 
Cropping Intensification: 
 
 Cropping intensification can be defined as the intensification of return to resources use. It is well known 
that limitations to agricultural expansion include land and water. Therefore, cropping intensification is achieved 
by optimizing production per unit area of land or per m3 of water, or both. However, cropping intensification in 
some cases means the intensification of labor and capital productivities of the cropping intensification factors. 
 Cropping intensification can be achieved by applying several mechanisms. The first mechanism aims to 
improve plant and animal productivities per unit of land area and per m3 of water. Efforts to improve plant and 
animal productivities are based on developing new plant varieties or new animal breeds then introducing such 
new varieties and breeds to better production conditions that allow the achievement of maximum yield their 
inheritance capacities allow. The second mechanism aims to increase the crops grown on the same land area in 
the same year, referred to as the crop intensification. However, this type of intensification cannot be achieved 
unless several conditions are satisfied; these are the availability of proper environmental conditions, sufficient 
irrigation water, human competencies, fertile land in addition to satisfying conditions related to crops’ nature. 
The third mechanism aims to the transformation from less-value crops to higher-value crops. The fourth 
mechanism, referred to as the agro-industry, is a high degree of cropping intensification. It can be achieved by 
growing several crops in huge houses under controlled temperature, humidity, lighting, and pest control 
conditions. (4) 

 
Importance of Cropping Intensification (4): 

 
 Cropping intensification is regarded as an effective way of using agricultural land due to several reasons 
such as: 
First: intensification of a number of plants in a relatively small area, which allows ease of control. 
Second: plants improvement by allowing better conditions, such as the sorting of seeds, which yields better 
crop, in addition to improving the practices of services, using proper fertilizers, and applying proper pests, fungi 
and insects control methods. 
Third: ensuring a sufficient and regular source of green fodder in case of growing grass crops. 
Fourth: conducting all agricultural operations such as tillage, harvesting and irrigation in the same time thus 
serving more than one crop in the same time. 
Fifth: cultivating fodder crops adjacent to animal production farms. 
Sixth: maximum use of added fertilizers. 
 
Cropping Intensification Patterns: 
 
 Cropping intensification patterns involve multiple cropping, i.e., planting more than one plant in one 
furrow, or reducing the distance between furrows, or crop rotation. 
 Intercropping: This is the most common definition of multiple cropping and involves growing two or more 
crops at the same time on the same field such as winter onions intercropped with cotton, or cowpeas with 
sorghum, or soybeans with maize, or vegetables with maize. 
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Advantages: advantages of intercropping can be summarized in the following two points: 
 
1. Maximizing the investment of environmental conditions by producing two crops that differ in benefiting 
from the environment. 
2. Maximizing the investment per unit land area. 
 
Benefits of Intercropping: 
 
1. Economic utilization of land area. 
2. Raising the earned revenue per planted area. 
3. Optimum use of soil nutrition. 
 
Objectives of Intercropping: 
 
1. Crop intensification and earning the highest possible return to cultivation. 
2. Optimum use of agricultural lands. 
3. Maximizing the investment of environmental conditions by producing two crops that differ in benefiting 
from the environment. 
4. Occupying lands with green crops that help increase the organic matter and soil fertility.  
5. Provides a source for supplying green fodder in new farms. 
6. Protecting soil surface against erosion and evaporation. 
7. Reduces the consumption of organic matter. 
 
Advantages: 
 
1. Savings in land area. 
2. Savings in tillage and land preparation operations. 
3. Full benefit from the added fertilizers. 
4. Raising the return per unit land area. 
 
Disadvantages: 
 
1. Higher labor cost due to the difficulty of using large agricultural machinery. 
2. Difficulty to perform pest control practices. 
 
Conditions Intercropped Plant Must Satisfy: 
 
1. Growing the secondary crop simultaneously with the main crop in independent rows, or growing the two 
plants on the two sides of the same row. 
2.  The secondary crop must be of the same season as the main crop, either summer or winter. 
3. The secondary crop must follow the same agricultural pattern as the main crop. 
 
Types of Intercropping: 
 
1. Vegetables with crops such as green peas with maize. 
2. Fruits with fruits such as mango with mandarin. 
3. Fruits with crops such as olives with barley. 
4. Fruits with legumes such as peach with lentils. 
5. Crops with crops such as sugarcane with lentils. 
6. Vegetables with fruits such as cauliflower with apple. 
 
Competition between Crops: 
 
 Intercropped plants might produce lower yield compared to that realized if solely cultivated. The amount of 
decline depends on the degree of competition between intercropped plants. Competition may be low in case the 
growth period of intercropped plants is fast and each plant benefits from the environment in a different way. 
Total achieved yield per acre under intercropped plants might be greater than the total yields of the same plants 
in case cultivated separately. 
 This study focuses on one pattern of cropping intensification, i.e., intercropping. Specifically, it aims to 
study the intercropping of maize with taro or potatoes. 
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Brief Note on Maize Crop: 

 
Maize is considered the main intercropped plant in Egypt due to the following reasons :( 4) 

1. Maize cultivated area is large. It reached about 2343 thousand acres in 2010, which allows the drawing of a 
complete intercropping plan. 
2. Maize is usually cultivated on one side of the row, which gives a greater opportunity for optimum 
utilization of unit land area. It is worth noting that maize has distinct biological, morphological and 
psychological characteristics that allow the compensation of plant density and achieving higher yield per 
individual plant through transforming light energy into dry matter. Famers now adopt the intercropping of most 
crops with maize. 
 
Current Situation of Maize Crop in Egypt: 
 
 Maize is grown in all kinds of good-drained, saline free soils. It is best cultivated in clay and clay loamy 
soils of good texture, as well as in properly fertilized sandy soils. 
 Maize is grown in the summer and Nile seasons. Intercropping is applied on the summer season maize, 
which is grown during mid-May to early June, and stays in land for 110-120 days. In 2010, total maize 
cultivated area at the country level reached 2343 thousand acres representing about 36% of the total cropped 
area, of which about 1998 thousand acres are planted during the summer season and 345 thousand acres are 
planted during the Nile season, representing 85.3% and 14.7% of maize cultivated area during the two seasons, 
respectively, as shown in Table (1). (5) 

 There are nine main Governorates in which maize is grown, six of which grow summer season maize, and a 
similar number grows Nili season maize. These are Sharqia , Behaira, Beni Suef, Fayoum, Minya, Assiut, 
Sohag, Dakahlia and Gharbia. Table (1) shows that Sharqia Governorate ranked first in terms of summer planted 
area, followed by Minya and Behaira, with planted areas representing 15.7%, 13% and 8.7% of the total area 
under summer maize, respectively. Summer maize production quantity in the mentioned three Governorates 
represented about 16.4%, 12% and 10% of the total summer maize production quantity at the country level, 
respectively. Behaira Governorate ranked first in terms of yield, followed by Sharkia and Minya with yields 
estimated at 25.84, 23.44 and 20.7 Ardab, respectively, as shown in Table (1). As for the Nile season, Beni Suef 
Governorate ranked first in terms of cultivated area, followed by Sharqia and Behaira, with cultivated areas 
representing about 18.6%, 14.6% and 13.8% of the total planted area during the Nili season,  respectively, while 
production in the three Governorates represented about 17.9%, 17.2%  and 12.8%, respectively. Dakahlia 
Governorate ranked first in terms of yield realized during the Nili season, followed by Gharbia and Sohag, with 
yields estimated at 27.3, 22.2 and 18.7Ardabs, respectively.(5) 

 
Cultivation Method: 
 
 It is preferred to plant maize seeds on rows in furrows. Seeds should be planted in the lower third of the 
ridge in 60 centimeters apart furrows in case intercropped with potatoes, and in 70 centimeters apart furrows in 
case intercropped with taro. One acre requires 6 to 8 kg of maize seeds depending on cultivar and intercropping 
system. (5) 

 
Fertilizer Application: 
 
a. Before Cultivation: 
 
 During land preparation, it is preferred to add old, well-decomposed manure, at a rate of 20-30 m3 + 200 kg 
of Calcium super phosphate 15% P2O5 + 50 kg of potassium sulfate P2O. 
 
b. After Cultivation: 
 
 Azote Fertilizer: azote fertilizer application rate differs depending on plant density. According to technical 
recommendations, it is preferred to add 60-90 kg of nitrogen/acre on 2-3 patches besides the quantity required 
for the intercropped plant. 
 
Brief Note on Taro Crop: 
 
Nutrition Value: 
 
 Taro is planted for its tuber roots (corms), usually formed underground. Taro is one of the carbohydrate and 
protein-rich root vegetables, besides containing good amounts of minerals. The nutrition value per 100 grams of 
edible taro is as follows: 
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Table 1: Area, Yield and Production of (white, yellow) Maize Crop 2010 (Area:Feddan- Production:Ardab)               
Yield % production % Area Governorates 

 Summer Season 
23.44 16.4 7340471 15.7 313133 sharkia 
25.84 10 4501424 8.7 174204 Behaira 
18.61 5.7 2570963 6.9 138148 Benisuef 
18.60 3.2 1442437 3.8 77535 fayoum 
20.7 12 5367027 13 259213 Menia 

19.17 5.8 2608744 6.8 136062 Assuite 
18.86 5.8 2578008 6.8 136695 Suhag 
22.43 60 44827788 - 1998248 Sub-Total 

 Nili Season 
27.30 15.6 101351 10.8 37128 Dakahlia 
22.17 17.2 1116237 14.6 50359 Gharbia 
17.45 12.8 826847 13.8 47491 Behaira 
18.05 17.9 1157541 18.6 64127 Benisuef 
12.44 0.007 46080 10.8 37159 Fayoum 
18.7 2.4 154449 2.5 8549 Suhag 

18.79 66 6479428  344877 Sub-Total 
 

- - 51307216 - 2343125 Total 
Source: Calculated using the Data Collected from (MOALR), Economic Affairs Sector, and the Central Administration for Agricultural 
Economics, Bulletin of Agricultural Economics, 2010. 

 
 75% of moisture content (water), 21 g of carbohydrates, 2.4 g of protein, 0.4 g of fat, 0.8 g of fibers, 98 
calories, 23 mg of calcium, 32 g of phosphorus, 0.9 g of iron, 0.12mg of thiamine, and 0.4 mg of ascorbic acid. 
Taro has more nutrition value than potatoes and sweet potatoes. It is eaten either cooked or fresh as salad. Taro 
buds can be germinated, blanched and eaten as asparagus. It acts as pain reliever, treats diarrhea and cough. 
 
Current Situation of Taro in Egypt: 
 
 In Egypt, taro is planted during the summer and winter season. The proper timing for planting taro is mid-
February to end of April. Taro is one of the soil-exhausting crops. Therefore, it recommended to plant taro after 
legumes or other half soil-exhausting crops. 
 In 2010, taro planted area in Egypt reached about 9757 acres, of which 628 acres were planted during the 
winter season and 9129 were planted during the summer season. Summer season taro ranked first in terms of 
planted area, which represented 93.6% of the total area under taro at the country level in 2010. Sharqia 
Governorate ranked first in terms of taro planted area, which represented 34.52%, followed by Menoufia, Beni 
Suef, Assiut and Qalioubia which represented 34.15%, 4.39%, 3.6% and 2.63% of total taro planted area, 
respectively. Summer season taro production quantity reached 11379 tons representing about 93.75% of the 
total quantity of produced taro at the country level, estimated at 119379 tons in 2010, as shown in Table (2). 
Menoufia, Sharqia, Assiut, Beni Suef and Qalioubia represented the top summer taro producing Governorates, 
with production quantities representing about 38.4%, 37%, 14.15%, 5.7% and 2.8%, respectively. As regards the 
yield of summer taro, Beni Suef Governorate ranked first, followed by Menoufia and Sharqia, with yields 
estimated at 15.94, 13.81 and 13.14 tons, respectively.(5)  
 
Main Taro Varieties Grown In Egypt: 
 
1. Egyptian Variety: is characterized by producing one large corm. It has large leaves with high mucus 
content. The corms have light purple color under the skin, and it matures after 9 months.  
2. American Variety: is characterized by producing multiple small corms. Its leaves and blades are small, and 
the contact area between the neck and blade has red or crimson color. The corms have white color under the 
skin, and it matures after 7 months. 
 
Cultivation Method: 
 
 Taro propagates vegetatively, either by whole small corms or large-scale commercially produced corm 
divisions. Planting one acre of land requires 900 kg of small corms or 1000 kg of corm divisions, each of which 
is 90-100 g in weight. 
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Table 2: Area, Yield and Production of Taro 2010 (Area:Feddan- Production:Ton-Yield:Ton)                
Yield % production % Area Governorates 

 winter Season 
8.94 6.35 474 8.43 53 sharkia 
11.74 7.39 552 7.48 47 Qalyoubia 
12.0 5.40 408 5.4 34 Giza 
12.0 1.6 120 1.5 10 Benisuef 
13.03 15.9 1187 14.4 91 Menia 
12.02 62.7 4679 61.7 388 Assuite 
11.87 99.34 7460 98.91 628 Sub-Total 

 Summer Season 
13.81 38.4 43087 34.15 3118 Menoufia 
13.14 37 41434 34.52 3152 sharkia 
13.03 2.8 3146 2.63 241 Qalyoubia 
15.94 5.7 6395 4.39 401 Benisuef 
8.43 14.15 15840 3.6 1879 Assuite 
12.26 94.05 111919 79.29 9129 Total 

Source: Calculated using the Data Collected from (MOALR), Economic Affairs Sector, and the Central Administration for Agricultural 
Economics, Bulletin of Agricultural Economics, 2010. 

 
 Some famers benefit from the area under taro during early growth stages by intercropping short-term crops 
such as molokhia, green beans, cucumber, turnip, radish and watercress. Such crops can be removed in Jun 
before intensification. Taro matures within 7-9 months after planting depending on the grown cultivar. Maturity 
is signaled by the weakness and yellowing or aging of the shoot system due to absorbing most of the 
carbohydrate by the corms. Taro corms are harvested during October, November and December. Sometimes 
farmers harvest taro corms before maturity to benefit from the higher prices during early season. However, such 
practice has negative impact on the produced quantity. Some other farmers delay harvesting to benefit from the 
extra quantity, about 15-20%. However, such practice has negative impact on the product quality. It is worth 
mentioning that production quantity per acre is estimated at 10-15 tons depending on soil type, seeds, and 
planting time. 
 
Fertilizer Application: 
 
 Taro is one of the soil-exhausting crops. It requires applying proper quantity of fertilizers throughout its 
lifecycle, besides adding old manure. About 30 m3 of manure is applied during land preparation, while 10 m3 is 
applied during intensification in July. Taro requirements of fertilizers are: 200 kg of calcium superphosphate, 
300 kg of ammonium sulfate and 200 kg of potassium sulfate, which should be added on two equal patches, one 
in May and the second in July.  
 
Potatoes Production in Egypt: 
 
Brief Note on Potato Crop: 
 
 The nutrition value of potatoes is high and diversified, where it contains 20-30% of dry matter, 1.5-2.1% of 
protein, 12-20% of carbohydrates, 0.06-0.3% of fat, 0.5-1.5% of cellulose, 0.1 mg of thiamin, 0.4 mg of 
riboflavin, 1.5 mg of niacin, 0.6 mg of iron, 3 mg of sodium, 7 mg of calcium, 4.7mg of potassium, 23 mg of 
magnesium, 20 mg of ascorbic acid (vitamin c).(4) 

 
Current Situation of Potato Crop in Egypt: 
 
 Potato crop is planted in August. It lasts in land for 90-120 days until mature. It is clear from Table (3) that 
total area under potatoes reached about 334643 acres in 2010, of which 46.4%, 40% and 13.3% were planted in 
the winter, summer and Nili seasons, respectively. During the same year, total potatoes production amounted to 
3634217 tons, of which 45.5%, 10.9% and 43.6% were produced during the three mentioned seasons, 
respectively. Behaira, Dakahlia, and Menoufia Governorates ranked first in terms of area under winter potatoes, 
which represented about 27.6%, 12.6% and 12.47%, respectively, whilst area under winter potatoes in Nubaria 
represented 17.04%. Behaira, Menoufia and Gharbia ranked top in terms of areas under summer potatoes 2010, 
which represented 20.8%, 18.35% and 15.08%, respectively, whilst area under summer potatoes in Nubaria 
represented about 7.87% of total area under summer potatoes. As regards the Nili season, Minya Governorate 
represented 66.35% of the total area under Nili potatoes, followed by 6th October, Dakahlia and Behaira, which 
represented 8.2%, 6.2% and 5.5%, respectively. As for production quantity, Behaira , Dakahlia and Menoufia 
ranked top by representing 27.56%, 12.69% and 11.23% of the total winter potatoes production quantity, 
respectively, whilst Nubaria new lands represented 16.75%  of the total winter potatoes produced quantity. 
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During the summer season, Behaira Governorate ranked first in terms of summer potatoes production quantity, 
which represented 21.61%, followed by Menoufia and Gharbia, which represented 17.5% and 15.24%, 
respectively. Minya ranked first in terms of Nili potatoes production quantity during the study year, followed by 
6th October, which represented 59.18% and 11.66%, respectively. With respect to potatoes yields during the 
three seasons, the highest yield was recorded during the summer season in 6th October Governorate (about 14.75 
tons), followed by Assiut, Ismailia and Qalioubia, with yields estimated at 14.2, 14.17 and 13.9 tons, 
respectively. During the winter season, Kafr El-Sheikh Governorate ranked first, followed by Sharqia, with 
yields estimated at 13.83 and 13.4 tons, respectively, whilst Assiut ranked first during the Nili season, with yield 
estimated at 13. 46 tons as shown in Table (3). (5) 

 

Main Objectives for Intercropping Maize with Potatoes: 
 
1. Increasing intensification rate and maximizing the utilization per unit of land area. 
2. Improving the germination of potato tubers due to shading the soil by maize plants, where potato tubers are 
planted early (during August) when the temperature degree is still higher than that suitable for planting potatoes. 
3. Benefiting from the higher prices of potatoes due to early harvesting. 
4. The possibility to plant wheat after early harvest of potatoes during the recommended time. 
5. Growing three instead of two crops per year by planting maize and intercropped with potatoes, then 
planting wheat. 
6. Increasing and distributing the earned revenue per year, and avoiding the harms of depending on one 
planted crop. 
7. Rationalizing the amount of irrigation water consumed when planting the two crops together.  
 
Table 3: Area, Yield and Production of potatoes 2010 (Area:Feddan - Production:Ton) 

   Yield % production % Area Governorates 
 winter Season 

10.56 27.5 455446 27.6 43101 Behaira 
10.43 6.4 107158 6.5 10274 Gharbia 
13.82 0.65 10728 0.49 776 Kafr.Elshekh 
10.64 12.69 209649 12.6 19697 Dakahlia 
13.40 0.97 16096 0.76 1201 sharkia 
12.98 3.9 64619 3.18 4975 Ismailia 
9.54 11.2 185644 12.47 19458 Menoufia 
12.51 4.38 72747 3.7 5788 6 October 
10.80 6.54 107996 6.4 9995 Benisuef 
10.58 16.75 276812 17.04 26607 Noubaria 
- - 1652133 - 156060 Sub-Total 

 Summer Season 
12.28 21.61 342681 20.8 27893 Behaira 
11.96 15.24 241696 15.08 20194 Gharbia 
11.14 10.16 161189 10.8 14468 Dakahlia 
14.16 3.13 49688 2.61 3507 Ismailia 
11.28 17.5 277456 10.35 24579 Menoufia 
13.29 4.5 74577 4.03 5405 Qalyoubia 
14.75 4.7 61569 3.77 5056 6 October 
9.87 3.8 12588 4.65 6235 Menia 
14.24 0.79 111687 0.66 884 Assuita 
10.59 7.04 - 7.87 10541 Noubaria 
11.84 - - - 133909 Sub-Total 

 Nili Season 
9.07 5.6 22406 5.5 2469 Behaira 
10.00 3.3 13.92 2.9 1309 Gharbia 
8.76 6.12 24313 6.2 2774 Behaira 
12.51 11.66 46264 8.2 3697 6 October 
12.10 3.8 15267 2.82 1261 Benisuef 
7.92 59.18 234760 66.35 29643 Menia 
13.46 2.2 8928 1.48 663 Assuita 
8.87 - 396625 - 44674 Sub-Total 

Source: Calculated using the Data Collected from (MOALR), Economic Affairs Sector, and the Central Administration for Agricultural 
Economics, Bulletin of Agricultural Economics, 2010. 
 

Potatoes Intercropping System: 
 
 Potatoes are intercropped with maize on the same row, where both are planted at 100% density. Such 
system is better applied in potato cultivation regions such as islands and loamy lands due to the fact that they are 
characterized by fertile, well-drained and well-aerated soil, which allows the growth of potatoes tubers. It can 
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also be planted in clay loamy lands, yellow lands, and sandy lands if proper amounts of organic and chemical 
fertilizers are applied. 
 

Potatoes Intercropping System: 
 
 Potatoes are intercropped with maize on the same row, where both are planted at 100% density. Such 
system is better applied in potato cultivation regions such as islands and loamy lands due to the fact that they are 
characterized by fertile, well-drained and well-aerated soil, which allows the growth of potatoes tubers. It can 
also be planted in clay loamy lands, yellow lands, and sandy lands if proper amounts of organic and chemical 
fertilizers are applied. 
 The amount of seeds required per acre during this season is estimated at 1.5-1.75 tons depending on the size 
of seeds and storing method. During this season, it is preferred to plant potatoes using full tubers rather than 
segments or divisions. 
 Potatoes can be planted in tilled, weed-free, moist land, after removing the two lower leaves of maize plant. 
The row is then opened longitudinally to from a ridge. Seeds are placed deep inside the row, 25-30 cm apart, 
taking into consideration that buds should face up. Planting should be 10-15 cm deep, and seeds should be 
covered with soil immediately after planted to avoid drying. 
 
Fertilizer Application: 
 
 It is recommended to add the following fertilizers application rates: for phosphate fertilizer, 400 kg of 
calcium phosphate 15% P2O5, or equivalent, should be applied before the last till, or added by infiltrating inside 
the row (for both crops). 
 Potatoes fertilization is done by applying 150-180 keg's of azote per acre on three patches, the first at 
planting, the second at maize harvesting and full germination of potato tubers, and the third two weeks after the 
second patch. The first and second patches should be in the form of ammonium sulfate, while the third should be 
in the form of ammonium nitrate. The applied fertilizer must not come into contact the tubers to avoid rotting. In 
sandy and reclaimed lands, fertilizers are applied on 5-6 patches to avoid washing by irrigation water. As 
regards applying potash fertilizer to potatoes, it is recommended to apply 75-100 kg of P2O (3-4 sacks) in the 
form of potassium sulfate, either in one or two patches, the first at full germination and the second after two 
weeks of full germination. 
 
Comparison between Production Costs of the Study Crops under Monoculture and Intercropping: 
 
 Table (4) presents a comparison between monocultured maize crop and maize intercropped with taro and 
potatoes. It is clear from the table that production cost of intercropped maize is reduced by about 83.2% and 
55.4%; 65.2 and 53.6%; 48.7 and 31.6%; 62.5% and 50%; and 24.7% and 49.8% for land preparation, irrigation, 
fertilizers, crop services and rent in case maize is intercropped with taro and potatoes. On the other hand, 
harvesting and transportation costs increased by 22.4% and 83.5% in case maize is intercropped with taro and 
potatoes, respectively, compared to monocultured maize. As regards intercropping with taro, land preparation, 
irrigation, fertilizers and rent costs declined by 37.5% compared to monocultured maize as shown in the table. 
 
Economic Efficiency of Monoculture and Intercropping Systems for the Study Crops: 
 
 Economic efficiency can be assessed using four indicators, these are investing profit per L.E., cost per 
produced ton, net revenue per produced ton, and benefit/cost ratio. 
 
First Indicator: 
 
 Results illustrated in Table (5) indicate higher invest profit per L.E. for all production items in case maize is 
intercropped with taro and potatoes compared to the invest profit realized from monocultured maize, except for 
the seeds, planting, harvesting and transportation, whereas the reverse is true as clear in the table. 
 It is also clear that invest profit per L.E. is higher for all production items in case intercropping taro and 
potatoes with maize compared to the invest profit realized from monocultured taro and maize, as clear in Table 
(5).  
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Table 4: Production costs comparison between maize, potatoes and taro. 
Item Maize Taro Potatoes Agriculture cropping Agriculture cropping 

Maize Taro Maize Potato 
Land Preparation 224 100 208 37.5 62.5 100 100 

Seeding & Planting 280 4800 1760 280 4800 80 1760 
Irrigation 323 300 371 112.5 187.5 150 150 

Fertilization 760 1040 1109 390 650 520 520 
Seeding & Planting 210 - 419 78.75 131.25 105 105 

Pest Control 107 - 457 - - - - 
Harvesting 294 400 396 360 400 360 400 

Crop Transportation 109 200 117 200 200 200 200 
Other Expenses 208 - 187 - - - - 

Rent 1195 2400 1551 900 1500 6 600 
Total  Cost 3710 9907 6776 2358.75 7931.25 2315 3835 
Productivity 3.5 Tons 17 Tons 8.87 Tons 3.77 17 3.77 9 
Farm price 275 L.E. 2500 L.E. 979 L.E. - - - - 
value Crop 6140 L.E. 42500 L.E. 8684 L.E. 4560 42500 4560 9000 
Net revenue 2430 L.E. 32593 L.E. 1908 L.E. 2201.25 34568.75 2245 5165 

Revenue / cost 65. 3.28 28. 0.93 4.36 0.97 1.35 
Source: Data questionnaire collected from a sample in Menoufia Governorate. 

 
Table 5: Economical efficiency of farming and cropping agriculture. 

Item Maize Taro Potatoes Taro 
cropped 

with maize 

Potatoes 
cropped with 

maize 

Taro 
cropped 

Potatoes 
cropped 

Land Preparation 10.8 325.9 9.2 58.7 22.45 553.1 51.7 
Seeding & Planting 8.7 6.8 1.1 7.9 8 7.2 2.9 

Irrigation 7.5 108.6 5.1 19.6 14.9 184.4 34.4 
Fertilization 3.2 31.3 1.7 5.6 4.3 53.2 9.9 

Weeding 11.6 - 4.6 27.9 21.4 263.4 49.2 
Pest Control 22.7 - - - - - - 
Harvesting 8.3 81.5 4.8 6.1 6.2 86.4 12.9 

Crop Transportation 22.3 163 16.3 11 11.2 172.8 25.8 
Other Expenses 11.7 - 10.2 - - - - 

Rent 2 13.6 1.2 2.4 3.7 23 8.6 
Cost per ton 1060 852.8 763.9 625.7 614.1 466.5 426.1 

Net revenue per ton 694.3 1917.2 215.1 853.9 595.5 2033.5 573.9 
Rate of return of 

costs 
0.65 3.28 0.28 0.93 0.97 4.36 1.35 

Source: Data questionnaire collected from a sample in Menoufia Governorate. 

 
Second Indicator: 
 
 Results illustrated in Table (5) indicate higher production cost per ton in case the study crops are 
monocultured. It is clear that production cost of maize intercropped with taro and potatoes is lower by 40.9% 
and 42.1% compared to the production cost per ton of monocultured maize. It is also clear that production cost 
per ton of intercropped taro is 19.9% lower compared to monocultured taro, while production cost per ton of 
intercropped potatoes is 44.29% lower compared to monocultured potatoes. 
 
Third Indicator: 
 
 Results illustrated in Table (5) indicate that net revenue per ton of monocultured maize is 15.9% higher 
compared to the net revenue per ton of maize intercropped with taro, and 14.2% higher compared to the net 
revenue per ton of maize intercropped with potatoes. As regards taro crop, it is clear that net revenue per ton of 
intercropped taro is 6.1% higher compared to that realized from monocultured taro. As for potatoes, it is clear 
that net revenue per ton of intercropped potatoes is 166.8% higher compared to that realized from monocultured 
potatoes. 
 
Fourth Indicator: 
 
 Results illustrated in Table (5) indicate higher benefit/cost ratio for intercropped maize, where it reached 
L.E 0.28 and 0.32 for maize intercropped with taro and potatoes, respectively. 
 It is also clear that benefit/cost ratio increased to L.E 1.08 in case taro is intercropped with maize compared 
to monocultured taro, while increased to L.E 1.07 in case potatoes is intercropped with maize compared to 
monocultured potatoes.  
 
 



3572 
J. Appl. Sci. Res., 8(7): 3563-3574, 2012 

Economic Impacts of Assessing Intercropping In Egypt: 
 
 The spread of intercropping has several economic impacts, which can be assessed at two stages: the farm 
level and the country level. 
 
Stage I: 
 
 This stage deals with studying the positive impacts of intercropping at the farm level, the results of which 
are illustrated in Table (7). Main findings at this stage include the research methodology and sources of data.  
 
Stage II: 
 
 This stage deals with studying the positive impacts unveiled at the first stage at the country level, which 
requires studying the value of Egyptian imports of the commodities to be planted in the saved areas. It is clear 
from Table (8) that Egypt’s maize imports value represented the largest share of expected total imports value, 
estimated at US$ 1.292 billion, followed by sunflower oil imports value (19%), cotton imports value (10.11%), 
and finally soybeans oil (5.39%). Sorghum and peanuts were neglected because their imports values represented 
very small percentages of Egypt’s total imports value of the mentioned commodities (Table (8)). Table (9) 
illustrates the main positive impacts at the country level. Forecasted production from commodities listed in the 
table is expected to reduce Egypt's imports value of sunflower oil, soybeans oil, maize and cotton by 14.09%, 
63.25%, 0.22% and 63.22%, respectively, in case the saved area is allocated for producing one of these crops. 
Table (10) indicates that the last positive impact at the country level involved reducing deficits in the 
commodity balances maize, soybeans and sunflower by 0.13%, 9.87% and 14.77%, respectively, in case the 
saved area is allocated for producing these crops. It is also clear from the table that utilizing the saved land areas 
in cotton production shall result in improving the surplus in cotton commodity balance by 0.12%. 
 
Table 6: Additional revenue from cropping agriculture of some vegetables in pounds per feddan. 

Item/Crop Molokhai Onion Beans Okra 
Seeds value 50 100 50 15 

Production\ton 1.2 6 1.2 48. 
value Crop 600 4242 6000 (2400-2840) 

Source: Calculated from the current research data.  
 
Table 7: positive impact on farm level. 

Item Crops Saved area 
Thousand/feddan 

Production 
Ton/Feddan 

Production 
Thousand/Feddan 

Oil production 
quantity 

Thousand/Ton 

Saved water 
quantity 

Cubic million 
meter 

Nili crops Sunflower 44.674 1.06 47.354 17.52 60.223 
Sorghum 44.674 15.05 672.344 ------- 60.233 

Soya Bean 44.674 1.21 54.056 20 60.233 
Summer crops Maize 9.129 0.46 4.199 ------------ 26.483 

Cotton 9.129 1.02 9.339 ------------ 26.483 
Soya Bean 9.129 1.21 11.046 4.087 26.483 

Peanut 9.129 1.27 11.603 ------- 26.483 
Source: Calculated from the current research data 
- Ministry of Agriculture and Land Reclamation, Bulletin of Agricultural Economics and Statistics, 2010. 
 
Table 8: Quantity and value of imports and exports of subjected goods (Quantity thousand tons-Value million dollars). 

Crop Imports % Exports 
Quantity value Quantity value 

Sunflower oil 124.374 250.862 19 21.982 27.872 
Sorghum 13.767 7.443 0.58 3.633 2.783 

Soya Bean oil 38.084 69.705 5.39 20.468 26.132 
Maize 1935.44 833.724 64.51 20.468 8.351 
Cotton 41.263 130.605 10.11 15.441 87.494 
Peanut 0.04 0.1 0.008 8.03 6.22 
Total 0 1292.439 0 0 0 

Source: Calculated from the current research data. 
- Central Bank of Egypt, Annual Bulletin of Commodity Balance, 2010. 
 

Main Findings: 
 
Egypt's adoption of intercropping has several positive economic impacts, which can be listed as follows: 
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- Saving areas of agricultural lands estimated at: about 44.674 thousand acres that were planted with Nili 
potatoes production, and about 9.129 thousand acres that were planted with summer taro production. Saving 
such areas is expected to save 86.7 million m3 of irrigation water. 
- Utilizing the saved areas in producing key crops including sunflower and soybeans during the Nili season, 
and maize, cotton and soybean during the winter season. 
- Forecasted production of any of the abovementioned crops is expected to result in reducing Egypt's imports 
value by 14.09% for sunflower oil, 63.25% for soybeans oil, 0.22% for maize, and 22.63% for cotton. The saved 
amount is expected to reduce deficit in the commodity balances of soybeans, sunflower and maize by 9.87%, 
14.77% and 0.13%, respectively, while is expected to increase the surplus in the commodity balance of cotton 
by 0.12% in case the saved areas are cultivated with one of these commodities. 
 
Table 9: Positive impact on the local level. 

Crop Expected production 
quantity 

Thousand/Ton 

Imports 
price $/Ton 

expected value of 
imports million $ 

Current imports 
value Million $ 

Imports value 
decrease % 

Sunflower oil 17.52 2017 35.338 250.862 14.09 
Soya Bean oil 24.087 1830.3 44.086 69.705 63.25 

Maize 4.199 430.87 1.809 833.724 0.22 
Cotton 9.399 3165.18 29.56 130.605 22.63 

Source: Calculated from the current research. 
- Central Bank of Egypt, Annual Bulletin of Commodity Balance, 2010.\ 
 
Table 10: Positive impact on commodity balances. 

Balance Imports value Exports value deficit or 
surplus 

Increase in the 
surplus % 

Decrease in the 
deficit % 

Expected imports value million 
$ 

Cotton 137.558 24143.359 24005.801 0.12 ------ 29.56 
Maize 1447.757 37.969 -1409.788 ------ 0.13 1.809 

Soya Bean 74.465 27.965 -46.5 ------ 9.87 44.086 
Sunflower 271.9 32.7 -239.2 ------ 14.77 35.338 

Source: Calculated from resent research. 
         - Central Bank of Egypt, Annual Bulletin of Commodity Balance, 2010 

 
Summary: 
 
 Arab world, particularly Egypt, suffers a growing scarcity in natural agricultural resources, mainly 
represented in land and water. Per capita share of agricultural land declined from around 0.127 acre in 1990 to 
around 0.113 acre in 2010, whereas per capita share of fresh water declined from 919 m3 to 750 m3 between the 
two years, respectively, indicating the need to devote great attention to improve the efficiency and rationalize 
the use of such vital resources. 
 The issue of food security is considered a fundamental, or even a key problem under the prevalence of 
certain political conditions. In addition, the growing increase in population requires achieving advanced and 
carefully studied agricultural development.  
 Cropping intensification is regarded as one of the means that help improve yield per unit area via optimum 
use of available resources. Such objective can be achieved by adopting intercropping, which is one of the 
cropping intensification methods. Therefore, the study aimed to assess the positive impacts of intercropping 
potatoes and taro with summer maize, the area of which represents a large percent of the summer planted area.  
 To achieve the study objectives, descriptive and quantitative statistical analysis methods were applied on 
the primary and secondary data. Primary data were collected from a sample of 50 farmers adopting 
intercropping of potatoes and taro with maize in Menoufia Governorate with the help of a questionnaire form 
that was designed to serve the study purposes. Published and unpublished data were also collected from the 
Ministry of Agriculture and Land Reclamation (MOALR) and the Central Agency for Public Mobilization and 
Statistics (CAPMAS). 
 Main finding indicate that adopting intercropping has the following positive economic impacts: 
- Saving areas of agricultural lands estimated at: about 44.674 thousand acres that were planted with Nili 
potatoes production, and about 9.129 thousand acres that were planted with summer taro production. Saving 
such areas is expected to save 86.7 million m3 of irrigation water. 
- Utilizing the saved areas in producing key crops including sunflower and soybeans during the Nili season, 
and maize, cotton and soybean during the winter season. 
- Forecasted production of any of the abovementioned crops is expected to result in reducing Egypt's imports 
value by 14.09% for sunflower oil, 63.25% for soybeans oil, 0.22% for maize, and 22.63% for cotton. The saved 
amount is expected to reduce deficit in the commodity balances of soybeans, sunflower and maize by 9.87%, 
14.77% and 0.13%, respectively, while is expected to increase the surplus in the commodity balance of cotton 
by 0.12% in case the saved areas are cultivated with one of these commodities. 
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