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Abstract 

This study focused on estimating yield stability of sugar beet cultivars in 

Syria. The data were collected from experimental studies on imported 

cultivars. Nine cultivars of sugar beet were compared in three main winter 

growing regions of Syria in 2021, in randomized complete block design, with 

three replicates. The effect of locations, location ×cultivar was highly 

significant (P≤0.001) on root yield, while no significant differences were 

found among cultivars. Among the cultivars, SM1390 had the highest root 

yield (66.60 t/ha), followed by MK2832 and Milkos (65.96, 65.96 t/ha 

respectively), whereas Prestibel had the lowest root yield (52.77 t/ha). The 

significance of location × cultivar interaction showed that cultivars did not 

have uniform performance at different locations. Estimation of different 

stability indices revealed that Milkos had high root yield and stability, while 

Prestibel and Hospoly were found to be cultivars with low yield and stability. 

Terios and MK2832 displayed moderate stability. The estimation of the 

reliability index of root yield for different cultivars indicated that Milkos, had 

higher reliability than the other cultivars.  

Keywords: Genotype-Environment Interaction, Sugar beet, Stability, Root 

yield. 
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Introduction 

Sugar beet (Beta vulgaris L.) is a biennial plant and one of the most essential sugar crops that it 

contains enough amounts of sucrose (16 - 20%) (Duraisam et al., 2017). It provides wide range of 

products, especially sucrose, pulp for animal feed, and bio products such as ethanol (FAO, 2019). 

Sugar beet is a temperate crop, generally grown in Europe, North America, and Asia’s temperate 

zones. France, Germany, Russia, the USA, and Ukraine are the most sugar beet producing countries 

(Paul et al., 2018). But recently developed, several genotypes can successfully be grown in tropical 

regions. Tropical sugar beet brings significant agronomic, environmental advantages to many tropical 

countries such as India, Pakistan, Sudan, etc. (Islam et al., 2013). The global cultivated area of sugar 

beet in 2019 was 4.63 million ha with a total root yield of 264.56 million tons (FAO, 2020). The 

genotype by environment interaction (GEI) is always acting in crop production by causing variation 

in the varietal performance and ranking under the environmental testing conditions (Ndhlela et al., 

2014). Analysis of genotype interaction with growing seasons and other agro-ecological conditions 

would help to get information on the adaptability and stability performance of cultivars. The 

genotype-environment interaction (GEI) reduces the association between phenotypic and genotypic 

values and leads to bias in the assesses of gene effects and combining ability for various characters 

that are sensitive to environmental fluctuations less amenable to selection (Farshadfar et al., 2000). 

Identification of superior genotypes through GEI became complicated for a range of environments to 

determine their true genetic potential (Yaghotipoor and Farshadfar, 2007). The importance of GEI in 

national breeding programs has been demonstrated in almost all major crops (Najafian et al., 2010). 

In the context of agriculture, the concept of stability is mostly used as a criterion to measure the 

temporal or spatial invariability of specific features. Here, stability can thus be understood as 

constancy of agricultural outputs, especially of yield, over long periods of time or across various 

spatial environments (Urruty et al., 2016). The stability of agricultural systems is key in adapting to 

climate change (Olesen et al., 2011) and is an important goal when diversifying agricultural systems 

(Hufnagel et al., 2020). Analyses of yield stability have become more important in recent years since 

the increased variability of climate is also associated with a decreased stability of crop yields (Müller 

et al., 2018; Najafi et al., 2018). In a study in Iran comprised of 51 sugar beet genotypes the additive 

main effects and multiplicative interaction analyses showed significant environment main effects 

with respect to all observed traits, except extraction coefficient of sugar. The additive main effects 

and multiplicative interaction stability values ranged from 0.009 (G17 for leaf Ca2+) to 9.698 (G09 

for extraction coefficient of sugar). The parental forms 2 7233-P.29 (G38) and C CMS (G49) as well 

as hybrids 2(6)*C (G27) and 5*C (G33) are recommended for further inclusion in the breeding 

programs because of their stability and good average values of observed traits (Abbasi and 

Bocianowski, 2021). Hemayati et al (2017) studied Twenty-one cultivars of sugar beet in 12 main 

spring growing regions of Iran in 2014. The effect of location, cultivar and location × cultivar 

interaction was significant (P≤0.05) on root yield. Among the cultivars, Pauletta and Fernando had 

the highest root yield (75.8, 80.5 t/ha), Estimation of different stability parameters revealed that 

Fernando, Pauletta, SBSI-034 and BTS-335 had high root yield and stability. The estimation of the 

reliability of root yield for different cultivars at different levels of agriculture development indicated 

that Pauletta, Fernando, SBSI- 034, TBS-335 and Aria had higher reliability than the other cultivars 

under both modern and subsistence farming conditions.  Al Jbawi et al (2017) studied adaptation of 

14 commercial monogerm cultivars of sugar beet in three successive years 2009-2011 at major sugar 

beet producing location in summer sowing time, Deir Ezzor, in Syria, combined analysis over years 

for four traits including Sucrose content% (SC), Purity % (P), Root yield (RY), and Sugar yield (SY) 

exhibited a significant differences (P≤0.05) among varieties, indicating genetic differences. Results 
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of yield stability statistics (Ysi) revealed that three of the monogerm sugar beet varieties (Rafal, 

Agora, and Sherif) were judged as stable for all of the studied traits. Hassani et al (2018) evaluated 

49 sugar beet genotypes in four different geographical locations in two years. The results of AMMI 

analysis indicated that variations in environmental conditions and the GEI significantly affected root, 

sugar and white sugar. The share of main variance components in the AMMI model analysis showed 

that 58.2, 59.7 and 61.63% of the total variation in root yield, white sugar yield and sugar yield data 

were attributed to the environment component (E), respectively. GEI contributed to 17.87, 16.83 and 

19% of the total variation of root yield, sugar yield and white sugar yield, respectively. Genotype had 

the lowest share in the total variations of the three traits.  

The objectives of this study were to (1) assess the effect of cultivar, location and cultivar×location 

interactions on root yield of 9 sugar beet cultivars, (2) estimate their stability indices, and (3) 

determine cultivars with high reliability index and yield. 

MATERIALS AND METHODS 

Plant materials and cultivation site: Nine multigerm (exotic) sugar beet cultivars were evaluated in 

terms of root yield in three locations in Syria in 2021season. The locations included Homs agricultural 

research center (latitude of 43.77º N, and longitude of 36.71º E with an altitude of 485 meters above 

sea level), Hama agricultural research center (latitude of 35.08º N, and longitude of 36.45º E with an 

altitude of 316 meters above sea level) and AL-Ghab agricultural research center (site latitude of 

36.19º N, and longitude of 35.23º E with an altitude of 174 meters above sea level). Cultivars used in 

this study were shown in table (1). 

Table (1):Cultivars and Their Country of Origin. 

Source Multigerm No. 
Holland HM 11 1 
Holland Hospoly 2 
Holland Milkos 3 
Holland MK 2832 4 
Belgium Polybelga 5 
Belgium Prestibel 6 
Belgium SM 1390 7 
Belgium SR302 8 
Holland Terios 9 

Table (2): Temperatures and Rainfall Distribution in Three Locations 

Location Homs Hama AL-Ghab 

Month Max. 

Temp

. 

°C 

Min. 

Temp

. 

°C 

Rainfal

l 

mm 

Max. 

Temp

. 

°C 

Min. 

Temp

. 

°C 

Rainfal

l 

mm 

Max. 

Temp

. 

°C 

Min. 

Temp

. 

°C 

Rainfal

l 

mm 

October 31.4 17.4 - 32.6 16.8 - 35.00 19.6 - 

Novembe

r 

19.6 10.2 0.7 19.9 9.9 43.8 18.8 8.2 27.00 

December 14.48 5.48 37.9 15.1 5.6 29.2 12.4 4.4 77.5 

January 14.24 8.69 180.8 14.9 4.1 138.7 13.7 1.9 196 

February 16.08 4.81 24.2 17.6 5.1 7.4 16.00 1.5 35 

March 16.78 6.80 32.9 18.8 7.5 17.3 17.1 4.4 105 

April 23.62 10.35 53.6 26.3 11.4 9.8 23.6 7.5 19 

May 30.10 16.38 - 33.5 17.4 - 32.1 12.8 - 

June 30.24 18.36 - 33.9 19.7 - 33.00 18.3 - 
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July 33.63 22.77 - 38 23.0 - 38.5 24.2 - 

      Source: Meteorology station in (Homs, Hama and LA-Ghab) agricultural research centers. 
Agricultural practices: 

Beet seed was planted on 1st of January ±3 days between locations. Each plot size was 14 m2, 

consisted of 4 rows, 7 meters long and 50 cm apart, spaced 20 cm between the plants in each row. 

Nitrogen fertilization was added in the form of urea (N 46 %) at rate of 434kg/ha, in two equal doses; 

the first was added at sowing and the second was added after thinning (at 4-leaf stage). Moreover, 

phosphorous was applied in the form of superphosphate (P2O546%) at 347 kg/ ha at sowing, and 

potassium was applied also at sowing in the form of potassium sulphate (K2O48%) at 250 kg/ha K2O. 

All culture practices such as irrigation, weeds control, insects control etc. were applied in the same 

manner, as usually done. 

Statistical analysis and stability parameters: 

Analysis of variance was conducted for each location, then, Homogeneity of variances was checked 

by Bartlett’s test, followed by combined analysis of variance using Genstat.v12. Means of root yield 

were compared at 5% probability level by least significant difference test. In order to analyze cultivars 

stability, the parameters of environmental variance (S2i), coefficient of environmental variation (CVi), 

Finlay and Wilkinson’s linear regression coefficient (bi), mean of squares of deviation from 

regression line (S2di), Wricke’s ecovalence (W2i), Shukla’s stability variance (σ2i) and linear 

coefficient of determination (R2) were estimated using GEA-R software. 

Reliability index (I) proposed by Kataoka (1963) was used to determine the reliable yield of cultivars. 

This index is used for estimating, on the basis of the distribution of yield values observed across tested 

environments, the lowest yield expected for a given genotype (Eskridge, 1990). It was calculated on 

the basis of the following equation: 

I=mi- Z (P) Si 

Where mi = mean yield, Si = square root of the environmental variance (S2i) and Z(P) = percentile 

from the standard normal distribution for which the cumulative distribution function reaches the value 

P. The Z(P) can assume the following values depending on the chosen P level: 0.675 for P = 0.75; 

0.840 for P = 0.80; 1.040 for P = 0.85; 1.280 for P = 0.90; and 1.645 for P = 0.95. P values may vary 

between 0.95 (for subsistence agriculture in unfavorable cropping regions) to 0.70 for modern 

agriculture in most favorable regions (Annicchiarico, 2002).  

Results and Discussion 

Analysis of variance and means comparison:  

Bartlett’s test indicated homogenous error variance for the root yield in each of three environments 

and allowed to proceed further for pooled analysis across environment.   

The analysis of variance detected no significant differences among cultivars (Table3). Locations, 

genotype × locations interaction were highly significant (p≤0.001) (Table3), as reported by other 

researchers (Moradi et al., 2012; Hozayn et al., 2014; Hoberg et al., 2015; Al Jbawi et al., 2017; 

Hemayati et al., 2017; Tobi et al., 2021; Mehareb et al., 2021). Locations variance indicates variation 

in productivity potential of the locations. The significant of genotype × locations interaction indicates 

that the locations and cultivars selected for the study were highly diverse, and the studied cultivars 

did not have uniform performance in different locations. This mean that no cultivar can be strongly 

recommended for all locations.  

Among locations, the highest root yield was obtained in Hama (76.48 t/ha) and the lowest was 

obtained in Homs (49.62 t/ha). Among the cultivars, the highest root yield was belonged to Milkos, 

MK2832 and SM1390 (65.96, 65.59, 66.60 t/ha respectively), whereas the lowest root yield was 

recorded for Prestibel (52.77 t/ha). Comparison of root yields of cultivars in three regions with high, 
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moderate and low yield potential (Hama, AL-Ghab and Homs respectively) (Table 4) can help better 

analysis of the results. Though being superior cultivars in high yield potential region (Hama),  

MK2832 produced lower root yield than superior cultivars in regions with moderate and low yield 

potential (P≤0.05). Milkos, which was one of the superior cultivars in low-efficient region, produced 

significantly lower yield than the regional superior cultivar in high-potential region. Conversely, 

Hospoly, which was one of the superior cultivars in AL-Ghab, produced significantly lowest yield in 

Homs and Hama and lost its relative competitive advantage in regions with higher or lower production 

potential (Table 4). 

 Table 4. Means Comparison for Root Yield of 9 Sugar Beet Multigerm Cultivars in 9 Regions in 2021. 

Cultivars Homs Hama AL-Ghab mean 

HM 11 56.97 a 70.25 ab 54.98 b 60.73 ab 

Hospoly 42.80 b 66.92 b 69.69 a 59.80 ab 

Milkos 58.21 a 76.64 ab 63.03 ab 65.96 a 

MK 2832 45.17 b 94.41 a 57.20 b 65.59 a 

Polybelga 55.41 a 66.92 b 54.98 b 59.10 ab 

Prestibel 18.93 c 84.13 ab 55.26 b 52.77 ab 

SM 1390 57.36 a 88.30 ab 54.14 b 66.60 a 

SR302 55.42 a 73.58 ab 42.48 c 57.16 ab 

Terios 56.26 a 67.20 b 60.53 b 61.33 ab 

Mean 49.62 c 76.48  a 56.92 b 61.01 

Lsd 5% 8.925 23.36 7.945 15.34 

CV (%) 10.4 17.6 8.1 15.3 

Means with common letter do not have statistically a significant difference. 

 

 

Table (3): Combined Analysis of Variance for Root Yield of 9 Sugar Beet Multigerm Cultivars in 3 

Regions in 2021 

Source of variation d.f m.s. F pr. 

Rep 2 80.88  

Locations 2 5209.55 <.001 

Genotypes 8 185.27 0.051 

Locations* Genotypes 16 391.70 <.001 

Error 52 87.66  

Stability parameters:  
Milkos was cultivars that produced high root yield and displayed low S2i (Table5), indicating that 

yield stability and high yield are not mutually exclusive (Zhang et al., 2017). SR302 display the low 

(S2i) value (the most stable cultivars), and also low root yield, and thus performed as the least adapted 

cultivars across the test environments. Between the top yielding genotypes, cultivar SM1390 

Conversely, was the least stable cultivars and although wide adapted (Table5). 

The cultivar Terios had the lowest CV% of 8.89 according to Francis and Kannenberg’s (1978). Also 

Milkos had low CV% of 14.48 value and high root yield hence these genotypes are considered to be 

highly stable. Prestibel and MK 2832 had the highest CV% (61.9, 39.13 respectively) hence they are 

the least stable (Table.5, Fig.1).  
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Fig(1): Plot CV block 

According to W2i and σ2i indices, the cultivars Milkos was found to be the cultivar with high yield 

and stability, whereas Prestibel was cultivars with low yield and stability (Table 5). The comparison 

of these two indices revealed that σ2i was stricter than W2i. In other words, while W2i categorized 

Terios and HM 11as stable σ2i found them to be unstable. Other cultivars (Polybelga, SR302, were 

categorized as low-yielding, still stable cultivars). On the basis of bi, Polybelga, Terios, Hospoly, 

Milkos, with bi of 0.3932 - 0.6878 were cultivars with greatest stability because of their bi value 

lower than 1.0, which can be recommended for a wide ecological range (Table.5, Fig.2), whereas SM 

1390, MK 2832, Prestibel, with bi of 1.2746- 2.2301 were found to be cultivars whose bi were higher 

than 1 and were adapted to high-yielding environments. In other words, the latter cultivars are usually 

unstable whose yield increased with the improvement of environment and are usually recommended 

for fertile regions (Perkins and Jinks, 1968 ; Lin et al., 1986). 
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Fig( 2): Plot Eberhart&Russell Coefficient block 

Based on S2di and R2, Milkos, Terios, MK2832 were found to be stable cultivars as they had the 

lowest S2di and highest R2 (Table 5). Pinthus (1973) proposed that R2 is better to be used instead of 

S2di because the former is highly dependent upon the latter. 

Table (5): Stability Indices for 9 Sugar Beet Multigerm Cultivars in 3 Regions in 2021 

Gen M

ea
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Gen C

Vi 

Gen bi Gen S2

di 
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3.5 The reliability index (I) 

Making assumption that the technological level of agriculture in Syria falls between the subsistence 

agriculture and modern agriculture, we took (P) = 0.8, which corresponds to a Z(p) = 0.84 to be 

inserted in equation 5. The reliability index (I) ranked the genotypes according to the lowest average 

yield one can expect for each cultivar across the test environments (Table.5). It is not surprising that 

genotype (Milkos) appeared as one of the most reliable genotypes because from the regression 

coefficient analysis it was identified as one with average adaptation (bi coefficient close to 1.0), plus 

its good yield potential (being the best) placed it as 4th in the reliability rank. 

Conclusions: 

According to results, no genotype had superior performance in all environments. Both yield and 

stability of performance should be considered simultaneously to exploit the useful effect of GE 

interactions and to make genotype selection more precise and refined. Genotype Milkos can be 

recommended as the most stable genotype with regard to both stability and yield. Also this genotype 

had the highest reliability index.  
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 Beta)          السك ري           الش وندر لأصناف        الغل ة         ثباتي ة التفاعل الوراثي البيئي ومؤشرات

vulgaris L.) في سورية  المزروعة 
                                    ( 5)جيداء العليشة و  (4)العلي  أحمد و (3)  انتصار الجباوي و  (2)فادي عباس  و    (1)منال عثمان*

 دمشق، سورية. إدارة بحوث المحاصيل، الهيئة العامة للبحوث العلمية الزراعية، (. 1)
 (. مركز البحوث العلمية الزراعية في حمص، الهيئة العامة للبحوث العلمية الزراعية، دمشق، سورية.2)
 (. مديرية الإرشاد الزراعي، وزارة الزراعة والإصلاح الزراعي، دمشق، سورية. 3)
 العلمية الزراعية، دمشق، سورية.(. مركز البحوث العلمية الزراعية في حماة، الهيئة العامة للبحوث 4)
 (. مركز البحوث العلمية الزراعية في الغاب، الهيئة العامة للبحوث العلمية الزراعية، دمشق، سورية.5)
 . )manalosman709@gmail.com * للمراسلة د. منال عثمان،  البريد الإلكتروني) 

 26/10/2022تاريخ القبول:                        31/08/2022تاريخ الاستلام: 
 ملخص ال

      ج معت  سورية، في المزروعة         السك ري           الش وندر لأصناف        الغل ة         ثباتي ة تقييم على  الحالية           الد راسة       رك زت
)حمص، حماة،   ثلاثة مواقع  في       ز رعت والتي المستوردة         السك ري           الش وندر من لتسعة أصناف البيانات
 العشوائية بثلاثة الكاملة القطاعات وفق تصميم الشتوية، العروة في 2021 موسم خلال وذلك  الغاب(

 أعلى بلغت  .الجذري  المردود فيp≤ 0.05     ا   معنوي         تأثيرا   والأصناف المواقع بين التفاعل أظهر .مكررات

 Milkos، MK2832، SM1390 (66.60  ،65.96  ،65.96صناف  الأفي   الجذري  للمردود قيمة
التوالي(، هـ/طن الصنف   على  )  Prestibelفي حين أعطى  الجذري  المردود   52.77أقل غلة من 

 مختلف في الأصناف         سلوكي ة تباين على      يدل   والمواقع الأصناف ما بين التفاعل         معنوي ة         ـ(. إن  طن/ه

 في  ، Milkosالصنف   في الجذري  المردود وارتفاع         ثباتي ة المختلفة،           الثباتي ة مؤشرات أظهرت  .المواقع

 أما  .الجذري  والمردود الثباتية من كل  اضفبانخ  Hospoly  ،Prestibelالأصناف          تمي زت حين

 لصفة الموثوقية درجة لمؤشر بالنسبة  .متوسطة          بثباتي ة           قد تمي زت ف  Terios، MK2832الأصناف  

 هذا قيمة بارتفاع  Milkos  الصنف       تمي ز فقد المواقع مختلف المختبرة في للأصناف الجذري  المردود

   .                       مقارنة  مع باقي الأصناف المؤشر
 .الجذري  المردود           الثباتي ة،         السك ري،          الش وندر ،الوراثي البيئي تفاعل :المفتاحية الكلمات
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