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ABSTRACT 

 
Sugar beet (Beta vulgaris L.) is the second important sugar crop after sugar cane; produce about 30 % of 

total world production and have readily adaptable to different environmental factors including climate. High 
responsible yield and quality of sugar beet to many agronomic practices, among these planting date, irrigation 
methods and plant population density are thought to great influence yield and quality. The present study was 
conducted in split-split plot design at Agriculture Research Station, Faculty of Agricultural engineering, during 
2010/2011.The objective was to describe yield and quality of one sugar beet varieties (Kawi interpolii new) in 
relation to two uprooting dates (15th of May and 15th June) at three intra-row spacing (20, 35, and 50 cm), with 
plant densities (100000, 60000 and 40000 plant/ha, in addition to determine the sugar beet yield at three 
different irrigation methods, the traditional flood irrigation method (F) and two modern irrigation methods by 
Impact-sprinklers (I) and Rotator type  (R). Generally, the results showed that the irrigation method (I) showed 
superiority comparing with other methods, While, the first density showed superiority comparing with other 
densities studied in this experiment. Our results showed significant 05.0P  differences in number of leaves 
per plant in different irrigation methods, we found that irrigation method (I) was superior at all plant densities 
except the first plant density. In terms of shoot weight irrigation method (I) was more effective in the event of 
third and first season 2010 between studied factors on root yield while the second uprooting date 2011, showed 
that approaching physiological maturity lead to increase in sugar root yield per unit area. Brix degree showed 
significant differences between irrigation methods were only in the season 2010. Regarding the theoretical sugar 
yield, the flood irrigation method showed superiority in the season 2010, while plant densities showed no 
significant effect of theoretical yield of sugar. The results showed that when uproot the sugar beet roots in the 
second half of July the irrigation method (I) was superior compared with other irrigation methods, especially 
with the first and second plant density. 
 
Key words: Sugar beet (Beta vulgaris L.), Plant densities, Irrigation methods. 
 
Introduction 

 
Arid and semi arid areas constitute 90% of the Arab homeland area, synchronous with water shortage 

(ACSAD, 2002). Water shortage is a contribution of various factors including growing population, increased 
agricultural needs, industrial use of water, spatially and temporally irregular precipitation and climate changing. 
Many reports have indicated that the amount of available renewable water resources in the Arab World about  
338 billion m3 annually (ACSAD, 1993) with an estimate of  the future water needs 402,493 and 620 billion m3 

annually in 2010, 2020 and 2030 respectively. This deficit referred to the expected risk to future generations.  
The problem of water waste is severe in irrigated cultivable areas where people are using the same inefficient 
methods for irrigation of agricultural land which consisted 15% of the cultivable area. As a result, researching 
water saving irrigation techniques is a major challenge to sustain and boost agricultural production and provide 
the required amount of water for future demand. 

Sugar beet is grown by irrigated cultivation in most countries, and rainfall cultivation in some countries, 
especially in high and good distribution rainfall rate areas during plant growth season. The moisture content of 
60% of field capacity is adequate, and sugar beet plants can afford soil moisture fluctuations between 40-90% of 
field capacity. Sugar beet belongs to C3 plants with high water requirement in comparison with C4 plants such 
as maize, and with the highest efficiency in water use efficiency (WUE) in comparison with C3 plants such as 
wheat, cotton, soybean and sunflower (Al-Ouda et al., 2009). The sugar beet roots contains 16-24% of sugar 
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(Singh et al., 1985), many experiments conducted to test the possibility of increasing the sugar beet roots yield, 
improving the sugar content of sugar beet roots and the amount of  extracted sugar (Lee and Comerford, 1970; 
Milford and Watson, 1971). The results showed that there are factors such as rate of fertilization, plant density, 
irrigation methods and environmental conditions prevailing during cultivation and growing period.  

Sprinkler irrigation is a versatile means of applying water to any crop, soil, and topographic condition 
(Schwab et al., 1993). Center pivot sprinklers can be classified according to two general types of sprinkler 
nozzles-impact sprinklers and spray heads. The application uniformity will depend on many factors of the 
design and several operational factors (e.g., wind speed, pivot alignment and the wind direction, topography (tilt 
of the sprinkler axis in relation to the ground slope), effect on pressure at the outlet, etc., soil type, etc.) The 
main sprinkler factors affecting uniformity are the sprinkler spacing the parameters associated with the sprinkler 
device type. These include its diameter of throw, application pattern type, operating pressure, nozzle and spray 
plate design, the elevation of the application device above the ground, and any crop canopy interference 
(Howell, 2003). 

 Impact sprinklers have an advantage over lower pressure devices because they typically have a large radius 
(14 m) of “throw” and 22 Liter/min, thereby having a larger wetted area, lower irrigation time and smaller 
instantaneous application rate that can more adequately match the soil infiltration rate with fewer runoff and 
erosion difficulties and low cost. The rotator types are similar to small, low angle impacts sprinklers, low 
pressure 2-4 bar, irrigation rate 10 Liter/min uses small pipes (32 mm radius) which in turn lower the irrigation 
system cost. Reports indicated that rotator types are low cost and efficient irrigation system to improve the crops 
production per water unit. The short distance between sprinklers (10 m) ensure good distribution and 
homogeneity of excellent water droplets per unit area.  

Plant density has been recognized as a major factor determining the degree of competition between plants 
(Heitholt and Sassenrath, 2010). There is a need to use optimum plant density, which is expected to bring about 
a maximum yield of crop when all the other inputs of production have been adequately met (Ogunlela et al., 
1988). Plant density per unit area of cultivated land, a major factor determined the quality and quantity of the 
sugar roots, for instance, optimum plant density provides a larger area of nutrients this allows plant sufficient 
quantity of water, light and thus raises the efficiency of photosynthesis which contribute to increase the dry 
matter proportion in the roots and higher roots yield per unit area (Salisbury and Rose, 1992; Avcıoğlu, 1995; 
Freckleton et al., 1999).  

 
Material and Methods 

 
Plant material and farming conditions: 

 
This research was conducted in split plot design with one cultivar (…..) in two seasons as autumn 

cultivation in 15 November (traditionally in Syria) to benefit from winter and spring rains, thus reduce 
consumption of irrigation. The cultivation was done in 1500 m2 farm land with 50×30 m dimensions. The 
sprinklers distributed on angles of square  rib length   10 m. Three  irrigation systems separated by 300 m2 of 
wheat field. Fertilizing treatment was done as recommended by the Ministry of Agriculture and Agrarian 
reform: 
 Nitrogen: 45.35 ppm (176.5 kg/h supplemented to 400 kg/h). 
 Phosphor: 3.1 ppm ( 27.71 kg/h supplemented to 160 kg/h). 
 Potassium: 45.46 ppm (177.3 kg/h ). 

 
Irrigation methods: 

 
We tested three irrigation methods, flood irrigation (traditionally in Syria) in 1800 m2, Impact –sprinkler in 

600 m2, rotator-type in 600 m2. Abundance of irrigation from Impact-sprinkler was 22 Liter/min, with radius 14 
m which lower the production cost, while abundance of irrigation from rotator type was 10 Liter/min, with pipes 
radius 32 mm which in turn ensure good distribution and homogeneity of excellent water droplets per unit area. 
The irrigation methods tested in three replicates as following: 

 
I1- (R) Rotator type: 316.7 m3 into 34 parts, in average 9.5 m3 per one irrigation time. 
I2-(I) Impact-sprinkler: 314.8 m3 into 20 parts, in average 15.7 m3 per one irrigation time. 
I3-(F) Flood irrigation: 457.7 m3 into 10 parts, in average 45.77 m3 per one irrigation time. 
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Table 1: Irrigation distribution by months 
Irrigation methods November December March April May June July 
flood irrigation  (F) 1 1 1 1 2 3 1 
Rotators  (R) 2 2 1 2 11 16 - 
Impact-sprinklers (I) 1 1 1 2 6 9 - 

 
These differences in irrigation times between the three irrigation methods tested in this paper due to the 

capacity variation between the three irrigation in providing the specific quantity of water during periods of time 
because the difference in the water drainage. 

 
Plant density and Traits studied: 

 
Three plant densities tested in this paper: 
 
B1: High density, 100000 plant/ha (20 cm ×50cm). 
B2: Medium density, 60000 plant/ha (35 cm×50cm). 
B3: Low density, 40000 plant/ha (50 cm×50 cm). 
 
Trait studied: 
 
1. Number of leaves per plant. 
2. Green biomass weight (t/ha). 
3. Root yield (t/ha). 
4. Brix degree (%). 
5. Theoretical sugar yield = root yield (t/ha) × Brix degree (%). 
 

Statistical analysis: 
 
Statistical analyses were performed using SAS program (SAS institute, 1997) 
 

Results and Discussion 
 

Number of leaves and its relationship to yield of roots and the degree of sweetness: 
 
Number of roots per unit area, mean weight of root and mean sweetness of root or Brix degree are major 

component of sugar beet productivity of roots and sugar. These components affected by several factors of 
number of leaves and leaf area, photosynthesis net assimilation rate and the root capacity to store the 
photosynthesis products. As the leaves are the most important in plant growth and productivity, these leaves 
does not consist of one well on the plant. According to Orlofsky (1961)  first ten leaves grows in 2.5 days 
interval between each leaf , second ten leaves grows in 1.5 day interval, third ten leaves grows in 2 days interval 
and the fourth ten leaves grows in 2.5 days interval. Accordingly, vary the length of the leaves period and their 
biological function, depending on the initiating date, growing leaves that appear initially, which are usually 
highly developed spent about two third of their assumed life span growing while late leaves appearance spent by 
only 30-40% of the assumed life span growing. Therefore leaves used the remaining time of her life span in 
photosynthesis and formation of photosynthetic products, which will be stored in the roots. Generally, second 
ten group of leaves are characterized by the longest period of vital activity (80.5 days) in sugar beet plant 
(Matrosov et al., 1996). 

Although, the difference of number of leaves among plants of sugar beet cultivars are genetically, but 
affected by plant density, planting date, growing conditions especially in the second half of sugar beet life cycle. 
Minx (1993) found that through the cultivation of sugar beet for densities 55000, 74000, 111000 and 148000 
plants per hectare, the mean of leaves per plant in the maximum period of its existence were 28.7, 28, 25.1and 
22.9 leaf per plant respectively, and total number of leaves during the entire period of plant growth were 55, 
52.4, 46.4 and 43.3 leaf per plant respectively. Suggestion that the lower number of plants per unit area 
increased number of leaves on the plant, while we noticed the opposite when calculation the number of leaves 
per unit area, where the number of leaves were 106, 207, 279 and 399 respectively. Burcky (1986) found 
,through different experiments including different plant density, irrigation methods, fertilization and methods of 
preparing the soil, a correlation between the sugar root productivity and the photosynthetic leaf area. Our results 
showed significant differences in number of leaves per plant in different irrigation methods, different three plant 
densities and the interaction between irrigation methods and plant densities, in 2010/2011 seasons, Table (2). 
Regardless of plant density, we found the number of leaves increased in irrigation methods (R) and (I) 
comparing with (F), while the method (I) was superior in term of number of leaves 50 days before harvest date. 
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Regarding plant densities, we found that irrigation method (I) was superior at all plant densities except the first 
density, and the third plant density used in this research (50 cm between each plant) was superior comparing 
with other plant densities and this results explained by the fact that the large space between plants provided 
more nutrients for the vegetative growth and later the root growth. These results emphasize the need to delay the 
roots harvest to the stage of physiological maturity of the plant to be able to store the maximum amount of 
sugar. 
 
Table 2: Effect of Irrigation methods and Plant density in number of leaves during 2010/2011 seasons. 

Plant density 
Irrigation methods 

Mean of plant density 
R I F 

1 21.2 20.8 16 19.3 
2 19.5 22 15 18.8 
3 24.7 35.7 23.7 28 
Mean of irrigation 21.8 26.2 18.2 - 
CV% 14.1 

L.S.D 0.05 3.79  Irrigation methods 
3.20 Plant 
density 5.27 Irrigation methods* Plant density 

 
Impact of factor studied on Shoot weight: 

 
This indicator, as is known, correlated with the number and size of leaves on the plant. The leaf size is 

affected by multiple factor such as plant density, planting date, the date and amount of irrigation water and the 
rate of fertilizer. Theoretically, increase the leaves size lead to increase the capacity of the plant photosynthesis, 
which means the possibility of increasing the sugar content of sugar beet roots. This increase is limited because 
the plant growth time-limited which consumes a portion of photosynthesis products to form new leaves and 
increase the old leaves size. Our study has shown, regardless of plant density, superiority of modern irrigation 
methods comparing with traditional irrigation way. Table (3) showed significant differences between the 
irrigation methods and the plant densities studied, while no significance was observed of the interaction between 
these two factors. The results showed the irrigation method (I) more effective in the event of lower and upper 
plant density (40000 and 100000 plant/h) comparing with the irrigation method (R) and (F). Increased plant 
density lead to increase in shoot weight per unit area, while plant growth was weak in the traditional irrigation 
method compared with the modern irrigation methods and decreased yield per unit area of the total shoot 
weight. This results suggestions that using this type of modern irrigation methods lead to larger amount up to 2-
4 times of shoot weight. 

 
Table 3: Effect of Irrigation methods and Plant density in Shoot weight (t/ha) during 2010/2011 seasons. 

Plant density 
Irrigation methods 

Mean of plant density R I F 
1 25.8 28.5 11.4 21.9 
2 16.2 16.9 6 13 
3 12.3 19.6 4 12 

Mean of irrigation 18.1 21.6 7.1 - 
CV% 27.1   

L.S.D 0.05 8.72  Irrigation methods 
4.32 Plant 
density 9.32 Irrigation methods* Plant density 

 
Roots yield per unit area and the dynamics of root development: 

 
Root yield of sugar beet per unit area one of the important indicator in Syrian agriculture, regardless of the 

sugar content in roots, farmers interested in getting the largest or maximum yield possible from  sugar beet 
roots, so farmers tend to use packages of agricultural technologies that achieve this goal and it including wider 
spaces between plant (70 cm×70 cm) which allows the plant to obtain maximum quantities of water and 
nutrients and space for the growth of the sugar roots, without transition to sugar storage stage in plant. In 
addition, the use of delayed high rates of fertilizer nitrogen and ripping the sugar roots regardless the degree of 
crop maturity and completeness of storage of sugar.  In our study, sugar roots have been uprooting in two dates, 
in the second half of May, and in the second half of July (traditionally in Syria of the autumn cultivation date). 
Our results showed no significant differences in the firsts date between various studied factors, Table (4). The 
significant differences in the previous indicators did not reflected positively on the root yield which was in the 
first density 31.42, 33.77 and 24.37 (t/ha) in the irrigation methods (R) , (I) and (F) respectively, and in the 
medium density 26.35, 30.33 and  26.17 (t/ha) in the irrigation methods (R) , (I) and (F) respectively, and in the 
third density 25.28, 30.29 and 21.02 (t/ha) respectively, Table (4). 
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Table 4: Effect of Irrigation methods and Plant density in Root yield (t/ha) during May 2010. 

Plant density 
Irrigation methods 

Mean of plant density R I F 
1 31.42 33.77 24.37 29.85 
2 26.35 30.33 26.17 27.62 
3 25.28 30.92 21.02 25.74 
Mean of irrigation 27.68 31.67 23.85 - 
CV% 8.6 
L.S.D 0.05 4.776  Irrigation methods 2.463 Plant density 5.161 Irrigation methods* Plant density 

 
Table (5) showed that approaching physiological maturity lead to increase in sugar root yield per unit area 

compared with the first date. This results showed that in the first density (high density) (20 cm spaces) was no 
significant effect of irrigation methods on root yield. Generally, significant differences were observed between 
three irrigation methods studied, while the irrigation method (I) showed superiority comparing with other 
methods. Regarding plant densities, the first density showed superiority comparing with other densities studied 
in this experiment. 

 
Table 5: Effect of Irrigation methods and Plant density in Root yield (t/ha) during June 2011. 

Plant density 
Irrigation methods 

Mean of plant density 
R I F 

1 65.67 65.42 63.89 64.99 
2 50 64 47.58 53.86 
3 48.18 49.77 37.84 45.227 
Mean of irrigation 54.62 59.73 49.77 - 
CV% 6.2 
L.S.D 0.05 1.709  Irrigation methods 3.485 Plant density 5.042 Irrigation methods* Plant density 

 
Sweetness degree or Brix degree: 

 
Sweetness degree is very important indicator for the sugar factories and companies, and thus, the date of 

uprooting sugar roots determined by sugar factories and companies by taking random roots samples from 
different places in the field to estimate the sugar percentage by handheld Refractometer. Farmer is given a 
supply of card production it the roots sugar percentage reached the level 16%, if not the extraction of sugar roots 
will be delayed and farmer demanded to give another irrigations, pending the completion of storage of sugar in 
the roots, noting here that most of the sugar factories and companies refuse the production if sugar degree was 
less than 13-14%. In our study, the sugar degree was estimated at same date of determining the number of 
leaves, shoot weight and root yield in the second half of May and the second half of June in both seasons. The 
results showed that the sugar beet roots uprooting in the second half of May, the sweetness degree was less than 
11% in the modern irrigation methods regardless the plant densities, while sweetness degree ranged from 13-
14% in flood irrigation, in season 2010. This could be explain by delayed growth in the root of modern 
irrigation methods, which had larger shoot comparing with the flood irrigation method, which means, that the 
plants are still in growth stage and consume the photosynthetic products and did not begin storage stage. 

The statistical analysis of the 2010 season data, showed significant differences only between the irrigation 
methods, while data from season 2011 showed significant differences between the irrigation methods and the 
plant densities separately where the effect of irrigation methods and plant densities interaction disappear, table 
(6), (7). With the completion of the sugar beet root growth was the uprooting in the second half of July. 
Regardless of the plant density studied, the modern irrigation methods gives Brix degree with (R) 15.82 %, (I) 
17.15% and 14.33 in flood irrigation, in season 2011. The significant differences between irrigation  methods 
were only in the season 2010 while the season 2011 data showed that the sugar percentage were in the two 
modern irrigation method (I) and (R) 17.15 and 15.82 respectively, Table (7), with no significant effect of plant 
density in season 2010, while first density showed superiority comparing with other densities regardless of 
irrigation methods. 
 
Table 6: Effect of Irrigation methods and Plant density in sugar percentage (%) during May 2010. 

Plant density 
Irrigation methods 

Mean of plant density R I F 
1 10.77 11.33 13.67 11.92 
2 11.33 11.25 14.07 12.22 
3 9.93 10.02 13.25 11.07 
Mean of irrigation 10.68 10.87 13.66 - 
CV% 8.1 
L.S.D 0.05 1.723  Irrigation methods NS Plant density NS Irrigation methods* Plant density 
NS= no significance on 0.05 level. 
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Table 7: Effect of Irrigation methods and Plant density in sugar percentage (%) during June 2011. 

Plant density 
Irrigation methods 

Mean of plant density R I F 
1 16.88 17.68 15.45 16.67 
2 15.98 17.05 14.45 15.83 
3 14.6 16.72 13.7 15.01 
Mean of irrigation 15.82 17.15 14.53 - 
CV% 3.5 
L.S.D 0.05 1.311  Irrigation methods 0.576 Plant density NS Irrigation methods* Plant density 

NS= no significance on 0.05 level. 

 
Theoretical yield of sugar: 

 
This indicator is calculated through the root yield and sugar degree. In this study, the flood irrigation 

method showed superiority when roots are uprooting in the second half of May, while plant densities showed no 
significant effect of theoretical yield of sugar in season 2010, while there was no impact of irrigation methods in 
the season 2011 on the theoretical sugar yield. The results showed that when uproot the sugar beet roots in the 
second half of July the irrigation method (I) was superior comparing with other irrigation methods, especially 
when the first and second  plant density 3.88 and 3.65 t/ha respectively  in season 2010 and 11.56 and 10.92 t/ha 
respectively in season 2011, Table (8), (9). No significant differences were observed between irrigation methods 
(R) and (F) in the first plant density in season 2010. It must be noted here that the lowest sugar yield per unit 
area obtained in the third plant density (50 cm between each plant) with the flood irrigation method (2.51 t/ha 
season 2010, 5.16 t/ha season 2011) Table (8), (9). Briefly, the highest theoretical sugar yield per unit area 
obtained in the first plant density and irrigation method (I) followed by the second plant density and the lowest 
was from the third plant density and flood irrigation method.  
 
Table 8: Effect of Irrigation methods and Plant density in theoretical sugar yield (t/ha) during May 2010. 

Plant density 
Irrigation methods 

Mean of plant density R I F 
1 3.45 3.88 3.35 21.9 
2 2.98 3.65 3.41 13 
3 2.79 3.09 2.51 12 
Mean of irrigation 3.07 3.54 3.09 - 
CV% 12.3 
L.S.D 0.05 0.309  Irrigation methods 0.408 Plant density NS Irrigation methods* Plant density 

NS= no significance on 0.05 level. 
 
Table 9: Effect of Irrigation methods and Plant density in theoretical sugar yield (t/ha) during June 2011. 

Plant density 
Irrigation methods 

Mean of plant density R I F 
1 11.13 11.56 9.86 10.85 
2 7.99 10.92 6.85 8.59 
3 7.04 8.27 5.16 6.82 
Mean of irrigation 8.72 10.25 7.29 - 
CV% 8.4 
L.S.D 0.05 0.755  Irrigation methods 0.753 Plant density NS Irrigation methods* Plant density 

NS= no significance on 0.05 level. 

 
Conclusion: 

 
Both quality and quantity of sugar beet roots yield are affected by the rate of seed or plant density per unit 

area, distance between lines and plants within same line affect the germination rate and the rate of plant growth 
and development and productivity (Mayhob, 2001). Increasing plant density lead to increase the sugar content in 
sugar beet roots (Çakmakç et al., 1998), and sugar syrup purity (Smith and Martin, 1977), and sugar yield (Minx 
and Rikanova, 1987). In contrast, the quality of roots decreased especially the sugar roots yield per unit area, 
sugar content and the sugar purity with low plant density, but when plant density increased on the optimal rate 
reduced the yield of sugar as a result of declining productivity of the sugar beet roots and the sweetness degree 
(Märländer, 1990; Minx, 1993; Lauer, 1995; Çakmakç et al., 1998). 

Our results, regardless of the different plant densities used in this study, showed that the second irrigation 
method (I) was superior comparing with the other methods of irrigation in terms of number of leaves/plant, 
while regarding plant densities, the second irrigation method (I) showed superiority especially with the  third 
plant density (low density). The use of modern irrigation methods lead to obtain a greater number of 
leaves/plant. The first method of irrigation (R) more effective in the medium plant density in terms of shoot 
yield per unit area comparing with the irrigation method (I) which excelled in the case of lower and higher 
density, in terms of shoot yield per unit area. The use of modern irrigation methods lead to achieve up to 4 times 
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of the shoot yield per unit area with the traditional irrigation method (F). Generally, the studied factors in this 
study, did not affect the sugar beet roots yield per unit area, the effect of the modern irrigation method disappear 
at the first planting density (20 cm space) to yield 64-66 t/ha while increased the effectiveness of the traditional 
irrigation method (F), and no significant differences in the root yield per unit area was observed using irrigation 
method (I) under medium and high plant densities. Early uprooting the sugar beet roots obtained a low degree of 
root sweetness (during May), while using the modern irrigation method (I) and (R) lead to a sweetness degree 
11%, comparing with 12-14% in the traditional irrigation method (F). When the sugar beet roots uprooted in the 
harvest date, the modern irrigation method (I), regardless the plant densities, showed superiority comparing with 
other irrigation methods, and followed by irrigation method (R) and (F) respectively. 
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