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ABSTRACT 

A field experiment was carried out at El-Kassaseen Agricultural Research Station, Ismailia 
governorate, Agricultural Research Center (ARC), Egypt, during 2016 and 2017 summer seasons to 
reduce the consumption of conventional irrigation water use and mineral nitrogen fertilizer inputs 
with increase in land usage and economic return. Six treatments were involved using combinations 
among three irrigation water treatments (100% of fish waste water without addition of mineral N 
fertilizer "I", 50% of fish waste water + 50% of the conventional irrigation water with addition of 
50% of recommended rate of mineral N fertilizer "II" and 100% of the conventional irrigation water 
with addition of 100% of recommended rate of mineral N fertilizer "III" control treatment) and three 
cropping systems (interplanting maize with four years old mandarin trees, sole cultures of maize crop 
and mandarin trees). The experimental layout was designed in strip plot with three replications. For 
mandarin trees, the results showed that the highest fruit weight and volume, as well as, fruit yields per 
tree and per ha were obtained with application of irrigation water treatment (II), meanwhile it 
decreased total soluble solids in fruits as compared with those by application of the other irrigation 
water treatments. Interplanting maize with mandarin trees had no significant effects on all traits of 
mandarin trees. The interaction between irrigation water treatments and cropping systems was 
insignificant effects on all traits of mandarin trees. For maize, application of irrigation water treatment 
(II) caused significant increments in number of ears per plant, ear length, diameter and weight, as well 
as, grain yield per ha compared with those obtained by application of the other irrigation water 
treatments. Interplanting maize with mandarin trees increased number of ears per plant, ear length, 
diameter and weight, but decreased biological and grain yields per ha compared with those of maize 
sole culture. The interaction between irrigation water treatments and cropping systems was significant 
only for ear weight and grain yield per ha. Land and water equivalent ratios were above 1.00 
indicating interplanting advantages for all treatments. The values of aggressivity of mandarin trees 
were negative for all treatments indicating that mandarin is dominated component in the present 
study. Interplanting maize with mandarin trees with application of irrigation treatments (II) increased 
net profit for Egyptian mandarin growers by about 25.47 and 27.74% in the first and second seasons, 
respectively, compared with mandarin sole culture, as well as, monetary advantage index. 
Interplanting maize with mandarin trees and applied irrigation water as 50% in form of fish waste 
water + 50% in form of the conventional water with addition of 50% of the recommended mineral N 
fertilizer rate increased yields of both crops, average of land and water equivalent ratios by 56% and 
economic net return by 27% compared with sole culture of mandarin. This could increase average of 
farmers net return by US$ 656 ha-1 (LE 4961 fed-1) and improve welfare of farmers. 
  
Keywords: Competitive relationships, Economic return.   

 
Introduction 

Nowadays, efforts are being focused on developing not only alternative irrigation methods but 
also new water resources and management methods in order to reduce water dosages with maintaining 
maximum tree growth without negative effect on yield and fruit quality (Fereres and Soriano, 2007). 
It is known that quality and volume of water existing in nature have gradually reduced due mainly 
expansion of agriculture, industry, inadequate distribution of available water resources and losses 
related to environmental degradation and misuses of the soil. Those effluents, in general, are rich in 
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organic matter, nitrogen (N) and phosphorus (P), which can compromise the water quality in the 
reservoirs (Silva et al., 2013). In a few years, the use of effluents from fish farming in the Egyptian 
agriculture is a practice that has grown considerably. Fish culture in ponds has long been practiced by 
rural communities in a number of countries in Asia and is a recent practice in Africa (Ahmed et al., 
2014). Fortunately, Ismailia Governorate has the largest reserves of aquaculture in the Middle East 
where the completion of the 4,000 fish ponds was finished by the end of 2017 according to 
international standards (Hassan et al., 2019).  

Although the use of fish waste water can contribute to plant nutrition, and improving the soil 
attributes and minimize problems with environmental pollution, but metals that are deposited in the 
aquatic environment may accumulate in the food chain. Consequently, many aquatic organisms have 
been used as bio-indicators including plants ﴾Mohan and Hosetti, 1999﴿. According to Becker (2016), 
dissolved oxygen (DO) is an important parameter in assessing water quality because of its influence 
on the organisms living within a body of water. A DO level that is too high or too low can harm 
aquatic life and affect water quality and also proved to be a critical factor to plant growth. High levels 
of DO promote healthy root growth that requires oxygen for aerobic respiration. Also, colder water 
holds more DO, and colder temperatures keep the plant's demand for oxygen relatively low (Bauder, 
2016).  

No doubt that citrus consider as being one of the most important fruit crops in the world, 
especially under warm temperate regions, which occupies the first position in Egypt. However, the 
positive and negative aspects of deficit irrigation need to be better assessed in areas of the orchards 
trees such as mandarin (Citrus reticulate L.) under sandy soil conditions. In this concern, Ennab and 
El-Sayed (2014) found that yield efficiency of mandarin tree was decreased under deficit irrigation as 
compared with control. In another study, the highest field water use efficiency and water productivity 
values in areas of mandarin were resulted from the deficit irrigation treatment (50% of irrigation 
water), whereas the lowest values was obtained under control treatment (100% of irrigation water) 
due to much applied irrigation water (Panigrahi et al., 2014). They added that this value (water 
productivity) also has an important value for growers by increasing their income through using less 
amounts of irrigation water.  

According to Lachungpa (2004), intercropping of mandarins provides farmers with increased 
food security and opportunities for cash flow. Consequently, growing annual crops such as maize 
(Zea mays L.) between mandarin tress using different concentrations of fish waste water need to be 
evaluated. Although maize can be cultivated between the mandarin trees, but it may be difficult to 
predict advantage of this system under fish waste water systems and it’s reflect on farmer’s net return. 
In this concern, George and Jeruto (2010) mentioned that fruit trees are intercropped with all types of 
short term crops such as beans, peas, potatoes, maize, millet and indigenous vegetables when they are 
still young as a way of attaining food security and increase income before the trees mature. 
Additionally, Araujo et al. (2019) showed that the wastewater from fish farming is rich in organic 
matter, macro and micronutrients, which may complement the nutrients needed by the plants in the 
inter-planting production. Thus, the results from this study will provide indication of the viability and 
advantages of interplanting maize with mandarin trees to reduce amounts of conventional irrigation 
water and mineral N fertilizer inputs and increasing land and water equivalent ratios and economic 
return. 

 
Materials and Methods 
 

A field experiment was carried out at El-Kassaseen Agricultural Experiments and Research 
Station, A.R.C., Ismailia Governorate (Lat. 30° 35' 30" N, Long. 32° 14' 50" E, 10 m a.s.l.), Egypt 
during 2016 and 2017 summer seasons to test the reduction amounts of the conventional irrigation 
water and mineral nitrogen (N) fertilizer inputs and increase land equivalent ratio and economic 
return. The treatments were the combinations of three irrigation water treatments and two cropping 
systems for each crop as follows:  

 
Irrigation water treatments (Sources): 

- (I): 100% of fish waste water without addition of mineral N fertilizer.  
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- (II): Mixture of 50% of fish waste water + 50% of the conventional irrigation water with addition 
of 50% of the recommended mineral N fertilizer rate. 

- (III): 100% of the conventional irrigation water with addition of 100% of the recommended 
mineral N fertilizer rate. 
 

Cropping systems treatments:  
 
-Interplanting culture: Growing four maize ridges between mandarin trees as shown in Figure (1)  
distributed as one maize plant hill-1 distanced at 40 cm between hills in ridges 50 cm width (25000 
maize plants ha-1). Mandarin trees planting at distance of 4.0 m between rows and 3.0 m apart 
between trees in the same row (3×4 m apart = 833 mandarin trees ha-1), “hectare (ha) = 2.38 feddan 
(fed)”. 
-Sole culture of maize: Pure stand of maize ridges (50 cm width) by growing one plant hill-1 spaced 
at 40 cm between hills (50000 maize plants ha-1).   
-Sole culture of the four years old mandarin trees: Planting distance was 3 × 4 m apart (833 
mandarin trees ha-1).  

 
The four years old mandarin trees cultivar Fremont and maize cultivar S.C. 129 were used and 

sown on May 19th and May 14th in 2016 and 2017 summer seasons, respectively.  
Mechanical and chemical analyses of the soil (0 – 60 cm depth) were done by Water, Soil and 

Environment Research Institute, ARC (Table 1). Average of nitrogen concentration (mg l-1) in 
irrigation water treatments at different growth stages (Table 2), quality of the irrigation water 
treatments at irrigation date of different growth stages (Table 3) were analyzed by Central Laboratory 
for Aquaculture Research at Abbasa, El-Sharkia Governorate. 

 

 
Figure 1: Interplanting maize with mandarin trees 

 
Table 1: Mechanical and chemical properties of soil (0 – 60 cm depth) of the experimental sites 

before maize planting.  

Depth of soil (0 – 60 cm) 
Growing season 

First season Second season 
Mechanical analysis 
Clay (%) 

 
12.84 

 
11.79 

Silt (%) 2.13 2.04 
Sand (%) 85.03 86.17 
Texture Sandy Sandy 
Chemical analysis 
N (ppm)  

 
5.00 

 
6.50 

P (ppm) 7.50 10.00 
K (ppm) 37.00 42.00 
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Table 2: Average of nitrogen concentration (mg l-1) in irrigation water treatments at different growth 
stages.  

Growth stage 
 

Irrigation 
treatment 

Nitrogen concentration (mg l-1) 

 Before sowing  
(19/4/2017) 

Establishment 
 (23/5/2017) 

Vegetative – 
flowering 

 (29/6/2017) 

 Yield formation – 
ripening 

(23/8/2017) 
(I) 30 120 160 240 
(II) 10 80 110 180 
(III) 0 0 0 0 

 
Table 3: Measurements of irrigation water used at different growth stages.  

Date Treat. Temp pH DO Date Treat. Temp pH DO 

14/05/2017 
I 26.5 7.0 6.2 

18/07/2017 
I 28.1 7.2 4.1 

II 26.6 7.8 7.4 II 28.3 8.0 6.4 
III 26.7 7.8 8.1 III 28.6 8.0 8.7 

21/05/2017 
I 27.1 7.1 5.6 

25/07/2017 
I 27.6 7.1 4.1 

II 27.3 8.1 4.3 II 27.7 8.2 6.3 
III 27.8 7.8 6.5 III 27.7 7.9 8.7 

28/05/2017 
I 26.9 7.2 5.2 

16/08/2017 
I 27.5 6.8 3.1 

II 26.9 7.9 5.9 II 27.7 7.9 5.5 
III 27.5 7.7 8.7 III 28.0 7.9 8.3 

11/06/2017 
I 26.7 7.1 3.5 

23/08/2017 
I 30.9 7.0 9.0 

II 26.5 7.6 2.5 II 31.4 7.6 7.0 
III 27.2 7.8 3.8 III 31.5 7.5 10.5 

19/06/2017 
I 26.8 7.2 3.9 

03/09/2017 
I 31.0 7.2 8.9 

II 26.6 8.1 3.2 II 31.2 7.8 10.3 
III 27.0 7.8 4.2 III 31.6 7.4 7.5 

27/06/2017 
I 28.4 6.9 7.8 

13/09/2017 
I 30.1 7.1 6.7 

II 28.7 7.9 3.6 II 29.9 7.9 5.6 
III 29.1 7.8 7.1 III 30.3 7.4 7.6 

09/07/2017 
I 29.2 7.1 7.6 

20/09/2017 
I 30.1 7.2 5.2 

II 29.4 7.7 3.5 II 30.3 7.8 4.6 
III 29.2 7.8 6.9 III 30.1 7.9 3.8 

 Temp: Temperature.  DO: dissolved oxygen. 

 
Drip irrigation was the irrigation system in the area. For the four years old mandarin trees, drip 

irrigation system was established on both sides of the tree trunk at a distance of one meter. Each tree 
provided with two droppers (discharge 4L h-1) and the time of operation was 4 hours day-1 (32L tree-1 
throughout the period of study), farmyard manure at the rate of 47.6 m3 ha-1 and calcium super 
phosphate (15.5% P2O5) at the rate of 36.89 Kg P2O5 ha-1 were added during January as a common 
fertilizer applications under interplanting and sole cultures. During the growing season, the NPK were 
added at a rate of 71.4 and 142.8 kg N ha-1 in the form of ammonium nitrate (33.5% N) from Feb. to 
Oct. under interplanting or sole cultures with irrigation water treatments II and III, respectively. 
Phosphoric acid (60% P2O5) at the rate of 36.89 kg P2O5 ha-1 and potassium fertilizer in the form of 
potassium sulfate (48% K2O) at the rate of 114.24 Kg K2O ha-1 from March to Oct. under 
interplanting and sole cultures. Moreover, micronutrients (Fe 500 ppm, Mn 250 ppm and Zn 250 
ppm) were applied as foliar sprays 4 times per year i.e. in Apr., June, Aug. and Oct.  

For maize crop, calcium super phosphate (15.5% P2O5) was applied at rate of 36.89 and 73.78 
kg P2O5 ha-1 during soil preparation in the two summer seasons under interplanting and sole cultures. 
Nitrogen fertilizer in the form of ammonium nitrate (33.5% N) was added at a rate of 333.2 kg N ha-1 
under sole culture. Meanwhile, N fertilizer was added at a rate of 83.3 and 166.6 kg N ha-1 under 
interplanting culture with irrigation water treatments II and III, respectively. Potassium fertilizer in 
the form of potassium sulfate (48% K2O) was added at a rate of 57.1 kg K2O ha-1 as potassium sulfate 
under sole culture. Meanwhile, K fertilizer was added at a rate of 28.6 kg K2O ha-1 under interplanting 
culture.   
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A strip plot design with three replications was used in both seasons. Irrigation water treatments 
were randomly assigned to the vertical strips and cropping systems were allocated in the horizontal 
strips. Each strip plot area was 48 m2 (8 m in length and 6 m in width).  
The tested treatments were evaluated through the following parameters:  
I. Mandarin traits: Samples of ten fruits per tree were collected at the same date of harvesting maize 
plants from each plot to determine some fruit traits; fruit weight (g) and fruit volume (cm3), while 
traits of total soluble solids (T.S.S. %) of the fruit, which determined by using Zeiss hand 
refractometer, fruit yield per tree (kg) and fruit yield ha-1 (ton) were obtained at the harvest of 
mandarin trees.    
II. Maize traits: At harvest, the following traits were measured on ten plants from each strip plot: 
plant height (cm), stem diameter (cm), number of ears plant-1, ear length (cm), ear diameter (cm), ear 
weight (g) and grain yield plant-1 (g). Biological and grain yields ha-1 (ton) were recorded on the basis 
of experimental strip plot area by harvesting all plants of each strip plot.  
 
III. Competitive relationships  
 
1. Land equivalent ratio (LER): LER is the ratio of area needed under sole cropping to one of 
interplanting at the same management level to produce an equivalent yield (Mead and Willey, 1980). 
LER is calculated as follows: LER = (Yab/Yaa) + (Yba/Ybb), where Yaa= Pure stand yield of crop a 
(mandarin), Ybb= Pure stand yield of crop b (maize), Yab= Interplant yield of crop a (mandarin) and 
Yba= Interplant yield of crop b (maize).  
 
2. Water equivalent ratio (WER): it quantifies the amount of water that would be needed in single 
crops to achieve the same yield as produced with one unit of water in intercrop and it is calculated 
according the formula of Mao et al. (2012) as followed: 
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Where: Yint,c and Yint,m are the yield of intercropped maize and mandarin. WUint is water consumptive 
use by the intercropped crops. Ymono,c and Ymono,m are the yield of mono maize and mandarin. WUmono,c 

and WUmono,m are water consumptive use by mono maize and mandarin, respectively.  
If the WER ＞ 1, it suggests that the water utilization of intercropping is higher than that of 

monoculture. If WER ＜ 1, it shows that water utilization of intercropping is lower than that of 
monoculture. The applied irrigation water and water consumptive use under the three intercropping 
systems were calculated using BISm model (Snyder et al., 2004). 
 
3. Aggressivity (Agg): Agg, which represents a simple measure of how much the relative yield 
increase in one crop is greater than the other in an intercropping system (Willey, 1979), was 
calculated as follows: Aab = [Yab / (Yaa x Zab)] – [Yba / (Ybb x Zba)] ; Aba = [Yba / (Ybb x Zba)] – [Yab  / 
(Yaa x Zab)], Where Yaa = Pure stand yield of crop a (mandarin); Ybb = Pure stand yield of crop b 
(maize); Yab = interplant yield of crop a (mandarin); Yba = Interplant yield of crop b (maize); Zab = 
The respective proportion of crop a in the interplanting system (mandarin); Zba = The respective 
proportion of crop b in the interplanting system (maize).  
 
IV. Economic evaluation  
 
1. Economic return (US$ ha-1): The economic return was calculated as multiplying the yield × its 
unit price (US$). Maize grains and mandarin fruits prices presented by market price (2017) were used. 
Net returns were calculated by subtraction the sum of fixed cost of mandarin plus variable costs of 
both crops. Market prices of crops are US$ 194 ton-1 (US$ = LE 18) for mandarin fruits and US$ 200 
ton-1 for maize grains.  
2. Monetary Advantage Index (MAI): it suggests that the economic assessment should be in terms 
of the value of land saved; this could probably be most assessed on the basis of the rentable value of 
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this land. MAI was calculated according to the formula, suggested by Willey (1979). MAI= [Value of 
combined intercrops x (LER–1)]/LER. 
 
Statistical Analysis 

Analysis of variance of the obtained results of each season was performed. The measured 
variables were analyzed by ANOVA using MSTATC statistical package (Freed, 1991). Mean 
comparisons were performed using the least significant differences (LSD) test with a significance 
level of 5% (Gomez and Gomez, 1984). 

 
Results and Discussion 
 
I. Mandarin traits  

1. Irrigation water treatments  
All the studied mandarin traits were affected significantly by the application of irrigation water 

treatments in both seasons (Table 4). Fruit weight and volume, fruit yields per tree and per ha were 
increased significantly by application of irrigation water treatment (II) or (III), meanwhile the 
opposite trend for these traits were achieved by application of irrigation water treatment (I) in both 
seasons. It is expected that the half rate of mineral N fertilizer interacted positively with each of fish 
waste water and the conventional water to contribute in increasing water quality by reducing water 
temperature than irrigation water treatment (I) or (III). This biological situation may be altered the 
dynamics of organic matter turnover and the rate of nutrient cycling within the soil which can 
contribute to soil quality by aggregate stability and soil porosity, water-holding capacity and cation 
exchange capacity that reflected on suitable pH in the soil solution for mandarin trees throughout the 
year. Although irrigation water treatment (I) had high quantity of N (Table 2) but this treatment was 
not sufficient to meet plant full needs from N as a result of decreasing pH (Table 3). The presence of 
acidic and basic functional groups on the surface of the adsorbates influences pH changes (Ramaraju 
et al., 2014) that determines the adsorption capacity as it affects the surface property of 
the adsorbent (Anijiofor et al., 2018). 
It is known that pH is an important factor in determining the suitability of water for irrigating 
plants. pH is a measure of the concentration of hydrogen ions (H+) in water.  

According to Mattson (1995), the normal pH range for irrigation water is from 6.5 to 8.4. 
Irrigation water with a pH outside the normal range may cause a nutritional imbalance or may contain 
a toxic ion. Irrigation water tests should always include both pH and alkalinity tests. A pH test by 
itself is not an indication of alkalinity.   

Irrigation water treatment (I) or (III) gave higher T.S.S.% of mandarin fruit yield than 
irrigation water treatments (II) in both seasons (Table 4). These results could be attributed to irrigation 
water treatment (III) had higher DO (Table 3) than those of irrigation water treatments (I) and (II) 
which reflected positively on high percentage of oxygen that translated into T.S.S.% during fruit 
growth and development.  

These results show that application of irrigation by 50% of fish waste water + 50% of the 
conventional water with addition of 50% of the recommended mineral N fertilizer rate increased 
absorption of N by the roots which reflected positively on growth and development of mandarin trees. 
Healthy roots with a good supply of oxygen have better respiration and are able to selectively absorb 
more ions in solution, such as the vital mineral salts N, P and K (Becker, 2016). Although irrigation 
water treatment (III) had higher DO than those of irrigation water treatment (II) (Table 3), but 
irrigation water treatment (II) had lower temperature and N than those of irrigation water treatment 
(III) which confirms the continued presence of oxygen in rizosphere of mandarin roots and therefore 
increase in N uptake over long periods.  

Consequently, the resulted increase in yield as kg/tree could be attributed to appropriate 
vegetative growth and improved nutritional status of the irrigated trees by irrigation water treatment 
(II). These data are in accordance with those obtained by Wassel et al. (2007) on Balady mandarin. 
Moreover, Atom (2013) and Abed El-Hamied (2014) found that the fertilized citrus tree grown in 
sandy soil with organic and bio-fertilization improved soil properties compared to conventional 
fertilizers. It is known that smaller fruits tended to exhibit a higher soluble solids concentration than 
their larger counterparts (Mattos et al., 2017).  
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Table 4: Effect of irrigation water treatments, cropping systems and their interactions on mandarin fruit yield and its attributes in both seasons.   

Irrigation water 
treatment 

Cropping system 
Fruit weight (g) Fruit volume (cm3) T.S.S. (%) Fruit yield tree-1 (kg) Fruit yield ha-1 (ton) 

1st 
Season 

2nd 
Season 

1st 
Season 

2nd 
Season 

1st 
Season 

2nd 
Season 

1st 
Season 

2nd 
Season 

1st 
Season 

2nd 
Season 

(I) 

Interplanting culture 43.45 44.03 15.38 15.76 12.5 12.8 15.53 15.82 12.27 12.54 

Sole culture 43.86 44.28 15.29 15.91 12.8 12.8 15.66 16.04 12.40 12.78 

Mean 43.65 44.15 15.33 15.83 12.6 12.8 15.59 15.93 12.33 12.66 

(II) 

Interplanting culture 46.72 46.84 16.03 16.73 11.5 11.8 16.48 16.63 13.38 13.49 

Sole culture 47.04 47.09 16.22 16.78 11.7 12.0 16.63 16.81 13.64 13.63 

Mean 46.88 46.96 16.12 16.75 11.6 11.9 16.55 16.72 13.51 13.56 

(III) 

Interplanting culture 46.61 46.74 15.92 16.65 12.4 12.8 16.42 16.58 13.33 13.37 

Sole culture 46.97 47.03 16.11 16.73 12.7 12.6 16.54 16.72 13.56 13.52 

Mean 46.79 46.88 16.01 16.69 12.5 12.7 16.48 16.65 13.44 13.44 

Average of 
cropping systems  

Interplanting culture 45.59 45.87 15.77 16.38 12.1 12.4 16.14 16.34 12.99 13.13 

Sole culture 45.95 46.13 15.87 16.47 12.4 12.4 16.27 16.52 13.20 13.31 

L.S.D. at 5%  Irrigation water treatments 
L.S.D. at 5% Cropping systems 
L.S.D. at 5% Interaction 

2.02 
N.S. 
N.S. 

1.67 
N.S. 
N.S. 

0.64 
N.S. 
N.S. 

0.56 
N.S. 
N.S. 

0.76 
N.S. 
N.S. 

0.71 
N.S. 
N.S. 

0.68 
N.S. 
N.S. 

0.53 
N.S. 
N.S. 

0.87 
N.S. 
N.S. 

0.75 
N.S. 
N.S. 

- (I): 100% of fish waste water without addition of mineral N fertilizer.  
- (II): 50% of fish waste water + 50% of the conventional irrigation water with addition of 50% of the recommended mineral N fertilizer rate. 
- (III): 100% of the conventional irrigation water with addition of 100% of the recommended mineral N fertilizer rate. 
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2. Cropping systems 
All the studied mandarin traits were not affected significantly by the cropping systems in both 

seasons (Table 4). Obviously, genetic makeup of maize plants did not have sufficient capacity to 
influence growth development and yielding ability of mandarin trees. 

 
3. The interaction between irrigation water treatments and cropping systems. 

The interaction between irrigation water treatments and cropping systems had no significant 
effects on all the studied mandarin traits in both seasons (Table 4). These data reveal that each of 
these two factors act independently on fruit weight and volume, fruit yields per tree and per ha, as 
well as T.S.S.   

 
II. Maize traits  
 

1. Irrigation water treatments  
All the studied maize traits were affected significantly by application of irrigation water 

treatments in both seasons except plant height, stem diameter and biological yield (Table 5). Number 
of ears per plant, ear length, diameter and weight, as well as grain yield increased significantly by 
application of irrigation water treatment (II) compared with the other irrigation water treatments in 
both seasons (Table 5). In other words, 50% of fish waste water + 50% of the conventional water with 
addition of 50% of the recommended mineral N fertilizer rate gave the highest maize traits compared 
with those of the other irrigation treatments in both seasons 

Although irrigation water treatment (III) increased yield attributes of maize, but this increase 
did not counterbalance the superiority in yield attributes of maize that treated by irrigation water 
treatment (II). 

Application of 50% of fish waste water + 50% of the conventional water with addition of 50% 
of the recommended mineral N fertilizer level had positive effect on N uptake and translocation into 
different tissues of plant as a result of increasing pH which could form moderate levels of alkalinity 
that can be an important source of calcium (Ca) and Mg (Mattson, 1995). It is known that Mg is the 
central atom in chlorophyll pigment which correlated positively with photosynthesis process. 
Nitrogen in the fish effluent must have partially supplied nutrient requirements for maize growth 
(Brummett, 2016).  On the other hand, full level of fish waste water did not meet the full needs of 
maize crop from N which decreased yield attributes and thereby economic yield per unit area as a 
result of decreasing pH (Table 3) that restricted N availability for maize roots. It is obvious that the 
full level of fish waste water had negative effects on yield attributes of maize probably due to low 
level of O which affects negatively absorption of N, P and K (Becker, 2016). Thus, it seems that the 
half level of fish waste water may contributed positively to soil microbiological attributes (Araujo et 
al., 2019) which played an important role in the continuous flow of N to rhizosphere of maize roots 
than the full level of fish waste water.  

   
2. Cropping systems 

All the studied maize traits were affected significantly by cropping systems in both seasons 
except plant height and stem diameter (Table 5). Interplanting maize with mandarin trees produced 
higher number of ears per plant, ear length, diameter and weight, meanwhile the reverse was true for 
biological and grain yields. These results may be due to increase in inter-row tree spacing led to 
mitigate competition for basic growth resources between the two species particularly light (Huxley 
1999) which permitted more light that translated into dry matter accumulation during photosynthetic 
process of maize. However, maize plant density of interplanting was not sufficient to produce high 
grain yield per ha. In other words, ear characteristics was enhanced as a result of differences in 
competitive ability for growth resources between the component crops (Tsubo et al., 2001). These 
results are in accordance with those obtained by Thevathasan and Gordon (2004) who documented an 
average of 20–25% yield reduction per unit land area for maize intercropped between up to 10 tree 
species when compared to yield recorded in conventional monocropping. 
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Table 5: Effect of irrigation water treatments, cropping systems and their interactions on maize growth, yield and its attributes in both seasons.     

Irrigation water 
treatment 

Cropping system 
Plant height 

(cm) 

Stem 
diameter 

(cm) 

No. of ears 
plant-1 

Ear length 
(cm) 

Ear 
diameter 

(cm) 

Ear  weight 
(g) 

Grain yield 
(ton ha-1) 

Biological 
yield 

(ton ha-1) 
 1st Season 

(I) 
Interplanting culture 163.75 1.58 1.10 21.11 4.58 150.66 3.71 10.88 

Sole culture 168.20 1.46 1.00 19.66 4.16 140.16 6.90 22.02 
Mean 165.97 1.52 1.05 20.38 4.37 145.41 5.30 16.45 

(II) 
Interplanting culture 170.00 1.77 1.25 23.09 4.78 172.33 4.88 13.06 

Sole culture 171.75 1.70 1.20 20.54 4.42 161.25 8.37 23.98 
Mean 170.87 1.73 1.22 21.81 4.60 166.79 6.62 18.52 

(III) 
Interplanting culture 168.00 1.65 1.15 22.75 4.71 164.33 4.44 12.85 

Sole culture 169.65 1.55 1.10 20.69 4.34 152.33 7.87 23.87 
Mean 168.82 1.60 1.12 21.72 4.52 158.33 6.15 18.36 

Average of 
cropping 
systems  

Interplanting culture 167.25 1.66 1.16 22.31 4.69 162.44 4.34 12.26 

Sole culture 169.86 1.57 1.10 20.29 4.30 151.24 7.71 23.29 

L.S.D. at 5%  Irrigation water treatments  
L.S.D. at 5% Cropping systems 
L.S.D. at 5% Interaction    

N.S. 
N.S. 
N.S. 

N.S. 
N.S. 
N.S. 

0.10 
0.04 
N.S. 

1.19 
0.96 
N.S. 

0.19 
0.07 
N.S. 

7.13 
6.48 
7.81 

0.43 
0.25 
0.56 

N.S. 
4.75 
N.S. 

 2nd Season 

(I) 
Interplanting culture 165.50 1.57 1.10 22.05 4.70 161.15 3.86 11.10 

Sole culture 169.00 1.46 1.05 20.18 4.30 149.49 7.17 22.20 
Mean 167.25 1.51 1.07 21.11 4.50 155.32 5.51 16.65 

(II) 
Interplanting culture 172.50 1.83 1.30 23.28 4.90 180.00 5.00 13.07 

Sole culture 175.00 1.71 1.25 20.87 4.55 168.16 8.73 22.61 
Mean 173.75 1.77 1.27 22.07 4.72 174.08 6.86 17.84 

(III) 
Interplanting culture 171.00 1.71 1.25 23.05 4.85 172.33 4.53 12.71 

Sole culture 173.00 1.64 1.15 20.92 4.50 158.16 7.98 22.46 
Mean 172.00 1.67 1.20 21.98 4.67 165.24 6.25 17.58 

Average of 
cropping 
systems 

Interplanting culture 169.66 1.70 1.21 22.79 4.81 171.16 4.46 12.29 

Sole culture 172.33 1.60 1.15 20.65 4.45 158.60 7.96 22.42 

L.S.D. at 5%  Irrigation water treatments  
L.S.D. at 5% Cropping systems 
L.S.D. at 5% Interaction    

N.S. 
N.S. 
N.S. 

N.S. 
N.S. 
N.S. 

0.06 
0.03 
N.S. 

0.72 
0.55 
N.S. 

0.15 
0.06 
N.S. 

6.97 
5.56 
7.62 

0.39 
0.22 
0.47 

N.S. 
3.33 
N.S. 
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3. The interaction between irrigation water treatments and cropping systems. 
The interaction between irrigation water treatments and cropping systems had significant 

effects on ear weight and grain yield per ha in both seasons (Table 5).  Irrigation water treatment (II) 
in interplanting maize with mandarin trees had higher ear weight than the other treatments, meanwhile 
the highest grain yield per ha was obtained by sole culture of maize with application of irrigation 
water treatment (II) compared with the others. These results may be due to maize plant density of 
interplanting that reached 50% of sole culture integrated positively with irrigation water treatment (II) 
to form suitable climatic and edaphic environmental conditions for enhancing efficiency of 
photosynthetic process that was reflected on ear weight. These results imply that cropping systems 
responded differently to irrigation water treatments for ear weight and grain yield.  

 
III. Competitive relationships  
 
1. Land equivalent ratio (LER) 

The values of LER were estimated by using data of recommended sole cultures of both crops. 
LER of more than 1.00 indicates yield advantage, equal to 1.00 indicates no gain or no loss and less 
than 1.00 indicates yield loss (Vendermeer, 1989). It can be used both for replacement and additives 
series of interplanting. The results obtained were strongly coincided with the definition of LER. The 
total LER values were greater than unity in all the studied treatments (Table 6). LER ranged from 
1.528 by interplanting maize with mandarin trees with application of irrigation water treatment (I) to 
1.564 by interplanting maize with mandarin trees with application of irrigation water treatment (II) in 
the first season. Also, LER ranged from 1.519 by interplanting maize with mandarin trees with 
application of irrigation water treatment (I) to 1.563 by interplanting maize with mandarin trees with 
application of irrigation water treatment (II) in the second one. LER of 1.564 indicates that the planted 
area to sole cultures would need to be 56% greater than the planted area to produce the same 
combined yields (i.e. 56% more land would be required as a sole crop to produce the same yield as 
interplanting). 

The advantage of the highest LER by interplanting maize with mandarin trees with application 
of irrigation water treatment (II) may be due to canopy structure of maize cultivar S.C. 129 was more 
compatible with mandarin growth and development. This positive effect was enhanced by decreasing 
plant density of maize to 50% of the recommended sole culture indicating the complementary 
interactions between the two species for basic growth resources were occurred under irrigation water 
treatment (II). This biological situation led to an increase in relative yield of both species and 
consequently LER than the other treatments. 
 
Table 6: Land equivalent ratio, water equivalent ratio and aggressivity of interplanting maize with 

mandarin trees under three irrigation water treatments in both seasons. 
Irrigation 

water 
treatment 

LER WER Aggressivity 

Lm Lc  Total Wm Wc Total Aggm Aggc 

 First season   
(I) 0.990 0.538 1.528 0.983 0.537 1.520 -0.152 +0.152 
(II) 0.981 0.583 1.564 0.989 0.570 1.559 -0.303 +0.303 
(III) 0.983 0.564 1.547 0.985 0.567 1.552 -0.242 +0.242 

 Second season 
(I) 0.981 0.538 1.519 0.992 0.539 1.531 -0.167 +0.167 
(II) 0.990 0.573 1.563 0.983 0.580 1.563 -0.258 +0.258 
(III) 0.989 0.568 1.557 0.986 0.566 1.553 -0.244 +0.244 

 
2. Water equivalent ratio (WER) 

Results in Table (6) showed that the values of WER followed the same trend as the values of 
LER, where its value was higher for mandarin compared to maize in both growing seasons. The table 
also indicated that the highest value of WER for mandarin, maize and the total value were obtained 
from the second irrigation treatment in both growing seasons. The highest values of total WER were 
obtained in the second growing season, as a result of higher mandarin and maize yield. Feng et al., 
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(2016) indicated that if the value of WER is higher than 1.0, it suggests that the water utilization of 
intercropping is higher than that of monoculture. Thus, our results showed that the values of WER 
were increased by 56% under the application of the second irrigation treatments in both growing 
seasons.   

 
3. Aggressivity (Agg) 

Data in Table (6) showed that maize was the dominant component in all treatments in both 
seasons. The best results for Agg were achieved by interplanting maize with mandarin trees with 
application of irrigation water treatment (I). Mandarin was the dominated component. The present 
results indicated clearly that the competition of maize to mandarin with application of irrigation water 
treatment (I) is less than the competition between them with application of irrigation water treatment 
(II). These results could be due to slow growth of mandarin trees enhanced maize plants to greatly 
benefit from basic growth resources especially solar radiation which explained the appearance of 
positive sign for maize plants. These results reveal that interplanting maize with mandarin trees with 
application of irrigation water treatment (II) increased the competitive pressure between them on basic 
growth resources which reflected on interplanting advantages.  

 
IV. Economic advantage 
 
1. Total and net returns  

The financial return of interplanting maize with mandarin trees compared with sole culture of 
mandarin is shown in Table (7). Total return of interplanting maize with mandarin trees varied 
between treatments from US$ 3122 to 3571 ha-1 compared with sole culture of mandarin (US$ 2630 
ha-1) in the first season.  

Also, total return of interplanting maize with mandarin trees varied between treatments from 
US$ 3204 to 3617 ha-1 compared with sole culture of mandarin (US$ 2622 ha-1) in the second one.  

Meanwhile, net return of interplanting maize with mandarin trees varied between treatments 
from US$ 2763 to 3099 ha-1 compared with sole culture of mandarin (US$ 2470 ha-1) in the first 
season. Also, net return of interplanting maize with mandarin trees varied between treatments from 
US$ 2845 to 3145 ha-1 compared with sole culture of mandarin (US$ 2462 ha-1) in the second one. 
Net return of interplanting maize with mandarin trees with application of irrigation water treatment 
(II) recorded the highest net return in comparison with the other treatments in the two growing 
seasons. These results reveal that interplanting maize with mandarin trees is more profitable for 
Egyptian mandarin growers especially under irrigation water treatment (II) than sole culture of 
mandarin. 

 
Table 7: Economic evaluation of interplanting maize with mandarin trees under three irrigation water 

treatments in both seasons.  
                              Traits 

Treatments    
Economic return (US$ ha-1) 

MAI 
Mandarin   Maize  Total   Net  

First season   
Interplanting culture  
(I) 

 
2380 

 
742 

 
3122 

 
2763 

 
380 

(II) 2595 976 3571 3099 1251 
(III) 2586 888 3474 2984 1193 
Sole culture of mandarin trees  2630 --- 2630 2470 --- 

Second season  
Interplanting culture  
(I) 

 
2432 

 
772 

 
3204 

 
2845 

 
486 

(II) 2617 1000 3617 3145 1313 
(III) 2593 906 3499 3009 1248 
Sole culture of mandarin trees  2622 --- 2622 2462 --- 
Prices of crops: US$ 194 per ton for mandarin fruits and US$ 200 per ton for maize grains.  
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2. Monetary advantage index (MAI)   
The economic performance of interplanting was evaluated to determine if maize and mandarin 

combined yields are high enough for the farmers to adopt this system. The averages of MAI values of 
interplanting maize under mandarin trees with application of irrigation water treatment (II) were 
higher than the other treatments (Table 7). Differences between the highest and the lowest values 
were US$ 871 in the first season and US$ 827 in the second one. Growing maize with mandarin trees 
with application of irrigation water treatment (II) was mainly influenced by the price of harvested 
economic yield, resulted in high MAI and could be recommended.  

 
Conclusion 

It can be concluded that interplanting maize with mandarin trees with irrigation by 50% of fish 
waste water + 50% of the conventional water with addition of 50% of the recommended mineral N 
fertilizer rate produced high land equivalent ratio, water equivalent ratio and agro-economic 
feasibility under sandy soil conditions. Applying system (II) lead to rationalizing and saving of about 
50% of amount of irrigation water and mineral N fertilization per ha with increasing average of land 
and water equivalent ratios by 56% and economic net return by 27% compared with sole culture of 
mandarin. This could increase average of farmers net return by US$ 656 ha-1 (LE 4961 fed-1) and 
improve welfare of farmers. 
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