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wo intercropping patterns of onion (ON) with sugar beet (SB) 

namely (ON ridge: ridge SB) and (side: side "ON+SB ridge: ridge 

SB alone") were carried out to investigate their effect on severity of 

four foliar diseases. The target diseases were downy mildew and 

purple blotch of onion, as well as Cercospora leaf spot and rust of 

sugar beet under natural infection under field conditions at Damietta 

Governorate in 2016/17 and 2017/18. Also, the advantage of the two 

intercropping patterns on yield production of both tested crops, as well 

as land equivalent ratio (LER) was evaluated. The two intercropping 

patterns significantly decreased disease severity of both downy 

mildew and purple blotch of onion, as well as, Cercospora leaf spot 

and rust diseases of sugar beet compared to monoculture cultivation of 

each crop in the two seasons. Intercropping patterns of onion: sugar 

beet, i.e. (1 ridge ON: 3 ridges SB) and (1ON: 1SB alternately) were 

the most superior in decreasing disease severity of both onion downy 

mildew and purple blotch diseases. However, intercropping pattern (3 

ridges ON:1 ridge SB) and (1ON: 1SB alternately) were the most 

effective patterns for decreasing both Cercospora leaf spot and rust 

diseases of sugar beet in the two growing seasons. On the other hand, 

intercropping patterns onion (ON) with sugar beet arranged by side to 

side, i.e. (1 ridge ON+SB: 3 ridges SB alone) and (2 ridges ON+SB: 2 

ridges SB alone) were the best patterns for decreasing both onion 

foliar diseases, meanwhile, intercropping patterns (4 ridges ON+SB: 

no ridges with SB alone) and (3 ridges ON+SB: 1 ridge SB alone were 

the most superior ones for reducing severity of  both Cercospora leaf 

spot and rust diseases during the two seasons. The highest severity of 

the four tested foliar diseases of the two different intercropping 

patterns was recorded when either onion or sugar beet was cultivated 

alone in both seasons. On the other side, most treatments of the two 

intercropping patterns maximized yield production of onion bulb and 

sugar beet root yield, and increased land equivalent ratio (LER) 

compared to each crop cultivated alone with few exceptions. Ridge: 

ridge pattern of (1 ON ridge:1 SB ridge alternately) was the best one 

for maximizing either onion bulb or sugar beet root yields. However, 

the patterns of (side: side) were (3 ridges ON+SB: 1 ridge SB alone) 
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and (1 ridge ON+SB: 3 ridges SB alone) were the best for increasing 

onion bulb yield and root yield of sugar beet, respectively, in both 

seasons. The results concluded that onion and sugar beet intercropping 

could be beneficial in reducing foliar diseases and increasing yield of 

both crops with a maximized LER and economic return for the farmer 

compared to each crop cultivated alone.  

Keywords: Onion, Sugar beet, intercropping, foliar diseases, yield, 

LER. 

Due to growing human population in Egypt, the demand for the different food 

products is far beyond excess of supplies, which created food security gap. One of 

the main problems associated with the Egyptian Agricultural system is the low size 

of cultivated land per farmer. In average, 42.9% of the farmers own or work in field 

one feddan (4200 m
2
) or less (Ahmed et al., 2009). On the other hand, agricultural 

land for the production of different crops is becoming scarce. Thus, there is an 

increasing need to maximize the land usage to accelerate productivity gains, which 

may help in decreasing the food security gap (Salama et al., 2016). In terms of land 

use, intercropping (growing crops in mixed stands) cultivation greatly contributes to 

crop production by its effective utilization of resources, as compared to the 

monoculture cropping system (Zhang and Li, 2003). Intercropping system, as an 

element of sustainable agriculture is regarded as more productive crop raising 

system than growing them separately (Kumar et al., 2014). Common advantages of 

different forms of intercropping are intensification of crop production and exploiting 

more efficiently environments with limiting or potentially limiting growth resources 

(Trenbath, 1993). Other advantages associated with intercropping are better weed 

management  and pest control (Raheja, 1977), assurance against failure of crop 

(Kumar et al., 2014), reduced fertilizer requirement (Gao et al., 2014) and better soil 

fertility and soil conservation (Zhang and Li, 2003) than sole cropping. The choice 

of the component crops in the intercropping cultivation is crucial. Under 

intercropping system, attention should be given to the crops that can grow together 

with minimal competition and maximum profit (Abou khadra et al., 2013 and Abdel 

Motagally and Metwally, 2014). Among the important crops in the Egyptian 

agricultural system are the onion and sugar beet crops.  

Onion (Allium cepa L.), rightly called “queen of kitchen”, is one of the oldest 

known and one of the important crops grown in Egypt and many countries of the 

world.  In addition, it has been reported to be rich in phytochemicals especially 

medicinal flavonols (Javadzadeh et al., 2009). Egyptian onion is exported to many 

countries of the world and this crop is greatly desired for its good quality and early 

appearance in the foreign markets. The total cultivated area of onion crop in Egypt is 

about 196509 fed. in 2017 (Anon., 2017), produced about 2951000 tons with average of 

15.02 ton/fed.. The area distributed in Lower Egypt was 73%, 17% in middle Egypt and 

10% in Upper Egypt.  
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Sugar beet (Beta vulgaris L.) is one of the two important sugar crops worldwide. 

Recently sugar beet surpassed sugar cane in sugar productivity and became the first 

source of sugar production in Egypt compared to sugar cane. Area of sugar beet had 

increased significantly, by approximately 25.6%, during the last 35 years in Egypt 

(Salama et al., 2016). Consequently, the contribution of sugar beet to sugar 

production in Egypt largely increased to reach 35.5 % of the total sugar production 

in 2012 (Abdel Motagally and Metwally, 2014). The total cultivated area of sugar beet 

in Egypt is about 608 thousand fed. at the season 2018: 2019, produced  about 

12,247,170 ton beet and 1,528,270 ton sugar (Anonymous, 2019). However, 

production of sugar is not enough, so the agricultural policy has been given much 

attention to grow sugar beet to narrow the gap between consumption and production. 

Increasing the sugar yield per unit area of sugar crops is thus, a national demand and 

could be achieved by adopting suitable cultural practices and applying intercropping 

An agronomic advantage had been demonstrated when onion and/or sugar beet 

were intercropped with other winter crops. Onion was intercropped with sugar beet 

(Abdel Motagally and Metwally, 2014), faba been (El Refaey et al., 2018 and Ali 

and Albayati, 2018), or with rape seed, kale, fenugreek, lentil, linseed, black cumin 

and dill (Getahun et al., 2018). On the other hand, sugar beet was intercropped with 

onion and garlic (El-Mansoub et al., 2010, Abdel Motagally and Metwally, 2014 

and Badawy, and Shalaby, 2015), wheat, barley, lentil or faba bean (Ismail et al., 

2005; Gadallah et al., 2006; El-Mansoub et al., 2010; Abou khadra et al., 2013; 

Usmanikhail et al., 2013 and Salama et al., 2016). 

Several factors have been identified for the low productivity of both onion and 

sugar beet crops in Egypt. The most important factors responsible for the reduced 

productivity of onion are the foliar diseases like downy mildew, purple blotch and 

Stemphylium leaf blight. Downy mildew of onion caused by Peronospora 

destructor [Berk.] Caspary and purple blotch caused by Alternaria porri (Ellis) Cif., 

are the most prevalent and dangerous foliar diseases worldwide and cause the major 

problems of onion production in Egypt (Abdel-Megid et al. 2001 and Mahmoud et 

al.  2013). However, yield losses reached about 12-75% in case of downy mildew 

depending upon growth stage of plants affected and severity of disease (Sugha and 

Singh, 1991), meanwhile, the yield loss of onion due to purple blotch under 

favorable conditions varies from 5.0 to 96.5 % (Gupta and Pathak, 1988) and 97 % 

(Lakra, 1999). These losses mainly result from severe infections in bulb onion crops 

causing early defoliation, reduced bulb sizes, and poor storage quality of bulbs 

(Surviliene et al., 2008). Downy mildew can cause serious losses within a short 

period of time during cool and humid weather conditions (Hoffmann et al., 1996). 

However, high relative humidity up to 100% and temperature range from 20 to 28
o
C 

were optimum for infection by purple blotch (Kumar, 2007). 

Meanwhile, many pathogenic fungi attack growing sugar beet plants causing 

serious diseases under field conditions. Foliar diseases i.e. Cercospora leaf spot 
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(CLS) caused by Cercospora beticola and rust caused by Uromyces betae are the 

most important foliar disease of sugar beet (Ata, 2005; El-Fiki et al., 2007; El-

Mansoub et al., 2010 and El-Mansoub et al., 2017). Since the two fungi can damage 

the leaves, it adversely impacts the photosynthetic capacity of plants and reduces 

yield and result in higher impurities in the juice which reduces sucrose extraction, as 

well as, induce changes in the biochemical constituents like amino acids, phenols 

and sugar which may affect quality and yield (Ata, et al., 2005; El-Fiki et al., 2007 

and Ata, 2014).   

The present study was carried out mainly to evaluate the relative advantage of 

two intercropping patterns of sugar beet with onion crops on severity of downy 

mildew and purple blotch in onion, as well as Cercospora leaf spot and rust diseases 

in sugar beet, as well as on productivity of both crops and land equivalent ratio 

(LER). 

M a t e r i a l s  a n d  M e t h o d s  

Two field experiments were carried out in 2016/2017 and 2017/2018 growing 

seasons at Farascor county, Damyatta Governorate, to study the effect of the two 

different intercropping patterns of sugar beet with onion on severity of downy 

mildew and purple blotch in onion, as well as, Cercospora leaf spot and rust in sugar 

beet, and on productivity of both crops. Randomized complete blocks design with 

three replications was used. The area of each plot was 10.5 m
2
 (3 m length x 3.5 m 

width included 4 ridges). 

Intercropping patterns: 

Two intercropping patterns were used in this investigation and were arranged as 

follows: 

1- Ridge to ridge intercropping pattern: 

Ridges in plots were planted alternatively with sown seeds of sugar beet on some 

ridges and after 20-25 days onion transplants were transplanted on both sides of 

ridges, 7-10 cm between hills on other ridges to perform the different intercropping 

patterns were arranged as follows: 

1- Sugar beet was intercropped with onion at rate 1:1 (ridge/ridge). 

2- Sugar beet was intercropped with onion at rate 2:2 (ridge/ridge). 

3- Sugar beet was intercropped with onion at rate 3:1 (ridge/ridge). 

4- Sugar beet was intercropped with onion at rate 1:3 (ridge/ridge). 

5- Sole sugar beet plants (sugar beet planted alone). 

6- Sole onion plants (onion planted alone). 

2- Side to Side of the same ridge intercropping pattern: 

Seeds of sugar beet crop (SB) were planted in one side of the ridge and of four 

ridges then after 20-25 days onion transplants (ON) were transplanted into another 
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side of the ridge to perform the different intercropping patterns were arranged as 

follows: 

1- Intercropping onion on another side of one sugar beet ridge and leaving ridge 

three without intercropping (1 ridge ON+SB: 3 ridges SB alone). 

2- Intercropping onion on another side of two sugar beet ridges and leaving two 

ridges without intercropping (2 ridge ON+SB: 2 ridge SB alone).  

3- Intercropping onion on another side of three sugar beet ridges and leaving one 

ridge without intercropping (3 ridge ON+SB: 1 ridge SB alone).  

4- Intercropping onion on another side of all sugar beet (4 ridges ON+SB: without 

ridges SB alone).  

5- Sugar beet planted alone of the four ridges on one side of each ridge. 

6- Onion planted alone of the four ridges on both sides of each ridge. 

Sugar beet seeds (cv. Sultan) were sown during the first week of November in 

both seasons, while onion seedlings (cv. Giza 20) were transplanted after 20-25 days 

in both seasons. Agricultural practices (irrigation and fertilization) were practiced as 

recommended. 

Disease severity of onion downy mildew and purple blotch was recorded after 

three and four months from planting, respectively, according to the method 

described by Townsend and Heuberger (1943). However, Cercospora leaf spot and 

rust disease severity values were estimated using modified scale according to Shane 

and Teng (1992) and modified Cobb's scale (Peterson et al., 1948), respectively at 

harvest time.  

Also, onion bulb yield (kg/plot) and sugar beet root yield (kg/plot) were 

determined under the different intercropping patterns at harvest and were estimated 

as expected yield (ton/fed.) of both yield crops.  

Land Equivalent Ratio (LER): 

Land Equivalent Ratio (LER) was estimated according tom Willey (1979) using 

the following formula:  

LER = yab/ yaa + yba / ybb 

Where:  

Yaa = pure stand yield of species a (onion).  

Ybb= pure stand yield of species b (sugar beet).  

Yab = mixture yield of a (when combined with b)  

Yba = mixture yield of b (when combined with a).  

Statistical Analysis: 

All data were statistically analyzed using analysis of variance (ANOVA) with 

the Statistical Analysis System MSTAT–C Statistical Packing (Freed 1991). 

Probabilities equal to or less than 0.05 were considered significant. If ANOVA 

indicated differences between treatment means LSD test was performed according to 

Steel and Torrie (1980). 
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R e s u l t s  

I- Effect of  two intercropping patterns of onion with sugar beet on onion and sugar 

beet foliar diseases under field conditions during 2016/2017 and 2017/2018:  

1.1- Ridge to ridge intercropping patterns: 

1.2- Effect on onion downy mildew or purple blotch disease severity: 

Data shown in Table (1) reveal that all intercropping patterns, i.e. (1:1), (2:2), 

(1:3) and (3:1) (ridge/ridge) significantly decreased the severity of both downy 

mildew and purple blotch diseases compared to onion cultivation alone during the 

two seasons. Intercropping patterns of onion: sugar beet, i.e. (1:3) was the best 

intercropping pattern in decreasing the severity of  both downy mildew and purple 

blotch diseases, followed by (1:1 alternately) without significant differences 

between them, however pattern of (2:2), came next in this respect in two successive 

seasons 2016/2017 and 2017/2018. On the other hand, pattern of onion: sugar beet 

(1:3) was the least one in decreasing both onion diseases, compared to onion 

cultivation alone which gave the highest disease severity of both onion foliar 

diseases in two growing seasons. 

Table (1): Effect of intercropping sugar beet with onion by ridge to ridge 

patterns on downy mildew and purple blotch severity (%) under field 

conditions during 2016/ 2017 and 2017/ 2018.  

Intercropping pattern 

(ridge/ ridge) 

Downy mildew severity 

(%) 

Purple blotch severity 

(%) 

Sugar beet plants 

(SB) 

Onion 

plants (ON) 
2016/17 2017/18 2016/17 2017/18 

1 1 9.55 7.93 15.39 9.21 

2 2 15.23 12.84 18.61 14.25 

3 1 6.48 5.39 13.28 10.94 

1 3 17.38 14.67 29.46 26.07 

ON alone on four ridges 25.19 23.54 36.19 34.72 

SB alone on four ridges - - - - 

L.S.D. at 0.05 2.853 2.635 4.098 4.024 

1.3- Effect on sugar beet Cercospora leaf spot and rust disease severity.  

Data in Table (2) show that, generally, all the four intercropping patterns of 

sugar beet : onion, i.e. (1:1), (2:2), (1:3) and (3:1) (ridge/ridge) significantly reduced 

disease severity of  both Cercospora leaf spot and rust diseases during the two 

growing seasons compared to the sole sugar beet cultivation. Intercropping pattern 

(1:3) of sugar beet: onion recorded the least disease severity of both Cercospora leaf 

spot and rust diseases  of sugar beet during the two growing seasons, followed by 

(1:1 alternately) and (2:2) (ridge/ridge), respectively. On the other hand, the highest 

percentages of disease severity of the two sugar beet diseases were recorded when 
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sugar beet was cultivated as pure stand plants (sole sugar beet) followed by three 

ridges of sugar beet altered with one ridge of onion (3:1) intercropping pattern in 

both seasons. 

Table (2): Effect of intercropping sugar beet with onion by ridge to ridge 

patterns on Cercospora leaf spot and rust disease severity (%) under 

field conditions during 2016/2017 and 2017/2018. 

Intercropping pattern 

(ridge/ ridge) 

Cercospora leaf spot 

severity (%) 
Rust severity (%) 

Sugar beet 

plants (SB) 

Onion 

plants (ON) 
2016/17 2017/18 2016/17 2017/18 

1 1 9.14 8.17 11.18 9.34 

2 2 11.55 9.81 13.73 11.08 

3 1 14.29 12.74 17.87 15.60 

1 3 7.11 5.95 9.55 7.29 

SB alone on four ridges 16.73 15.36 19.82 17.46 

ON alone on four ridges - - - - 

L.S.D. at 0.05 1.901 1.734 2.271 2.013 

2. Side to side at the same ridge intercropping patterns: 

2.1- Effect on downy mildew and purple blotch disease severity. 

Data in Table (3) illustrate the effect of four sugar beet (SB) intercropping 

patterns with onion (ON) arranged by side to side at the same ridge, i.e. (1 ridge 

ON+SB: 3 ridges SB alone), (2 ridges ON+SB: 2 ridges SB alone), (3 ridges 

ON+SB: 1 ridges SB alone) and (4 ridges ON+SB: no ridges with SB alone) on 

severity of downy mildew and purple blotch of onion during 2016/2017 and 

2017/2018. Generally, all four intercropping patterns of sugar beet: onion (side to 

side at the same ridge) significantly reduced disease severity of both downy mildew 

and purple blotch in the two seasons compared to the sole onion plants (cultivated at 

the two sides of the same ridge). Intercropping patterns, i.e. (1 ridge ON+SB: 3 

ridges SB alone) and (2 ridges ON+SB: 2 ridges SB alone) were the best significant 

systems for decreasing both onion foliar diseases in the two growing seasons, 

followed by intercropping patterns (3 ridges ON+SB: 1 ridge SB alone) and (4 

ridges ON+SB: no ridges with SB alone), respectively On the other hand, the 

highest percentages of disease severity of the two diseases were recorded when 

onion was cultivated as pure stand plants (at the two sides / ridge) in the two 

seasons. 

2.2- Effect on sugar beet Cercospora leaf spot and rust disease severity.  

Data in Table (4) prove that all the sugar beet (SB) intercropping patterns with 

onion (ON) decreased disease severity of both Cercospora leaf spot and rust diseases 

of sugar beet in the two growing seasons compared to the sole sugar beet cultivation 

(cultivated on one side without onion of the four ridges). Intercropping patterns (4 
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ridges ON+SB: no ridges with SB alone) recorded the highest significant reduction 

of severity of both Cercospora leaf spot and rust diseases during the two growing 

seasons, followed by the intercropping patterns 3 ridge ON+SB: 1 ridges SB alone, 

2 ridges ON+SB: 2 ridges SB alone and 1 ridge ON+SB: 3 ridges SB alone, 

respectively, which came the next for decreasing of both foliar diseases of sugar 

beet. On the other hand, the highest percentages of disease severity of the two 

diseases were recorded when sugar beet was cultivated as pure stand plants (at one 

side/ ridge) in the two successive seasons. 

Table (3): Effect of intercropping sugar beet with onion by side to side at the 

same ridge patterns on downy mildew and purple blotch severity (%) 

under field conditions during 2016/2017 and 2017/2018. 

Intercropping pattern  

(side/side at the same ridge) 

Downy mildew 

severity (%) 

Purple blotch 

severity (%) 
*
SB alone  

**
ON+SB 2016/17 2017/18 2016/17 2017/18 

3 1 6.15 5.32 11.34 10.30 

2 2 7.22 6.91 12.36 11.55 

1 3 9.18 8.47 14.43 13.87 

- 4 12.35 11.28 17.18 15.34 

ON alone on two side of four ridges 24.68 22.51 35.76 33.48 

SB alone on one side on four ridges - - - - 

L.S.D. at 0.05 2.668 2.437 3.754 3.514 

*
SB alone = Sugar beet planted alone on one side of the ridge 

**
ON+SB = Intercropping onion on another side of sugar beet ridge 

Table (4): Effect of intercropping sugar beet with onion by side to side at the 

same ridge patterns on Cercospora leaf spot and rust disease severity 

(%) under field conditions during 2016/2017 and 2017/2018. 

Intercropping pattern 

(side/side at the same ridge) 

Cercospora leaf spot 

severity (%) 
Rust disease (%) 

*
SB alone 

**
ON+SB 2016/17 2017/18 2016/17 2017/18 

3 1 15.32 14.85 13.27 12.56 

2 2 13.86 12.31 12.09 11.42 

1 3 11.08 10.12 10.33 10.05 

- 4 8.91 7.55 9.17 8.65 

SB alone on one side on four ridges 18.32 17.64 16.25 15.29 

ON alone on two side of four ridges - - - - 

L.S.D. at 0.05 2.061 1.994 1.789 1.687 

*
SB alone = Sugar beet planted alone on one side of the ridge 

**
ON+SB = Intercropping onion on another side of sugar beet ridge 
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II- Effect of two intercropping patterns of onion with sugar beet on yield 

productivity of the two crops under field conditions in 2016/2017 and 

2017/2018:  

1. Ridge to ridge intercropping patterns: 

1.1. Effect on onion bulb yield: 

Data presented in Table (5) indicate that the associated cropping patterns of 

onion with sugar beet (as ridge to ridge) on onion bulb yields (kg/plot (10.5 m
2
) and 

expected yield ton/fed.) were increased in all intercropping patterns (ridge onion: 

ridge sugar beet) compared to onion cultivation alone without significant differences 

except intercropping pattern (1:3) which decreased onion bulb yield compared to the 

other patterns in the two seasons 2016/2017 and 2017/2018. Intercropping pattern 

(ridge onion: ridge sugar beet) ), i.e. (1:1 alternately) recorded the highest onion 

bulb yield for plot (10.5 m
2
) and expected yield/fed., followed by pattern (3:1), 

pattern (2:2) and onion cultivation alone, respectively, However, cropping patterns 

of (1:3) (ridge onion : ridge sugar beet) significantly decreased onion bulb yield 

(yield/plot & expected yield/fed.) compared to onion cultivation alone and the other 

treatments, where it recorded the least bulb yield during the two growing seasons.  

Table (5): Effect of sugar beet with onion by ridge to ridge intercropping 

patterns on onion bulb yield under natural infection with downy 

mildew and purple blotch diseases under field conditions in 2016/2017 

and 2017/2018. 

Intercropping pattern  

(ridge/ ridge) 

Onion bulb yield 

kg/plot (10.5 m
2
) 

Expected onion bulb 

yield (ton/fed) 

Sugar beet plants 

(SB) 

Onion 

plants (ON) 
2016/17 2017/18 2016/17 2017/18 

1 1 25.61 26.24 10.24 10.50 

2 2 23.77 24.82 9.51 9.93 

3 1 21.69 22.95 8.68 9.18 

1 3 24.86 25.37 9.94 10.15 

ON alone on four ridges 23.56 23.99 9.42 9.60 

SB alone on four ridges - - - - 

L.S.D. at 0.05 3.166 3.260 1.267 1.304 

1.2. Effect on sugar beet yield: 

Data in Table (6) show that all associated cropping patterns of sugar beet with 

onion (as ridge to ridge) increased root yield of sugar beet (kg/plot (10.5 m
2
) & 

expected root yield ton/fed.) compared to sugar beet cultivated alone without 

obvious significant differences between them except pattern of (1:1 alternately) in 

the two seasons. Intercropping pattern (ridge sugar beet: ridge onion), i.e. (1:1 

alternately) recorded the highest significant sugar beet root yield (kg/plot and 

expected root yield ton/fed.), followed by cropping patterns (3:1) and (2:2), 



130  KHALIFA et al.  

 

Egypt. J. Phytopathol., Vol. 47, No. 1 (2019) 

respectively without significant differences between them, However, cropping 

pattern of (1:3) and sugar beet cultivation alone recorded the least significant root 

yield of sugar beet for yield/plot and expected yield/fed., without significant 

differences between each other in the two growing seasons. 

Table (6): Effect of sugar beet with onion by ridge to ridge intercropping 

patterns on sugar beet root yield under natural infection with Cercospora leaf 

spot and rust diseases under field conditions during 2016/2017 and 2017/2018 

seasons. 

Intercropping pattern 

(ridge/ ridge) 

Root yield 

(Kg/plot 10.5 m
2
) 

Expected root yield 

(ton/fed) 

Sugar beet 

plants (SB) 

Onion 

plants (ON) 
2016/17 2017/18 2016/17 2017/18 

1 1 58.70 61.38 23.48 24.55 

2 2 55.33 58.03 22.13 23.21 

3 1 55.88 55.45 22.35 22.18 

1 3 50.90 53.23 20.36 21.29 

SB alone on four ridges 49.45 51.68 19.78 20.67 

ON alone on four ridges - - - - 

L.S.D. at 0.05 7.180 7.430 2.872 2.972 

2. Side to side at the same ridge intercropping patterns: 

2.1. Effect on onion bulb yield: 

The effect of different four  intercropping patterns of sugar beet (SB) arranged 

with onion (ON) by side to side at the same ridge, i.e. (1 ridge ON+SB: 3 ridges SB 

alone), (2 ridges ON+SB: 2 ridges SB alone), (3 ridge ON+SB: 1 ridges SB alone) 

and (4 ridges ON+SB: no ridges with SB alone) on onion bulb yields (kg/plot (10.5 

m
2
) and expected yield ton/fed.) was investigated (Table 7). Tabulated data illustrate 

that all intercropping patterns increased onion bulb yields compared to onion planted 

alone on two sides of the four ridges without significant differences between them 

except cropping pattern (1 ridge ON+SB: 3 ridges SB alone) during the two growing 

seasons 2016/2017 and 2017/2018. Intercropping patterns, i.e. (3 ridges ON+SB: 1 

ridge SB alone) recorded the highest onion bulb yield for plot (10.5 m
2
) and 

expected yield/fed., followed by patterns (4 ridges ON+SB: no ridges with SB 

alone), (2 ridges ON+SB: 2 ridges SB alone) and onion cultivated as two sides 

alone, respectively. However, pattern (1 ridge ON+SB: 3 ridges SB alone) gave the 

least significant onion bulb yields during the two growing seasons. 

2.2. Effect on sugar beet yield: 

Data shown in Table (8) reveal that all the four sugar beet (SB) intercropping 

patterns with onion (ON) arranged by side to side at the same ridge i.e. (1 ridge 

ON+SB: 3 ridges SB alone), (2 ridges ON+SB: 2 ridges SB alone), (3 ridges 

ON+SB: 1 ridge SB alone) and (4 ridges ON+SB: no ridges with SB alone) 
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significantly increased root yield of sugar beet without obvious significant 

differences between them compared to sugar beet planted alone on one side of the 

four ridges. Intercropping pattern, i.e. (1 ridge ON+SB: 3 ridges SB alone) was the 

superior pattern that gave the highest root yield of sugar beet, followed by cropping 

patterns, (2ridge ON+SB: 2ridges SB alone), (3 ridge3 ON+SB: 1 ridge SB alone) 

and (4 ridges planted with SB alone). Meanwhile, sugar beet cultivated alone 

recorded the least significant sugar beet root yield for yield/plot and expected 

yield/fed., during the two growing seasons. 

Table (7): Effect of sugar beet with onion by side to side of the same ridge 

intercropping patterns on onion bulb yield under natural infection 

with downy mildew and purple blotch diseases under field conditions 

in 2016/2017 and 2017/2018. 

Intercropping pattern  

(side/side at the same ridge) 

Onion bulb yield 

kg/plot (10.5 m
2
) 

Expected onion bulb 

yield (ton/fed) 
*
SB alone 

**
ON+SB 2016/17 2017/18 2016/17 2017/18 

3 1 22.42 23.11 8.97 9.24 

2 2 25.38 26.04 10.15 10.42 

1 3 26.95 27.69 10.78 11.08 

- 4 26.77 27.24 10.71 10.90 

ON alone on two side of four ridges 24.65 25.47 9.86 10.19 

SB alone on one side on four ridges - - - - 

L.S.D. at 0.05 3.355 3.441 1.343 1.377 
*
SB alone = Sugar beet planted alone on one side of the ridge 

**
ON+SB = Intercropping onion on another side of sugar beet ridge 

Table (8): Effect of sugar beet with onion by side to side of the same ridge 

intercropping system on sugar beet root yield under natural infection 

with Cercospora leaf spot and rust diseases under field in 2016/2017 

and 2017/2018. 

Intercropping system side/side  

(of the same ridge) 

Root yield  

(Kg/plot 10.5m
2
) 

Expected root yield 

(ton/fed) 
*
SB alone  

**
ON+SB 2016/17 2017/18 2016/17 2017/18 

3 1 64.53 65.38 25.81 26.15 

2 2 62.45 63.35 24.98 25.34 

1 3 60.35 61.70 24.14 24.68 

- 4 59.48 60.15 23.79 24.06 

SB alone on one side on four ridges 50.20 52.13 20.08 20.85 

ON alone on two side of four ridges - - - - 

L.S.D. at 0.05 7.958 8.083 3.183 3.233 
*
SB alone = Sugar beet planted alone on one side of the ridge 

**
ON+SB = Intercropping onion on another side of sugar beet ridge 
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III- Effect of two intercropping patterns of onion with sugar beet on land equivalent 

ratio (LER) under field conditions during 2016/2017 and 2017/2018 seasons:  

1. Ridge to ridge intercropping patterns: 

Results in Table (9) show that all intercropping patterns (ridge/ ridge) of onion 

with sugar beet increased land equivalent ratio (LER) in the two seasons. The values 

of land equivalent ratio for intercropping treatments were significantly greater than 

the monoculture of either onion or sugar beet (1.0). Regarding for land equivalent 

ratio of both onion (LON) and sugar beet (LSB), all the intercropping patterns 

increased LON compared to sole onion cultivation except pattern (three ridges SB: 

one ridge ON) which decreased LON compared to onion planted alone, however, all 

intercropping patterns increased LSB and superior than sugar beet cultivated alone. 

On the other hand, Intercropping pattern, i.e. (1:1 ridge alternately) recorded the 

highest values for (LER) in the two growing seasons, followed by (2:2), and (one 

SB: three ON) while the lowest LER value was obtained with pattern 3 SB: one 

ridge ON.  

Table (9): Effect of sugar beet with onion by ridge to ridge intercropping 

patterns on land equivalent ratio (LER) under natural infection with 

onion and sugar beet diseases under field conditions in 2016/2017 and 

2017/2018. 

Intercropping patterns 

(ridge/ ridge) 

Land equivalent  ratio 2016/ 

2017 LON + LSB =LER 

Land equivalent  ratio 2017/ 

2018 LON + LSB =LER 

SB ON LON LSB LER LON LSB LER 

1 1 1.09 1.19 2.28 1.09 1.19 2.28 

2 2 1.01 1.12 2.13 1.03 1.12 2.15 

3 1 0.92 1.13 2.05 0.96 1.07 2.03 

1 3 1.06 1.03 2.09 1.06 1.03 2.09 

L.S.D. at 0.05 0. 031 0.028 0.046 0.023 0.030 0.046 

2. Side to side at the same ridge intercropping patterns: 

Data in Table (10) indicate that all four sugar beet (SB) intercropping patterns 

with onion (ON) arranged by side to side at the same ridge (1 ridge ON+SB: 3 

ridges SB alone), (2 ridges ON+SB: 2 ridges SB alone), (3 ridges ON+SB: 1 ridge 

SB alone) and (4 ridges ON+SB: no ridges with SB alone) significantly increased 

land equivalent ratio (LER) during the two seasons in comparison with monoculture 

of each crop (1.0). The values of land equivalent ratio (LER) for all intercropping 

patterns (side/ side) were significantly greater than cultivation of either onion or 

sugar beet alone. With concern to land equivalent ratio of both onion (LON) and 

sugar beet (LSB), all intercropping patterns (side/ side) increased LON compared to 

onion planted alone except one ridge ON+SB: three ridge SB alone which 

significantly decreased LON compared to monoculture of onion plants in the two 
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growing seasons. However, all the intercropping patterns increased LSB which was 

superior to sugar beet cultivated alone. On the other hand, the highest values of LER 

were obtained with intercropping patterns, i.e. (3 ridges ON+SB: 1 ridge SB alone), 

2 ridges ON+SB: 2 ridges SB alone) and (4 ridges ON+SB: no ridges with SB 

alone), respectively.  Meanwhile, the lowest LER value was recorded with patterns, 

1 ridge ON+SB: 3 ridges SB alone. 

Table (10): Effect of sugar beet with onion by side to side of the same ridge 

intercropping patterns on Land equivalent ratio (LER) under natural 

infection with onion and sugar beet diseases under field conditions in 

2016/2017 and 2017/2018. 

Intercropping patterns 

side/ side (of the same 

ridge) 

Land equivalent  ratio 

2016/ 2017 LON + LSB 

=LER 

Land equivalent  ratio 

2017/ 2018 LON + LSB 

=LER 
*
SB alone 

**
ON+SB LON LSB LER LON LSB LER 

3 1 0.91 1.29 2.20 0.91 1.25 2.16 

2 2 1.03 1.24 2.27 1.02 1.22 2.24 

1 3 1.09 1.20 2.29 1.09 1.18 2.27 

- 4 1.09 1.18 2.27 1.07 1.15 2.22 

L.S.D. at 0.05 0.033 0.019 0.017 0.033 0.016 0.022 

D i s c u s s i o n  

The limitation of the Egyptian land led to an increase need to maximize land 

usage to enhance farmer's income. Intercropping of different crop species can be 

used as strategy to increase the amount of diversity within an individual field 

(Boudreau and Mundt, 1997). Also, the purpose of intercropping is to generate 

beneficial biological interactions between the crops. Intercropping can increase 

yields, more efficiently use available resources, reduce weed, insect and disease 

pressures and provide greater biological and economic stability (Vandermeer, 1989). 

The incidence of disease is often less in mixed planting than in monocultures 

because the distance between similar plants is greater than in more intensive 

growing systems, so is less likely that propagles or vectors of pathogens will 

successfully move from one host to another.   

Regarding to the effect of ridge to ridge intercropping patterns of onion (ON) 

intercropped with sugar beet (SB) on foliar diseases of both crops, all intercropping 

patterns, i.e. (1:1), (2:2), (1:3) and (3:1) (ON ridge/ridge SB) significantly decreased 

disease severity of both downy mildew and purple blotch of onion, as well as, 

Cercospora leaf spot and rust diseases of sugar beet during the two seasons 

2016/2017 and 2017/2018 compared to monoculture cultivation of each crop. 

Intercropping patterns of onion: sugar beet (1 ridge ON: 3 ridges SB) and (1ON: 
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1SB alternately) were the most superior intercropping patterns in decreasing disease 

severity of both onion downy mildew and purple blotch diseases. However, 

intercropping pattern (3 ridges ON:1 ridge SB) and (1ON: 1SB alternately) were the 

most effective patterns for decreasing both Cercospora leaf spot and rust diseases of 

sugar beet during the two growing seasons. On the other hand, intercropping 

patterns onion (ON) with sugar beet arranged by side to side, (1 ridge ON+SB: 3 

ridges SB alone) and (2 ridges ON+SB: 2 ridges SB alone) were the best patterns for 

decreasing both onion foliar diseases, meanwhile, intercropping patterns (4 ridges 

ON+SB: no ridges with SB alone) and (3 ridges ON+SB: 1 ridges SB alone were the 

most superior ones for reducing severity of  both Cercospora leaf spot and rust 

diseases during the two seasons. The highest severity of the four tested foliar 

diseases of the two different intercropping patterns were recorded when either onion 

or sugar beet was cultivated alone in both seasons. The obtained results are in 

agreement with those obtained by Corazza et al. (1993) and Lamey, (1997). Ismail 

et al. (2005) who stated that disease severity of Cercospora leaf spot was 

significantly decreased by the (2:2) intercropping systems or (3:1) (row/row) as 

sugar beet: faba bean compared with the pure stand and the other systems. 

Moreover, the great reduction of both faba bean chocolate spot and rust diseases was 

observed under (1:1) or (3:1) patterns as sugar beet: faba been. Otherwise, disease 

severity was increased in pure stand of both tested crops. El Mansoub et al., 2010 

found that disease severity% of Cercospora leaf spot and rust was affected by (sugar 

beet: garlic) (row/row) intercropping systems that gave the great reduction in these 

diseases compared to sole sugar beet.  

 Several investigators have reported the effect of intercropping on decreased 

foliar diseases of onion. Narla et al 2011 studied the effectiveness of vegetable 

intercrops, i.e. carrot, spider plant and French bean in the management of downy 

mildew (Peronospora destrutor) and purple blotch (Alternaria porri) of bulb onion 

and revealed that the tested vegetable intercrops significantly reduced downy 

mildew and purple blotch severity but had no significant effect on disease incidence. 

Spider plant (Chlorophytum comosum) was the most effective vegetable intercrop in 

reducing downy mildew severity by up to 21 % and purple blotch severity by 18%. 

Also, Galande and Simon (2019) demonstrated that legume intercrops were effective 

in reducing purple blotch on onion and found that French bean was the most 

effective legume intercrop in reducing purple blotch incidence by up to 49.1 %. 

 The reduction in disease severity of either downy mildew and purple blotch 

diseases of onion or Cercospora leaf spot and rust of sugar beet may be attributed to 

that planting onion or sugar beet alternatively might have decreased the relative 

humidity between plants, and hence reduced spores germination and decreased 

probability of fungal spores to encounter onion or sugar beet plants.  Otherwise, 

increased disease severity in crops growing alone may be due to possible increase of 

relative humidity and planting dense which are favorable for germination of spores 

and developing of diseases (Gantiry et al., 1993 and Garrett and Mundt, 1999). 

https://scialert.net/fulltext/?doi=jbs.2011.52.57#649267_ja
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Studies by Ramert and Lennartsson (2002) have indicated that intercropping reduces 

the proportion of susceptible host tissues and, therefore, impacting on the 

production, amount and efficiency of the disease inoculum and, therefore, limiting 

spread and development of the disease. In addition, intercropping increases the space 

between the rows of onion and sugar beet plants, resulting in greater distance to be 

travelled by the disease inocula. Further, the two tested intercrops may have created 

a physical barrier that intercepted or filtered the fungal propagules, thus effectively 

limiting dissemination of the pathogen. Beuerlein, (2005) stated that multiple 

cropping drastically reduces the elapsed time between successive crops and 

therefore can greatly increase the disease pressure for both crops. Where intense 

multiple cropping is practiced, the beneficial effects of crop rotation (weed, insect, 

and disease control) are totally negated. Song et al., (2007) show that intercropping 

has significant effects on microbiological and chemical properties in the rhizosphere, 

which may contribute to the yield enhancement by intercropping.  

The present results showed clearly that yield of onion and sugar beet was 

significantly maximized by the two intercropping patterns with some exception 

compared to onion or sugar beet cultivation alone in the two seasons.  The most 

superior pattern of (ridge onion: ridge sugar beet) was 1ON:1 SB alternately, 

followed by pattern 3 ON: 1 SB (for onion yield) or 1 ON:3 SB (for sugar beet 

yield). However, the most superior patterns of intercropping pattern (side to side at 

the same ridge) were 3 ridges ON+SB: 1 ridge SB alone and all four ridges planted 

ON+SB side to side. On the other side, intercropping pattern 1 ridge ON+SB: 3 

ridges SB alone was the superior pattern that gave the highest root yield of sugar 

beet. Similar results were obtained by Farag, (1990). Sugar beet and faba bean 

intercropping significantly increased yield components of both crops and quality 

traits of sugar beet particularly for the (2:2 and 3:1) intercropping systems for sugar 

beet compared with the other intercropping systems (Ismail et al., 2005). El 

Mansoub et al, (2010) showed that yield and yield components as well as juice 

quality of sugar beet were significantly affected by intercropping system with (sugar 

beet : faba bean) or (sugar beet : garlic). 

Disagreement results were obtained with many investigators (Amer et al., 1997). 

Marey (2004) reported that intercropping sugar beet with faba been and chick pea 

resulted in a significant decrease in root yield ton/fed, as compared to monoculture. 

Farghaly et al. (2003) found that sugar beet yield and quality were decreased by 

intercropping with faba bean compared with pure stand. Faba bean yield and yield 

components were reduced by intercropping. They were higher in wider than in 

narrower ridges. The intercropping is recommended to be a common practice for 

maximizing unit area productivity and reducing yield losses due to pests and 

diseases per unit area Omar et al, (1993). Abdel Motagally and Metwally, (2014), 

indicated that sugar beet yield and its components were not significantly decreased 

by intercropping with onion comparing with pure stand, meanwhile, the associated 

cropping patterns of onion with sugar beet on yield and its components were 

https://scialert.net/fulltext/?doi=jbs.2011.52.57#23622_con
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significantly decreased by intercropping. Also, Galande and Simon (2019) 

demonstrated that intercropping onion with the vegetable reduced both total and 

marketable bulb yield. These results may be due to competition between sugar beet 

and onion plants for nutrient, water and solar radiation. 

Our results in this study indicated that the values of land equivalent ratio (LER) 

of the two intercropping patterns of onion (ON) with sugar beet (SB), i.e. (ON ridge: 

ridge SB) and (side to side at the same ridge "ON+SB ridge: ridge SB alone") were 

significantly greater than monoculture of either onion or sugar beet. Intercropping 

pattern of (ON ridge: ridge SB), (1:1 ridge alternately) recorded the highest values 

for (LER) during the two growing seasons, followed by (2:2), and (3 SB: one ridge 

ON), while the lowest LER value was obtained with pattern (one SB: three ON). On 

the other hand, the highest values of LER of (ON+SB ridge: ridge SB alone) were 

recorded by patterns i.e. (3 ridges ON+SB: 1 ridge SB alone), 2 ridges ON+SB: 2 

ridges SB alone) and (4 ridges ON+SB: no ridges with SB alone), respectively, 

meanwhile, the lowest LER value was recorded with pattern (1 ridge ON+SB: 3 

ridges SB alone) in this respect. The obtained results are in agreement with several 

investigators. Farghaly et al., 2003, showed that the highest values for LER were 

observed when intercropping sugar beet with onion, while the lowest values were 

done when intercropping sugar beet with faba bean. Ismail et al., 2005 cleared that 

LER of (1:1) and (1:3) systems of (sugar beet: faba been) was advantageous in the 

first and second seasons, respectively. Abou Khadra et al. (2013) showed that land 

equivalent ratio (LER) values were greater than one at any intercropping systems of 

wheat with sugar beet. Abdel Motagally and Metwally, (2014) indicated that 

intercropping onion with sugar beet increased land equivalent ratio in all 

intercropping patterns compared to each crop planted alone.   

C o n c l u s i o n s  

Data of the present study indicated that intercropping of the two evaluated 

intercropping patterns of onion with sugar beet was found as a good treatment to 

minimize disease severity of downy mildew and purple blotch diseases of onion, as 

well as Cercospora leaf spot and rust diseases of sugar beet. In addition, maximizing 

yield production of onion bulb and sugar beet root yield, as well as, increasing land 

equivalent ratio (LER) of the two intercropping patterns compared to each crop 

cultivated alone. Since chemicals have many hazardous effects on the environment 

as well as on the persons who handle them during application in the field and 

consumers using the product, so used of intercropping system under field conditions 

would be considered as better, as it is beneficial and eco-friendly.  
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مع بنجر السكر علي  البصلتحميل نموذجين لتأثير 

وإنتاجية كلا  المجموع الخضري الإصابة ببعض أمراض

  المحصولين

خليفة د الفتاحبممدوح محمد ع
١

المنسوب محمد محمد عبد العاطى ، 
٢

   ،

محمد محمود أحمد إبراهيم
١
عابد عبد الجليل عطا ،و 

١
  

معهد بحوث أمراض النباتات ، مركز البحوث الزراعية ، الجيزة ،  -١

  مصر

معهد بحوث المحاصيل السكرية ، مركز البحوث الزراعية ، الجيزة ،  -٢

  مصر

أجري هذا البحث لدراسة تأثير نموذجين مختلفين لتحميل محصول 

ونظام ( خط بنجر: خط بصل)البصل مع محصول بنجر السكر بنظام 

بالمقارنة بالزراعة ( خط بنجر منفرد: ريشة بنجر على خط+ ريشة بصل )

لكل محصول على شدة الإصابة باربعة أمراض تصيب المجموع  المنفردة

البياض الزغبي واللطعة الارجوانية علي : الخضري لكلا المحصولين هما

البصل و تبقع الأوراق السركسبوري والصدأ على بنجر السكر تحت 

ظروف العدوي الطبيعية بالحقل بهذه الأمراض بمحافظة دمياط في 

بالإضافة لدراسة . ١٠٢٢/١٠٢٢و  ١٠٢٦/١٠٢٢الموسمين المتعاقبين 

 .تأثيرهم علي إنتاجية كلا المحصولين و معدل كفاءة استخدام الارض

أدى استخدام نموذجي التحميل المختبرين إلى خفض معنوي في شدة 

الإصابة بأمراض البياض الزغبي واللطعة الارجوانية على البصل و تبقع 

السكر بالمقارنة بالزراعة الأوراق السركسبوري والصدأ على بنجر 

و  ١٠٢٦/١٠٢٢ المنفردة لكل محصول على حدة في الموسمين المتعاقبين

أن ( خط بنجر: خط بصل)أظهر نموذج التحميل بنظام  .١٠٢٢/١٠٢٢

خط بنجر ٢: خط بصل٢)و ( ثلاثة خطوط بنجر: خط واحد بصل)تحميل 

في خفض شدة كانت أكثر نظم التحميل في هذا النموذج تفوقا ( بالتبادل

. البياض الزغبي واللطعة الارجوانية علي أوراق البصل الإصابة بأمراض

خط ٢)و ( خط واحد بنجر: ثلاثة خطوط بصل)بينما كان نظام تحميل 

الأكثر فاعلية في تقليل أمراض تبقع الأوراق ( خط بنجر بالتبادل٢: بصل

المنفرد ة  السركسبورى و الصدأ على أوراق بنجر السكر مقارنة بالزراعة

من ناحية أخرى أوضحت نظم التحميل في نموذج  .ونظم التحميل الأخرى

أن نظم ( خط بنجر منفرد: ريشة بنجر على خط+ ريشة بصل )التحميل 

ثلاثة خطوط بنجر : ريشة بنجر+ خط واحد محمل ريشة بصل )تحميل 

 ١: ريشة بنجر+ خط محمل ريشة بصل  ١)و ( منفرد على ريشة واحدة

 بأمراضالأفضل في تقليل شدة الإصابة ( ر منفرد على ريشة واحدةخط بنج

في حين كان . البياض الزغبي واللطعة الارجوانية علي أوراق البصل

بدون زراعة بنجر +  ريشة بنجر+ ريشة بصل خط  ٤)التحميل بنظام 
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خط واحد بنجر : ريشة بنجر+ ثلاثة خطوط محمل ريشة بصل )و ( منفرد

الأكثر تفوقا في خفض شدة الإصابة بمرضي التبقع ( احدةمنفرد على ريشة و

سجلت أعلى شدة إصابة . السركسبوري والصدأ على أوراق  بنجر السكر

الزراعة المنفردة لكل في  بالأربعة أمراض المختبرة على كلا المحصولين

 .في الموسمين المتعاقبين محصول على حدة

المختبرة لزراعة البصل محملا على الجانب الأخر سجلت معظم النظم 

على بنجر السكر  بالنموذجين المختبرين تحت الدراسة إلى تعظيم إنتاجية 

الجذر لمحصولي البصل وبنجر السكر على الترتيب،  محصول الأبصال و

بالإضافة لزيادة معدل كفاءة استخدام الارض بالمقارنة بالزراعة المنفردة 

واحد خط بنجر : واحد خط بصل)ام كان نظ. مع وجود بعض الإستثناءات

هو الأفضل في زيادة وتعظيم إنتاجية كلا ( خط: خط)في نموذج  ( بالتبادل

بينما كان النظام الأفضل في نموذج . من محصولي البصل وبنجر السكر

هو نظام التحميل ( خط بنجر منفرد: ريشة بنجر على خط+ ريشة بصل )

خط واحد بنجر منفرد على : رريشة بنج+ ثلاثة خطوط محمل ريشة بصل )

خط واحد محمل ريشة )لزيادة إنتاجية محصول البصل ونظام ( ريشة واحدة

لزيادة إنتاجية محصول ( ثلاثة خطوط بنجر منفرد: ريشة بنجر+ بصل 

 .بنجر السكر

نستخلص من هذه الدراسة أن زراعة البصل محملا على بنجر السكر 

ابة بأمراض المجموع الخضري من الممكن أن يكون مفيدا في خفض الإص

إنتاجيتهم مع تعظيم التي تصيب محصولي البصل وبنجر السكر وزيادة 

وبالتالي زيادة العائد الإقتصادي للمزارع من معدل كفاءة إستخدام الأرض 

 .على حدىبالمقارنة بالزراعة المنفردة لكل محصول نفس وحدة المساحة 

 


