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ABSTRACT 
To determine the effects of different irrigation and salinity levels on qualitative and quantitative yield of sugar beet, an experiment 
was conducted for two years (2006-07)at Torogh Agricultural Research Center, Mashhad, Iran, using two sprinkler systems. Each of 
the two irrigation systems was connected to two water sources with 1 and 6 ds/m salinity. Irrigation was performed via two sprink-
ler pipes (line source) that were placed perpendicular to each other in a 28×28 m area. In each irrigation, sugar beet plants planted 
at the center of the square could receive full irrigation and less water was given to farther plants. Consequently, the salinity level 
was changed from 1 to 5.75 ds/m. At the end of each irrigation, water level and the salinity rate of the can samples located at the 
center of the square networks of 2 × 2 m2 were measured. At the end of the growing season, beet samples were harvested from an 
area of 3 m2 around each can and their yields were determined. Using the data obtained from each network, the quantity of water, 
average salinity level and quantitative and qualitative yield of sugar beet were measured. Results showed that root yield and sugar 
content were influenced by irrigation level and electrical conductivity (EC) of the water applied. With increase in irrigation level 
(with different ECs), root yield and sugar content were increased, and by increasing EC (in the same water levels), root yield and 
sugar content were decreased. The correlations of sugar content and impurities with irrigation level and EC were not statistically 
significant. 
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INTRODUCTION 
n arid and semi-arid regions such as Khorasan 
Razavi, sugar beet irrigation has become a crisis 

and water deficit and salinity are of great impor-
tance. Irrigation is required to produce crops in 
arid and semi-arid regions. However, in such 
areas, water is generally salty, and it is therefore 
reasonable to consider salinity as a variable. Sugar 
beet is one of the major crops in Khorasan Razavi 
province. There are six sugar factories in the prov-
ince. Nabipour and Alizadeh (1998) showed that 
sugar beet is sensitive to drought and salinity dur-
ing germination and emergence, up to one month 
later; light and continuous irrigation is beneficial 

for reducing the risk of salinity and preventing soil 
clogging. Sadre Ghaen (2001) showed that under 
sprinkler irrigation, sugar beet produced more 
root and sugar yields compared with furrow irriga-
tion and among the sprinkler irrigation treat-
ments, supply of 90% sugar beet water require-
ment was found to be the best treatment with 
respect to root and sugar yields. No significant 
difference was observed among the furrow irriga-
tion treatments in terms of root and sugar yield. 

In an experiment conducted by Schafer et al. 
(1979), water use efficiency of sprinkler irrigation 
on different crops was evaluated and sugar beet 
had higher water use efficiency than the other 
crops. In a study by Kayimoglu et al. (1976), four 
different irrigation methods including sprinkler, 
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tape, furrow and flood irrigation effect on sugar 
beet was evaluated. Sugar beet root yield in these 
methods was 65.4, 52.6, 50.1, 46.5 t ha-1, respec-
tively. The amount of sugar produced per unit 
area was not significantly different but the volume 
of water consumption under sprinkler irrigation 
was low. Howell et al. (1987) showed that water 
stress results in the variation of the qualitative 
and quantitative traits of sugar beet. Orchard et 
al., 1960) showed that restricting irrigation reduc-
es sugar beet root yield and increases sugar con-
tent. Evapotranspiration (ET) should be complete-
ly compensated by irrigation to maximize the sug-
ar yield. Hong and Miller (1984) reported that the 
reduction in irrigation to 40-50% would not affect 
the growth of leaf and root and also root yield. In 
sandy soil and in case of root irrigation much less 
than evapotranspiration rate, root function de-
creases sharply. 

Rafei (1995) studied the seasonal dry matter 
accumulation pattern in shoot, root and the whole 
plant of different sugar beet cultivars and re-
ported the reduction of dry matter accumulation 
and the growth indices in all cultivars by salinity 
treatment. It was also shown that salinity treat-
ments had significant effect (P<0.01) on total 
yield, white sugar yield and qualitative traits of 
sugar beet including sugar content, white sugar 
content, losses of molasses sugar, extraction coef-
ficient of sugar, potassium, α-amino nitrogen, al-
kalinity and root crude substances with no impact 
of salinity on shoot yield, sodium and content.  

Mohammadian et al. (1997) reported that the 
germination percentage and average seedling 
length of strong seed lots under normal (EC = 0) 
and different salt treatments (EC = 12 and 22 
dS/m) was significantly higher than weak seed 
lots. Yazdani (2001) showed that in both suscepti-
ble and resistant sugar beet cultivars to salinity, 
salinity stress increased proline content in leaf 
tissue. The amount of proline accumulation in sa-
linity-resistant cultivar was more than susceptible 
cultivar. Also, root chemical analysis showed no 
significant difference between the two forms of 
nitrogen in terms of sugar content, extraction 
coefficient of sugar, sugar yield and molasses sug-
ar content. Other researchers (Mass et al. 1977; 
Shannon et al., 1997) studied the susceptibility of 
different plants to salinity, and reported that al-
though sugar beet is resistant to water and soil 
salinity stresses, it is susceptible at early growth 
stages. Katerji et al. (2001) used models, that es-
timate the water-yield relation under normal con-
ditions, for different plants such as corn, sunflow-

er, sugar beet and potato under salinity condi-
tions. The obtained result led to the fact that the 
yield of these plants is consistent with the results 
of the above relationship. 

Linear source sprinkler (Hanks et al., 1976) has 
been widely used as a useful tool in studies of the 
effect of irrigation on the yield of crops. In this 
system, uniform application of water along the 
irrigation line creates a gradient in the direction of 
perpendicular to the irrigation line. In spite of this 
desirability, a weakness of the linear system is 
that there is no statistical test to show the effect 
of irrigation levels on a crop as the irrigation vo-
lume is always applied systematically (non-
random) (Hanks et al., 1980). Frenkle et al. (1990) 
used a dual linear system to determine the reac-
tion functions concurrently to both salinity and 
water and their interaction with forage corn. Zol-
fegharan (2005) created a variable gradient of wa-
ter and salinity using two line source irrigation 
pipes. In their study, the effects of irrigation vo-
lume on wheat yield under different salinity levels 
was investigated and a general equation was pre-
sented for yield calculation as a function of irriga-
tion and salinity levels. 

In order to investigate the effects of different 
irrigation volume and salinity levels on root and 
sugar yield and their interaction on sugar content 
and impurities, this study was conducted in Mash-
had city. 

MATERIALS AND METHODS 
This experiment was conducted to study the 

effects of irrigation water on sugar beet yield and 
quality at different levels of water salinity at To-
rogh Research Station, Mashhad, Iran during 2006 
and 2007. After a relatively deep plow, one turn 
was made of a light disc and a hard disc. Then, 
leveler and fertilizer spraying were performed. 
Seeds of Dorothea cultivar were planted using 
planter. Plants were thinned at 2-4 leaf stage. The 
row and plant spacings of 50 and 20 cm were ap-
plied, respectively. 

Primary irrigation was performed as furrow to 
hasten seed germination. In accordance with Fig-
ure 1, irrigation was carried out using two single-
line sprinkler irrigation pipes (perpendicular line) 
in a 28 × 28 m2 area (the intersection of two 
tubes). Each of the pipes was connected to a wa-
ter source with salinities of about 1 and 5.75 ds m-

1. At each turn of irrigation, the water was given to 
sugar beet plants at the center of plot based on 
Pennman-Mantheis method, which resulted in the
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Figure 1. Position of spray-measuring cans and location of sprayers on saline and sweet water pipes (irrigation was performed 
during quiet times without wind) 

 
water shortage in the parts farther to the center. 
The average of the salinity reached to any point of 
the land ranged between 1 to 5.75 ds m-1. 

Considering that the pattern of water spraying 
from the line-source technique in an ideal condi-
tion is a single share, the spray pattern in this de-
sign in which two single-strand lines of saline and 
sweet water are perpendicular are formed as a 
cone. On the other hand, since the volume of wa-
ter reaching the plants varied from each of the 
saline and sweet water lines, therefore, salinity 
reached to them varied and was equal to their 
average weight. At each irrigation time, the irriga-
tion volume and salinity (EC) was measured at 196 
points. 

The average of the chemical analysis of irriga-
tion water is presented in Table 1. Saline water 
from the Abbas Abad station, the eastern livestock 
breeding center located at 20 km east of Mash-
had, was transported to the experimental site by a 
10,000-liter tanker and was used for irrigation. 

To determine some physical and chemical 

properties of the soil, composite samples were 
taken from 0-30 and 60-30 cm soil depth. The re-
sults of soil test of the experimental site are pre-
sented in Table 2. 

The rate of fertilizer needed was determined 
on the basis of soil test so that 300 and 250 kg ha-1 
urea and ammonium phosphate fertilizers were 
applied, respectively. After each irrigation, the 
volume and salinity of the collected water inside 
the cans at the center of 2 × 2 m-2 squared net-
works were measured. Irrigation was carried out 
at the time of no wind blowing. The volume of 
water inside the cans (196 points) and salinity 
were measured by Graduated cylinder and porta-
ble EC meter, respectively. 

On November 15th, samples of 3 m2 (2 × 1.5 
m2) were harvested around each can and sent to 
the laboratory. For each plot of the experiment, 
root weights, root number and leaf weight were 
measured. Pulp was prepared and different traits 
such as sugar content, Na, K, and amino-N were 
measured using Beta-Lyser. The sugar yield was 

 
Table 1. Chemical analysis of the irrigation water  

Water resource pH EC 
(ds m-1) 

Anion (meq l-1)  Cation (meq l-1) 

Carbonate Bicarbonate Chlorine Sulfate  Ca Mg Na 

Abas abad Station (salt water) 
Torogh Research Station (fresh water) 

7.35 
7.8 

5.75 
0.8 

- 
1.8 

4.7 
- 

43.5 
03.2 

5.61 
2.35 

 6.3 
2.4 

10.1 
02.4 

40.1 
03 

 
Table 2. Results of soil analysis of the experimental site  

Soil depth 
(cm) 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Soil 
texture 

Bulk density 
(g cm-3) 

Volume of moisture 
content at F.C 

Volume of moisture 
content at P.W.P 

Acidity EC 
(ds m-1) 

00-30 
30-60 

28 
36 

49 
41 

23 
23 

Silty-loam 
Silty-loam 

1.33 
1.33 

27.6 
27.6 

12.9 
12.9 

8.0 
8.0 

1.74 
1.78 
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Figure 2. Correlation of root yield with irrigation volume 
increase (with different EC) 

 
Figure 3. Correlation of root yield with irrigation volume 
increase (with similar EC) 

 

 
Figure 4. Correlation of root yield with EC increase (EC 
changes in static irrigation volume) 
 

volume and different EC values was determined 
and the curve with the highest fitness was deter-
mined. 

RESULTS 

Root yield 
RELATIONSHIP BETWEEN ROOT YIELD AND IRRIGATION WA-
TER VOLUME. As the volume of irrigation water 
(with different EC values) increased from 1000 m3 
to 12000 m3, root yield increased. At the early 
stages of the growth, root yield increased slowly 
and continued to increase sharply, and again, at 
irrigation volumes higher than 10,000 m3, the root 
yield growth became slow. Equations fitted to 
these numbers are of second degree polynomial 
type and have a correlation coefficient of r = 0.95 
(Figure 2). 

If the irrigation volume is classified according 
to the EC and its relation with irrigation increase is 
drawn, it will be determined that with increasing 
irrigation, the root yield in all EC treatments would 
increase. In a static EC, the root yield is strongly 
affected by irrigation volume. With increase in 
irrigation volume, regardless of its quality, the 
root yield is greatly increased. The greater the vo-
lume of irrigation, the greater the difference in 
root yield between different EC treatments (Figure 
3). The reason is that in sugar beet, root yield has 
a very strong relationship with irrigation volume 
and with an increase in irrigation volume, root 
yield would increase in all treatments. 

RELATIONSHIP BETWEEN ROOT YIELD AND EC. By increas-
ing the electrical conductivity of irrigation water 
from one to five, there was no significant linear 
correlation between increasing electrical conduc-
tivity and root yield, although the root yield de-
creased. The correlation coefficient in the above 
linear equation was r = 0.57. If irrigation treat-
ments with different EC are classified according to 
the irrigation volume, the relationship between EC 
changes and sugar yield becomes significant (Fig-
ure 4). As mentioned above, there was no signifi-
cant correlation between root yield and irrigation 
with different EC levels. However, if irrigation 
treatments with different EC values are classified 
based on irrigation volume, the effects of electric-
al conductivity changes on root and sugar yield are 
completely determined. Results showed that in all 
irrigation treatments, with increase in EC, the root 
yield decreased. In higher irrigation volumes with 
increase in EC, the yield reduction was higher but 
in lower irrigation volumes, the root yield de-
creased with a lower slope. In other words, in low 
electrical conductivity, the difference in root yield 
among different irrigation treatments is high and 
the with an increase in EC, the difference between 
treatments is lower. For example, in treatment of 
10000 m3 irrigation, with an increase in EC from 
one to five, root yield decreased to 42%. 

COMBINED EFFECT OF IRRIGATION AND SALINITY ON ROOT 
YIELD. The irrigation volume, EC, and obtained root 
yields at harvest points were plotted in a three-
dimensional space (Figure 5). This plot shows the 
variations in root yield in relation to the irrigation 
depth and salinity using field data in two years of 
the experiment. As shown in this figure, in an 
equal irrigation volume, lower salinity levels had 
higher root yields. In all salinity treatments, with 
increase in irrigation volume, root yield would 
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Figure 5. Root yields in relation to applied irrigation water 
(AW) and salinity (EC) 

 
increase. This indicates the importance of irriga-
tion in root yield increase. 

Sugar content and impurities 

RELATIONSHIP OF SUGAR CONTENT AND IMPURITIES WITH 
IRRIGATION WATER VOLUME. The relationship be-
tween sugar content and increase in irrigation vo-
lume (with different EC levels) was not significant 
(r = 0.012). With increase in irrigation volume 
(with different EC levels), no correlation was 
found between water consumption and impurities 
including Na, K and N. 

RELATIONSHIP OF SUGAR CONTENT AND IMPURITIES WITH 
EC. With increase in EC, regardless of irrigation 
volume, no significant relationship was found be-
tween EC and sugar content. There was also no 
significant relationship between EC increase and 
impurities such as Na, K and N. The classification 
of EC based on equal irrigation volume did not 
show any linear correlation between EC increase 
and sugar content and impurities. 

Sugar yield 

RELATIONSHIP BETWEEN SUGAR YIELD AND IRRIGATION 
WATER VOLUME. With increase in irrigation water 
volume (with different EC values), the sugar yield 
increased. Increasing the irrigation volume to 
about 10000 m3 resulted in sharp increase in sugar 
yield and from 10000 m3 onward, the trend was 
slowed down and then remained almost constant. 
The relationship is 2nd degree polynomial with r = 
0.93 (Figure 6). If the treatments are classified 
based on different EC values with equal irrigation 
volume, the relationship between sugar yield and 
irrigation volume has an increasing trend with 
high correlation (Figure 6). 

 
Figure 6. Correlation of sugar yield with irrigation water 
volume (with different ECs) 

RELATIONSHIP BETWEEN SUGAR YIELD AND EC. The corre-
lation between sugar yield and increased EC was 
0.33. With increase in EC (in equal irrigation water 
volume), the sugar yield decreased but the reduc-
tion was not significant. If irrigation treatments 
with different EC levels are classified according to 
the equal irrigation level, and under this condition, 
the relationship between sugar yield and irrigation 
water volume be drawn, with an increase in EC, 
the sugar yield would decrease sharply. 

Root and sugar yields were influenced by irri-
gation water volume and EC. Increasing the irriga-
tion volume, regardless of its EC, increased root 
yield. However, increasing EC level alone, regard-
less of irrigation volume, would not decrease root 
and sugar yields. However, under equal irrigation 
volume, with increase in EC, root and sugar yield 
decreased. By increasing irrigation volume, in wa-
ter with high EC, the yield reduction due to water 
shortage can be compensated. With increase in 
electrical conductivity (under equal irrigation lev-
el), root yield had a decreasing trend. The white 
sugar yield and sugar yield were not influenced by 
the increase in EC. As a result, with increase in EC 
(under equal irrigation volume), the sugar yield 
also decreased. With increase in irrigation volume, 
the slope of the yield reduction increased with 
increase in EC.  

In this paper, the relationships of EC and irriga-
tion water volume with root and sugar yields, sug-
ar content and impurities were investigated. In 
total, it can be deduced that sugar beet is a plant 
with high susceptibility to water stress than salt 
stress. A decrease in irrigation water volume, ir-
respective of its quality, would greatly reduce root 
yield. In other words, if in a given irrigation water 
volume, the salt stress implemented, the root 
yield would not be affected sharply, and even the 
sugar content will increase to a certain extent. 
Therefore, in order to increase the yield in saline 
areas, increasing the irrigation water volume can 
increase the root and sugar yields and reduce the 
damage caused by salinity. 
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