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ABSTRACT 

Two field experiments were conducted in the experimental farm, faculty of 

Agriculture, Cairo university, Giza, Egypt during 2014/2015 and 

2015/2016 seasons to evaluate the tolerance of two monogerm sugar beet 

varieties: Puma and Palace cevek, and two multigerm varieties: Monte 

Bianko and Ninagri to water depletion levels (25, 50 and 75% of the 

available soil moisture). Puma variety was the most tolerant sugar beet 

variety according to stress tolerance index (STI) along with recorded the 

highest leaf area index (LAI) and plant dry weight at 150, 175 and 200 

days after sowing as well as the highest root and sugar yields, followed 

by Monte Bianko, Ninagri and Palace cevek variety throughout the 

growing seasons, while the highest sucrose, purity and sugar recovery 

(SR) percentages resulted from Palace cevek variety. Increasing water 

depletion level from 25 up to 75% negatively affect beet growth traits and 

decreased root yield by 17.45 and 17.44% and sugar yield by 11.63 and 

9.94% in the first and second seasons, respectively. On the contrary, 

sucrose, purity and SR significantly increased as water depletion 

increased, in addition to, the water use efficiency (WUE) increased by 

48.3 and 40.1% in the 1st and 2nd seasons, respectively. Puma variety 

irrigated with 25% water depletion produced the highest LAI, plant dry 

weight, potassium and sodium content as well as root and sugar yields. 

Keywords: Drought, Tolerance indices, Root yield, Quality, Sugar crops, 

Water use efficiency 

1.INTRODUCTION 

rought is the world's costliest natural disasters, mainly in arid and 

semi arid regions. About 70% of the total water consumed in 

agriculture (Huffaker and Hamilton, 2007). In Egypt, sugar 

production depends principally on sugar cane and sugar beet crops.  
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Sugar cane contribute 41.0% of total sugar production (2.25 million tons 

annually), and 59.0% being for sugar beet (Sugar crops and sugar 

production in Egypt, Sugar Crops Council Report, 2018).Sugar beet can 

be grown in a wide range of climate conditions, but drought can be a 

major cause of yield loss, depending on weather condition, irrigation 

management, genotype...etc (Kiymaz and Ertek, 2015). Also, Hoffman 

et al., 2009 and Hassanli et al., 2010 reported that the climatic factors and 

the irrigation regime have a decisive role in production of sugar beet crop 

as well as the variety. In this respect, El-Sabbagh et al. (2003) studied 

the effect of irrigation at 40-45, 60-65 and 80-85% depletion of field 

capacity on sugar beet yields. They found that increasing soil moisture 

depletion from 40-45 to 80-85% significantly decreased plant growth and 

root and sugar yields. Bloch et al. (2006) compared three levels of water 

stress (100, 50 and 20% of maximum water holding capacity, WHC) on 

three sugar beet varieties (Cynthia, Dorothea and the hybrid HI0097). 

They found that leaf and tap root growth and photosynthesis and 

transpiration rate were distinctly reduced under limited water supply, 

while sucrose concentration, Na, K and amino N content increased with 

increasing drought stress. Choluj and Karwowska (2008) and Hussein 

et al. (2008) used 40, 60 and 80% depletion of soil water. They noticed a 

negative relationship between water stress and plant fresh weight, 

whereas in response to water shortage was the accumulation of sucrose 

and increase in sugar recovery % as a result of the reduction in sodium 

and potassium content as an effect of water deficit. Esmaeili (2011), 

Gharib and El-Henawy (2011), Topak et al. (2011) and Baigy et al. 

(2012) reported that increasing water deficit resulted in increasing sugar 

percentage and improving juice purity due to increasing sodium by 

increasing nitrogen absorption, whereas root and white sugar yields 

decrease as water availability decrease. Bahmani et al. (2017) and El-

Darder et al. (2017) evaluated the effect of water stress from 60 up to 

100% of crop water requirement. They found that availability of soil 

water increased root and white sugar yields; however the sugar content 

was reduced. Mahmoud et al. (2018) investigated the effect of three 

water stress levels (30, 50 and 70% of field capacity) on growth, yield and 

quality of three multigerm and two monogerm sugar beet varieties. They 
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found that increasing water stress from 30 up to 70% of field capacity was 

significantly decreased beet growth, root yield reduced by 13.6 and 15.6% 

and sugar yield obtained by 7.5 and 11.5%, but sucrose, purity and sugar 

recovery percentages significantly increased. They also reported that 

monogerm sugar beet varieties were more tolerant to water stress than 

multigerm varieties according to stress tolerance index (STI). Abou-

Salama and El-Syiad (2000) and Mekdad (2012) found significant varietal 

differences of sugar beet crop in leaf and plant weight, sucrose, purity, K 

and sugar recovery percentages, while there were no significant 

differences among varieties concerning root and recoverable sugar yields. 

Hesadi et al. (2015), Haghverdi et al. (2017) and Mehanna et al. 

(2017) evaluated different sugar beet genotypes to water stress. They 

reported that varieties had a significant effect on root and sugar yiels, also 

they noticed that stress tolerance index (STI) can be used as most suitable 

indicators for screening of the drought tolerance genotypes.The target of 

this investigation was to study the effect of water stress levels, varieties 

and their interaction on growth, yield and quality of multigerm and 

monogerm sugar beet varieties. 

2. MATERIALS AND METHODS 

2.1. Experimental site and soil properties 

Two field experiments were carried out in the experimental farm of 

Faculty of Agriculture, Cairo University, Giza, Egypt during 2014/2015 

and 2015/2016 seasons. Chemical and mechanical analyses of the upper 

40cm of the experimental site in both seasons are presented in Table (1). 

Average agro-metrological data of the experimental site (Giza) during the 

growth period in both seasons are presented in Table (2). 

2.2. Studied treatments 

2.2.1. Water regimes: Three water regimes were applied, irrigation at 25, 

50 and 75% depletion of available soil water. By using TDR 300 to 

measure the available soil water, and quant the amount of water from the 

following equation: According to Blaney and Criddle , 1962. 

𝑄𝑤 = [(𝐷𝑝 (𝑄𝑓 −  𝑄𝑤) ∗  𝑅1) ∗  𝑎𝑟𝑒𝑎 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡] 
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Where, Qw: Amount of requested water per plot (m3/plot), Dp: Level of 

depletion (i.e. 0.25 or 0.50 or 0.75), Qf: Field capacity (41%), Qw: Wilting 

point (20%) and Rl: Root length (cm) 

2.2.2. Sugar beet varieties: Two monogerm varieties (Puma and Palace 

cevek) and two multigerm varieties (Monte Bianko and Ninagri), which 

were obtained from the Sugar Crops Research Institite, Agriculture 

Research Center, Egypt. 

2.3. Experimental design, sugar beet plantation and some agricultural 

practice 

A split plot design with four replicates was used; water regimes were 

arranged in the main plot and sugar beet varieties in the sub plot. The sub 

plot area was 15m2 and consisted of five ridges of 5m in length and 60cm 

apart and 17.5cm between hills. Sowing was on 9th and 8th of October in 

2014/2015 and 2015/2016 seasons, respectively. Field was immediately 

irrigated post planting. Seedlings were thinned at 4-6 leaf stage (40 days 

from sowing) to ensure one plant per hill. Amount of 70 kg P2O5 ha-1 in 

the form of superphosphate (15.5 P2O5) was applied at sowing. Nitrogen 

fertilizer at a rate of 240 kg ha-1 in the form of ammonium nitrate (33.5 % 

N) was added in two doses after thinning and four weeks later and 

potassium fertilizer at a rate of 115 kg K2O ha-1 in the form of potassium 

sulphate (48% K2O) was added with the first dose of nitrogen fertilizer. 

Other cultural practices were carried out as recommended. Harvest of 

sugar beet plants took place at 200 days from sowing in each season. 

2.4. Studied traits 

2.4.1. Growth traits 

A random sample of 5 plants were taken at 150, 175 and 200 days after 

sowing from each plot to determine Leaf area per plant (cm2) by using  

digital area meter model U3100, Leaf area index (LAI) according to 

Watson, 1958 as well as plant dry weight (g) which drying in an oven at 

70°C till constant weight. 

𝐿𝐴𝐼 =
LA

P
 

Where LA: leaf area per plant and P:  Land area per plant 
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2.4.2. Juice quality traits 

At harvest a sample of 10 plants from each sub plot was taken randomly 

and the following traits were determined at Delta Sugar Company, Kafr 

El-Sheikh, Egypt. Total soluble solids (T.S.S) % was determined by using 

digital refractometer, model PRI (ATAGO). Potassium and sodium 

percentages were determined by using Venna, Automation BVAnalyser-

IIG-16-12-99, 9716JP/ Groningen/ Holland, according to the procedure of 

Delta Sugar Co., as described by Brown and Lilliland (1964). Sucrose 

percentage was determined by using Automatic Saccharimeter on 

aluminum sulphate basis (Carruthers and Oldfield, 1960). Purity and 

sugar recovery (SR) percentages calculated according to Renfield et al. 

(1993) as follows:  

Purity% = (sucrose %  / T.S.S % ) * 100)  

Sugar recovery = { Sucrose% - 0.029 - (0.343 (Na + K) - 0.094(amino-N)} 

2.4.3. Yields 

Yields were obtained from the middle three rows of each sub plot. Root 

yield (ton ha-1) and recoverable sugar yield (RSY) (ton ha-1). 

RSY =  Root yield (ton/fed) x Sugar recovery % 

2.4.4. Varietal tolerance 

Stress tolerance index (STI) was calculated according to Fernandez 

(1992): 

𝑆𝑇𝐼 =
(𝑦𝑛 . 𝑦𝑠)

(𝑌𝑛)2
 

where :ys : genotype yield under water stress, yn: genotype yield in normal 

condition (Without stress) and Yn : mean yieldof genotypes under normal 

condition.  

The genotype with high STI values will be tolerant to drought stress 

(According to Hesadi et al., 2015). 

2.4.5. Water relations 

2.4.5.1. Amount of applied water (m3 ha-1) 

Total amount of actual applied irrigation water were 7294.1 and 7795.2 

m3 ha-1 for 25%; 5640.0 and 6192 m3 ha-1 for 50% and 4132.8 and 4636.8 

m3 ha-1 for 75% water depletion in the 1st and 2nd seasons, respectively. 
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2.4.5.2. Water use efficiency for root yield (WUEry ) (kg m-3) 

WUEry =
Root  yield (kg.ha−1)

Amount of water applied (m3.ha−1)
. kg. m−3 , According to Jensen 

(1983). 

2.5. Statistical analysis 

Data collected were subjected to the proper statistical analysis of variance 

of split plot design according to the procedures outlined by Snedecor and 

Cochran (1967). Comparison among treatment means was done using 

L.S.D. at 5% level of significance according to Steel and Torrie (1980). 

All statistical analysis was performed by using analysis of variance 

technique of (Mstat-C, 1989) Computer software package. 

3. RESULTS AND DISCUSSION 

3.1. Effect of sugar beet varieties 

Varieties significantly differed in leaf area index (LAI) and plant dry 

weight at all sampling dates in both seasons (Fig. 1). Puma variety 

surpassed the other varieties in LAI and plant dry weight followed by 

Monte Bianko, Ninagri and Palace cevek in a descending order at 150, 

175 and 200 days of age in both seasons. In this connection, Ober and 

Luterbacher (2002) and Rajabi et al. (2009) reported that there were 

genotypic differences in the sensitivity of leaf expansion to drought as 

well as dry matter accumulation. The superiority of Puma variety might 

have been due to its higher dry matter accumulation of leaves and roots as 

well as leaf chlorophyll content. LAI of all varieties gradually decreased 

as plants progressive towards maturity. On the other hand, plant dry 

weight increased towards maturity. The later growth stage,175-200 days 

of age, of all the studied beet varieties recorded the highest increment in 

plant dry weight, despite the highest reduction in LAI was recorded. 

Similar trend in results was reported by Hoffmann (2010) who reported 

that root dry matter increased up to 27 weeks after sowing, whereas leaf 

dry weight increased up to 15 weeks, reflecting senescence of leaves as a 

result of translocation of photosynthates from leaves to roots.  Results in 

Table 3 revealed significant differences among varieties in potassium, 

sodium, sucrose, purity and sugar recovery percentages in both seasons, 
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except sodium and purity percentages in the 1st season. Puma variety 

recorded the highest potassium % (1.29 and 1.76%) and sodium % (0.68 

and 0.72%) in the first and second seasons, respectively, followed by 

Monte Bianko, Ninagri and Palace cevek variety in both seasons. In 

contrast, Palace cevek variety produced the highest values of sucrose, 

purity and sugar recovery percentages in both seasons followed by 

Ninagri, Monte Bianko and Puma in a descending order. The superiority 

of Palace cevek might have been due to its small size roots and the small 

roots are assumed to contain higher sucrose content, which reflected 

positively on purity and sugar recovery values of Palace cevek variety, 

while vice versa was recorded for Puma variety. Some workers have 

reported differences among beet varieties in the quality traits (Gobarh 

and Mekki, 2005; Khalil, 2010; Mekdad, 2012). As reflecting to 

exhibited varieties differences in the previous traits, root and sugar yields 

significantly differed (Table 4). The superiority of Puma variety in growth 

traits, in terms of, LAI and plant dry weight resulted in surpassing the 

other varieties in beet yields with an average (91.23 and 12.91 ton ha-1) 

over the two growing seasons for root and sugar yields, respectively. The 

high sugar production of Puma variety as a result of its higher root yield 

which compensated the lower content of sucrose, purity and sugar 

recovery percentages and finally sugar yield increased, whereas Palace 

cevek variety recorded the lowest root and sugar yields in both seasons. 

These results are in agreement with Zocca (1974), Jassem (1982) and 

Mohmoud et al. (2018) whom they reported that root and sugar yields of 

the monogerm varieties were higher than multigerm varieties. Hoffmann 

et al. (2009) and Haghverdi et al. (2017) found that there were significant 

differences among sugar beet varieties in root and sugar yields, while 

Ahmad et al. (2012) found no significant differences in sugar beet yields 

among varieties. Water use efficiency (WUE) for root yield differed 

significantly among sugar beet varieties (Table 7) in both seasons. Puma 

variety recorded the highest values, followed by Monte Bianko, Ninagri 

and Palace cevek in a descending order in both seasons, reflecting the 

superiority of Puma variety in root yield.  
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3.2. Effect of water depletion levels 

Leaf area index (LAI) and plant dry weight were significantly affected by 

water depletion levels at all sampling dates in both seasons, where water 

depletion markedly decreased both LAI and plant dry weight (Fig. 2).  

Increasing water depletion level from 25 up to 75% of the available soil 

moisture decreased LAI by 20.1, 8.5 and 21.8% and decreased by 16.4, 

20.8 and 12.1% as well as plant dry weight decreased by 23.0, 35.3 and 

25.4% and decreased by 24.3, 37.2 and 30.3% at 150, 175 and 200 days 

after sowing in the 1st and 2nd seasons, respectively. The same trend was 

reported by Hoffmann (2010) who mentioned that water stress restricted 

the growth of sugar beet plant organs. Also, Masri et al. (2015) and 

Haghverdi et al. (2017) found that water deficit hastened the senescence 

of leaves, which reduced the photosynthetic efficiency of the leaves and 

the amount of light intercepted by the canopy as reported by Choluj et al. 

(2004), which were reflected on the reduction in root and leaves dry 

weight and consequently plant dry weight. Effect of drought treatment at 

successive growth stages reduced dry matter of the whole plant were also 

reported by Hussein et al. (2008) and Gharib and El-Henawy (2011). 

Potassium, sodium, sucrose, purity and sugar recovery percentages 

significantly affected by water depletion levels in both seasons (Table 5). 

Potassium and sodium content gradually decreased with increasing water 

depletion from 25 up to 75%. The decrease amounted to 3.2 and 11.9% 

for K and amounted to 40.0 and 28.8% for Na in the 1st and 2nd seasons, 

respectively. This was in agreement with Choluj et al. (2004), Mahmoodi 

et al. (2008) and Kiymaz and Ertek (2015). On the contrary, Baigy et al. 

(2012) found that K and Na content were not significantly affected by 

irrigation treatments. On the other hand, increasing water depletion level 

from 25 up to 50% increased sucrose % by 0.73 and 4.37%, purity % by 

0.48 and 0.40%, and consequently sugar recovery (SR) increased by 1.10 

and 2.93%, at the same trend increasing water depletion level from 50 up 

to 75% increased sucrose% by 2.74 and 6.51%, purity % increased by 

3.62 and 1.32, and SR increased by 5.87 and 5.96% in the first and second 

seasons, respectively. This increase in purity and sugar recovery 

percentages as water depletion increased may be due to the reduction in 
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impurities component, potassium and sodium, and to the increase of 

sucrose percentage. Similar findings were reported by Choluj and 

Karwowska (2008) whom they noticed that water deficit significantly 

increased sucrose accumulation and reduced Na and K. Abdul Malik et al. 

(2014), Bahmani et al. (2017) and Zare Abyaneh et al. (2017) reported 

that sugar content and SR were significantly affected by increasing water 

deficit from 100 to 50% of irrigation water requirements. On the other 

hand, Kiymaz and Ertek (2015) reported that SR% was not significantly 

affected by irrigation treatments. Results clarified that each increase in 

water depletion level was accompanied with a significant reduction in 

root and sugar yields (Table 6). Increasing water depletion level from 25 

up to 75% decreased root yield by 17.49 and 17.44% and sugar yield 

decreased by 11.63 and 9.94% in the first and second seasons, 

respectively. This reduction in root yield might have been due to the 

depressive effect of drought stress on beet growth, in terms of, LAI and 

plant dry weight as mentioned before. It is worth noting that the reduction 

in root yield accompanying water depletion was not compensated the 

increase in sucrose, purity and SR% and by finally sugar yield decreased. 

The same findings were reported by Yonts et al. (2003), Ucan and 

Gencoglan (2004), Hosseinpour et al. (2006) and Nourjou (2008) whom 

they reported that root yield was significantly decreased as irrigation 

amount decreased, which may be attributed to translocated metabolic 

products from leaves to root and finally sugar yield decreased. Topak et 

al. (2016) found that 75% deficit irrigation decreased sugar yield by 

26.97% compared with full irrigation. Similarly Bahmani et al. (2017) 

reported that full irrigation produced the highest sugar yield (11.09 ton ha-

1). Increasing water depletion level from 25 up to 75% significantly 

increased water use efficiency (WUE) for root yield by 48.3 and 40.1% in 

the 1st and 2nd seasons, respectively (Table 7). These increases were 

mainly due to that treatment of 75% water depletion irrigated with the 

lower quantities of water compared to the other treatments. Similar 

findings were reported by Topak (2011) and Bahmani et al. (2017) who 

reported that water stress increased WUE, where irrigate sugar beet crop 

with 25% of plant water requirement had the highest WUE for root yield. 
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3.3. Effect of varieties x water depletion levels interaction 

Water depletion levels and varieties interaction exhibited significant 

effect on growth, quality, yield traits as well as water use efficiency 

(WUE) in both seasons. The Puma variety irrigated with 25% soil water 

depletion produced the highest values of LAI and plant dry weight at all 

sampling dates in both seasons as well as the highest root yield (97.77 and 

95.86 ton ha-1) and sugar yield ( 12.22 and 12.46 ton ha-1) in the first and 

second seasons, respectively. On the other hand, the highest WUE (21.11 

and 18.37 kg m-3) in the 1st and 2nd seasons, respectively, resulted from 

Puma variety with 75% water depletion level. The differential yield 

response of sugar beet varieties to water stress has been reported by 

Shehata et al. (2000), Ober and Luterbacher (2002) and Moosavi et al. 

(2017). Also Sadeghian et al. (2000) found that root and sugar yields 

exhibited large differential genotype responses to drought stress. Some 

high yielding genotypes were productive in stress and non stress 

environment. Rajabi et al. (2009) found that all genotypes decreased 

sugar yield under drought condition in compared to well water condition.  

On the other hand, the highest sucrose % (17.48 and 18.76 %), purity % 

(88.58 and 85.33%) and sugar recovery (16.01 and 15.99 %) in the first 

and second seasons, respectively, resulted from Palace cevek variety 

grown under 75 % water depletion level. Similar findings were reported 

by Shehata (2000) and Kiymaz and Ertek (2015) whom they reported that 

sugar beet varieties responded differently to water deficit with respect to 

sucrose percentage. Sugar beet varieties differed in their response to 

drought stress condition according to stress tolerance index (STI) (Table 

8). Puma variety was the most tolerant variety, followed by Monte 

Bianko, Ninagri and Palace cevek variety in a descending order in both 

seasons. The superiority of Puma variety might be reflected its better LAI, 

plant dry weight as well as root and sugar yields as previously mentioned. 

Some workers reported that some genotypes expressed uniform 

superiority in both stress and non stress condition, meanwhile other 

genotypes performed favorably only under non stress condition, and sugar 

beet genotypes differed significantly according to tolerance indices 

(Sadeghian et al. 2000; Hesadi et al. 2015). 
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Table 1. Chemical and mechanical analysis of upper 40 cm of soil in 

2014/2015 and 2015/2016 seasons 

Analysis Season 
 1st 2nd 

Chemical analysis 

Available N (%) 0.095 0.095 

Available P (%) 0.080 0.090 

Available K (%) 0.660 0.680 

pH 8.47 8.68 

EC (ds/m) 0.52 0.57 

Mechanical analysis 

Sand (%) 41.5 42.5 

Silt (%) 24.9 26.2 

Clay (%) 33.6 31.3 

Soil type Clay loam 
 

Table 2. Average Agro-meteorological data of the experimental site 

(Giza) during the growth period in both seasons 

Month 
T (°C) 

Max. 

T (°C) 

Min. 

Aver. 

Temp.(°C) 

Sum prec. 

(mm) 

 1st season 2014/2015 

Oct-13 20.3 10.8 15.5 0.007 

Nov-13 25.3 14.3 19.8 0.000 

Dec-13 19.8 8.1 14.0 0.039 

Jan-14 20.7 8.3 14.5 0.000 

Feb-14 21.8 8.3 15.0 0.000 

Mar-14 24.8 10.5 17.7 0.000 

Apr-14 28.8 13.7 21.3 0.000 

May-14 32.0 17.6 24.8 0.003 
 2nd season 2014/2015 

Oct-14 27.2 16.4 21.8 0.000 

Nov-14 23.7 13.0 18.3 0.003 

Dec-14 21.6 9.8 15.7 0.000 

Jan-15 18.9 7.5 13.2 0.001 

Feb-15 20.4 7.3 13.8 0.000 

Mar-15 24.4 10.0 17.2 0.000 

Apr-15 26.8 10.9 18.8 0.000 

May-15 31.4 16.3 23.9 0.000 
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Table3. Effect of varieties on juice quality traits over all water depletion levels in both seasons 

Table 4. Effect of varieties of sugar beet yields (ton ha-1) over all water depletion levels in both seasons 

Varieties 

)1-Root yield (ton ha )1-Sugar yield (ton ha 

Season 

st1 nd2 st1 nd2 

Puma 92.76 a 89.69 a 12.98 a 12.84 a 

Palace cevek 73.66 d 74.09 d 11.38 d 11.09 d 

Monte Biank 83.14 b 81.41 b 12.24 bc 11.84 b 

Ninagri 83.02 bc 80.50 bc 12.31 b 11.74 bc 

L.S.D. at 5% 3.19 4.06 0.55 0.60 

Varieties 
Potassium % Sodium % Sucrose % Purity % Sugar recovery % 

Season 

 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Puma 1.29 a 1.76 a 0.68 a 0.72 a 15.56 d 16.94 d 84.15 a 81.75 d 13.99 d 14.21 d 

Palace cevek 1.20 bcd 1.56 d 0.61 a 0.66 bcd 17.29 a 17.67 a 86.12 a 83.30 a 15.36 a 14.97 a 

Monte Bianko 1.25ab 1.67 b 0.65 a 0.68 b 16.40 bc 17.33 bc 85.23 a 82.58 bc 14.72 bc 14.54 bc 

Ninagri 1.24 abc 1.66 bc 0.65 a 0.67 bc 16.52 b 17.39 b 85.42 a 82.69 b 14.82 b 14.57 b 

L.S.D. at 5% 0.06 0.06 N.S 0.03 0.31 0.19 N.S 0.52 0.32 0.24 
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Table 5. Juice quality traits of sugar beet as affected by water depletion levels at harvest in both seasons 

Water 

Depletion 

Potassium % Sodium % Sucrose % Purity % Sugar recovery % 

Season 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

25 1.27 a 1.76 a 0.75 a 0.80 a 16.49 bc 16.48 c 83.95 bc 82.01 bc 14.34 bc 14.01 c 

50 1.24 ab 1.68 b 0.74 ab 0.68 b 16.61 b 17.20 b 84.35 b 82.33 b 14.49 b 14.42 b 

75 1.23 b 1.55 c 0.45 c 0.57 c 17.02 a 18.32 a 87.40 a 83.42 a 15.34 a 15.28 a 

L.S.D. at 5% 0.04 0.08 0.04 0.03 0.38 0.45 1.26 0.98 0.39 0.24 

Table 6. Sugar beet yields as affected by water depletion in both seasons 

Water Depletion 

Root yield (ton ha-1) Sugar yield (ton ha-1) 

Season 

1st 2nd 1st 2nd 

25 91.68 a 89.74 a 13.15 a 12.58 a 

50 82.46 b 80.81 b 11.95 b 11.66 b 

75 75.65 c 74.09 c 11.62 bc 11.33 bc 

L.S.D. at 5% 3.91 4.97 0.67 0.72 



IRRIGATION AND DRAINAGE 

Misr J. Ag. Eng., January 2019                                                                                    - 230 - 

Table 7. Water use efficiency (WUE) for root yield (kg m-3) as 

effected by water depletion levels, varieties and their 

interaction at harvest in 2014/2015and 2015/2016 seasons 

Water 

depletion 

levels 

Varieties 
First season 

2014/2015 

Second season 

2015/2016 

25% 

Puma  13.40 12.30 

Palace cevek 11.85 10.90 

Monte Bianko  12.29 11.41 

Ninagri  12.14 11.14 

           Mean 12.42 11.44 

50% 

Puma  16.34 14.39 

Palace cevek 13.45 11.96 

Monte Bianko  14.48 13.12 

Ninagri  14.26 13.03 

           Mean 14.63 13.13 

75% 

Puma  21.11 18.37 

Palace cevek 13.76 13.49 

Monte Bianko  19.38 16.14 

Ninagri  19.42 16.09 

           Mean 18.42 16.02 

Mean for 

varieties 

Puma  16.95 15.02 

Palace cevek 13.02 12.12 

Monte Bianko  15.39 13.56 

Ninagri  15.27 13.42 

L.S.D. at 5% for : 
  

Water depletion (Wd) 1.08 0.92 

Varieties (V) 2.79 2.60 

Wd x V 5.47 4.87 
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Table 8. Stress tolerance index (STI) of sugar beet varieties in both 

seasons 

Season 
STI 

Puma Palace cevek Monte Bianko Ninagri 

1st 1.26 0.72 0.92 0.84 

2nd 1.21 0.68 0.88 0.82 

 

 

 

Fig. 1. Leaf area index (LAI) and plant dry weight (g) of some Sugar Beet 

varieties over all water depletion levels at 150, 175 and 200 days after 

sowing in both seasons 
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Fig. 2. Leaf area index (LAI) and plant dry weight (g) under water 

depletion levels at 150, 175 and 200 days after sowing in both seasons 

4.CONCLUSION 

Tolerance of four sugar beet varieties to soil water depletion levels was 

the target of the study. Growth, quality as well as root and sugar yields 

differed significantly among the studied beet varieties. Puma a monogerm 

variety recorded the highest growth and yield traits, followed by Monte 
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sucrose, purity and sugar recovery % resulted from Palace cevek variety. 

25% water depletion recorded the best growth and yield traits, whereas 

the highest water use efficiency resulted from 75% water depletion 

treatment. Puma variety irrigated with 25% water depletion recorded the 
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(STI) as follows: Puma, Monte Bianko, Ninagri and Palace cevek in a 

descending order. 
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 المخلص العربي 

 مقاومة بعض أصناف البنجر للإجهاد المائي

  2 إيمان إبراهيم رفاعي عمارة  و    1لامي ممدوح محمد حامد

جامعة القاهرة، مصر خلال الموسمين أجريت تجربتين حقليتين بمحطة تجارب كلية الزراعة 

لتقييم تحمل بعض أصناف بنجر السكر للإجهاد  2015/2016و   2014/2015الزراعيين 

 Monte، و صنفين عديدة البذور : Palace cevekو Pumaالمائي )صنفين وحيد البذور :

Bianko  وNinagri( تحت ثلاث مستويات إجهاد مائي )سر من الماء المي %75و  50، 25

 في التربة(.

هذا  STI)علي باقي الأصناف طبقا لدليل تحمل الإجهاد ) Pumaأظهرت النتائج تفوق الصنف 

وكذلك في الوزن الجاف  (LAI)بالإضافة إلي تفوقه في تسجيل أعلى دليل مساحة الأوراق 

يوم بعد الزراعة، كما سجل أعلي محصول من الجذور والسكر،  200و  175، 150للنبات عند 

، خلال موسم الزراعة، في حين Monte Bianko, Ninagri & Palace cevekيليه الصنف 

 .(SR)أعلي نسبة سكروز، نقاوة وعائد السكر  Palace cevekسجل صنف 

% أثر  75حتى  25المتحصل عليها أن زيادة مستوى الإجهاد المائي من  كما أظهرت النتائج

%، بينما  17.44و  17.45سلبا علي صفات نمو بنجر السكر وإنخفض محصول الجذور بنسبة 

% في الموسمين الأول والثاني، علي التوالي.  9.94و  11.63إنخفض محصول السكر بنسبة 

، هذا قاوة وعائد السكر بزيادة مستوى الأجهاد المائيوعلي النقيض، زادت نسبة السكروز، الن

% في الموسم الأول والثاني،  40.1و  48.3بلإضافة إلي زيادة كفاءة إستخدام المياه بمقدار 

 علي التوالي. 

(، LAI% أعطى أعلي قيم من دليل مساحة الأوراق ) 25تحت مستوى إجهاد ة  Pumaالصنف 

 م وصوديوم وكذلك محصول جذور وسكر.  وزن جاف للنبات و محتوى بوتاسيو

جفاف، معايير تحمل الجفاف، محصول الجذور، صفات الجودة، محاصيل الكلمات الدالة: 

 .، كفاءة إستخدام المياهالسكر
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