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ABSTRACT 

The current investigation aimed at evaluating the yielding performance 

for 20 faba bean genotypes using randomized complete block design (RCBD) 

and alpha lattice design. The field experiments were conducted using alpha 

lattice design with three replications at Giza Agricultural Research Station 

during the two growing seasons of 2015/2016 and 2016/2017. Four statistical 

criteria being Coefficient of Variation (CV), Relative Efficiency (RE), P-

value and power function were used to investigate the validity and usefulness 

of alpha lattice design over RCBD in accounting for the spatial variability. 

Results showed that alpha lattice design was more precise and effective in 

reducing the experimental error compared to RCBD indicating its great 

ability to detect the significance of small differences among genotypes means. 

The superiority of alpha lattice design over RCBD was clear in both seasons 

because they recorded the lowest values of each of CV and P-value beside the 

highest values of RE and power function. There was inconsistency in the rank 

orders of the genotype means resulted from alpha lattice design compared to 

RCBD. This result might be expected due to the different mathematical 

background of the two designs in removing plot to plot heterogeneity. 

Considering RCBD and alpha lattice designs simultaneously, results showed 

that genotypes number 6, 8 and 10 produced the highest seed yields in the 1st 

growing season with no significant differences among them while in the 2nd 

season, genotypes number 5, 9, 10 and 16 had the maximum seed yield.  

Key words: faba bean, alpha lattice, relative efficiency, precision. 
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INTRODUCTION 

Faba bean (Vicia faba L.) is still the corner stone of the legume crops 

grown in Egypt. It is an important source of high quality and inexpensive 

protein supplement for the majority of the Egyptian population. Also, it is 

known as an efficient atmospheric nitrogen fixer depending on availability of 

Rhizobium spp. that colonizes the legume plants which keeping the Egyptian 

soil fertile and benefits the subsequent crop. In Egypt, the demand for faba 

bean seed for food and feed purposes is increasing yearly.  

Developing high yielding faba bean cultivars with improved seed quality 

is the back bone of any plan to enhance the local faba bean production. A 

good faba bean cultivar comes through evaluation of a large number of 

promising breeding materials at different levels of yield trials. When a large 

items is included in one replicate (as randomized complete block design), the 

replication size would increase and soil heterogeneity might exist and 

aggravate within it. To conduct an efficient variety trial, the experimental 

error must be controlled by choosing an appropriate experimental design or 

by using effective statistical analysis.  

Therefore, an incomplete block design such as alpha lattice design 

(Patterson and Williams, 1976) might be considered a good alternative choice 

for RCBD. Patterson et al. (1978), Patterson and Hunter (1983), Yau (1997), 

Masood et al. (2007 and 2008), Kashif et al. (2011 a and b), Abdel Mohsen 

and Abo-Hegazy (2013) and Abdel-Shafi (2014) used alpha lattice design in 

their field trials on different crops and concluded that this design appeared to 

be a more powerful tool in controlling experimental error than RCBD.  
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Alpha lattice design (sometimes called generalized lattice design) is an 

important version of incomplete block designs group (IBD) that could reduce 

the experimental error by extracting out the variability among small blocks, 

thereby, minimizing the unknown variation within each replication, 

consequently improving the efficiency of field trial compared to RCBD 

(Kashif et al., 2011 a and b). 

Although, alpha lattice design gives more precise results, it was rarely 

used in designing and analyzing the yield trials in Egypt. The main purpose of 

this research was to determine the validity and usefulness of using alpha 

lattice design over RCBD in identifying the promising genotypes in faba bean 

yield trials.  

 

MATERIALS AND METHODS 

A field experiment was conducted at the Experimental Farm of Giza 

Agricultural Research Station, during the two successive seasons of 

2015/2016 and 2016/2017 to evaluate the yielding ability of 20 faba bean 

genotypes. The tested genotypes (denoted as G1 to G20) comprised three 

Egyptian commercial cultivars (Nubaria1, Sakha 3 and Giza 834), in addition 

to 17 genotypes imported from International Center for Agricultural Research 

in Dry Areas (ICARDA). The pedigree of tested genotypes is presented in 

Table (1).  



Ismail, Mona, et al 

 

Vol. 44, No. 2, Dec. 2018 84 

Table (1): Pedigree of the tested faba bean genotypes 

Code no. Genotype Pedigree 

G1 Hudeiba 93 

 
ILB1270XSel.2008 latt629 

G2 S2009,00100 

 
SelF7/8975/05XSel.2007latt7025 

G3 33103 HBP/SOD/2000 

G4 3314 HBP/SOD/2000 
G5 Wadi1 

 

Wadi1 

 
G6 S 2008, 021 

F5 (F7/8990/05 X sel2004latt.47-1) THTRTR21-3 

THTRTR-21-3 

G7 3320 HBP/SOD/2000 

G8 Hudeiba 93 

 
ILB1270XSel.2008 latt629 

G9 S 2008, 057 F5 (F7/8975/05 X sel 2004 latt 214)-THTRTR57-4 

G10 3321 HBP/SOD/2000 

G11 S02010,51 FLIP03-008FB xSel .2008 latt .49 

G12 S2009,0091 ILB4338XSel.2007 latt 7015-2 

G13 S 2008, 057 F5 (F7/8975/05 X sel 2004 latt 214)-THTRTR57-4 

G14 S02010,51 FLIP03-008FB xSel .2008 latt .49 

G15 S 2008, 061 F5 (F78984/05 X sel 2004 latt 78-2)THTRTR-61-2 

G16 3312 HBP/SOD/2000 

G17 S02010,157 ILB1814 Sel TH08 xSel .2007 latt .778-2 

G18 Nubaria1 
Individual plant selection from Spanish variety 

(Rena Blanca). 

 

 

 

 

 

 

G19 Sakha3 
Promising line 716/402/2001 derived from cross 716 

(Giza 461/842/83 x 503/453/83) 

G20 Giza834 (561/2076/85 Skh X 461/845/83) 
 

Faba bean genotypes were laid out in an alpha lattice design with three 

replications as described by Patterson and Williams (1976). Each replication 

was divided into five incomplete blocks with four plots each. The layout of 
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the field experiment was a grid of 15 rows and 4 columns in the two growing 

seasons as shown in table. (1).  

Table (2): The arrangement allocation of 20 genotypes as layout by alpha lattice 

design (three replications with five blocks of four plots each) 

Replication Block 1 2 3 4 

(1) 

1 11 7 8 10 
2 17 4 9 1 

3 5 20 2 16 

4 19 13 6 15 

5 12 14 3 18 

(2) 

1 3 5 4 15 

2 6 17 16 8 

3 7 18 9 19 

4 11 12 13 2 

5 20 1 10 14 

(3) 

1 15 20 8 18 

2 17 2 3 7 

3 12 10 4 6 

4 13 14 16 9 

5 19 5 11 1 
 

Each plot consisted of three ridges of four m long and 0.6 m apart (plot 

area = 7.2 m
2
) with two seeds/hill, 20 cm apart. All other agricultural 

practices were maintained at optimum levels to maximize faba bean 

productivity. At maturity, each plot were harvested to determine the seed 

yield in kilograms per plot and converted to the unit of ardab/feddan (one 

faddan = 4200 m
2
). 

Statistical analysis: Alpha lattice designs are partially balanced designs 

because some pairs of genotypes did not meet in any incomplete block 

(termed as 0), other pairs of genotypes came together in the incomplete 
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blocks once (termed as 1), others came together twice (termed as 2). 

Accordingly, there are many available orders of alpha lattice designs but the 

two orders of (0, 1) and (0, 1, 2) are considered the most efficient and 

accurate structures. In the current work, the layout plan of the 20 tested 

genotypes followed the order of (0, 1).  

Data of seed yield were firstly analyzed using the traditional model of 

RCBD (Cochran and Cox, 1957). Also, the appropriate alpha lattice model 

was used as developed by Patterson and Williams (1976). However, the valid 

standard error was used to estimate the least significant difference (LSD) to 

compare each pair-wise genotype means.   

The statistical comparison among the used models of analysis was 

assessed on the basis of: 

1- Coefficient of variation (CV %) which was calculated to compare the 

efficiency of the two models in reducing the experimental error variance.  

2- Relative efficiency (RE %) was used to assess the improvement in 

precision of alpha lattice design over RCBD. The values of RE% were 

computed as a ratio between error variance of RCBD and that estimated 

from alpha lattice design. If the RE % value is greater than one, then alpha 

lattice results in a smaller error variance and it adjusts the genotype means 

for plot to plot variability. When the RE % is less than one, the alpha 

lattice are less efficient than RCBD. In this case, the trial is analyzed as 

RCBD and the genotype means are not adjusted. Since, error degrees of 

freedom for all used models of analysis were more than 20, their effects on 

RE% are negligible.  
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3- P-value for genotype source of variation was recorded to express Type I 

error. 

4- The power function was estimated to know the ability of the used model to 

detect the significant differences among genotype means (Kirk, 1995).  

In fact, the majority of researchers did not determine power function of 

their field experiments. They make their management decisions only on a   P-

value (Type I error). Glaz and Dean (1988) and Kirk (1995) mentioned that 

power function must be more than 0.80 for statistically acceptable precision. 

Alpha lattice design call for an adjustment of genotype means to discard 

the effects of block which may disturb the genotype ranks compared to 

RCBD. Accordingly, estimates of adjusted genotype means and their ranks 

were compared using Spearman rank correlation coefficients to identify the 

effect of using RCBD and alpha lattice designs on the selection of elite 

genotypes (Browine et al., 1993; Fares et al., 2011; Hager, 2012 and Morsy 

and Fares, 2016). 

 

RESULTS AND DISCUSSION 

The analyses of variance for seed yield (ardab/fed) using RCBD and 

alpha lattice design of the growing seasons of 2015/2016 and 2016/2017 are 

presented in Table (3). Fitting RCBD model, the results showed that the 

genotype source of variation was only significant (P < 0.05) in the first 

season. The replication effect was not significant in the two seasons. These 

results supported the fact that unknown variation did extended through the 

experimental fields (Kirk et al., 1980). Warren and Mendez (1982) indicated 

that blocks failed to account for intra-site heterogeneity when they were too 
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large, poorly oriented, or had within block heterogeneity. The previous results 

confirmed the need for using other corrective design or analysis such as alpha 

lattice analysis which can give the desired precision.  

Alpha lattice design recorded highly significant F-test for genotype effect 

in the two growing seasons. The significance of adjusted genotype effect may 

be due to the remarkable reduction of the error mean square (EMS) from 3.04 

and 4.29 for RCBD to 1.85 and 2.17 for alpha design, in the two growing 

seasons, respectively. However, the highly significance of adjusted block 

term indicated that a considerable component of spatial variability may be 

found within the relatively large replication of RCBD (consisting of 20 plots 

each) which was then effectively removed by the smaller block size of alpha 

lattice design (consisting of only 4 plots each). These results are in 

accordance with the findings of Abdel-Mohsen and Abo-Hegazy (2013), 

Abdel-Shafi (2014), Fares et.al (2011) and Morsy and Fares (2016). 

Table (3): Analysis of variance for seed yield (ardab/fed) using RCBD and 

alpha lattice design in 2015/2016 and 2016/2017 seasons 

Models of 

analysis 
Source of variation D. F. 

Mean square 

2015/2016 2016/2017 

RCBD 

Replications 2 1.06 0.32 

Genotypes 19 6.22* 7.12 

Error 38 3.04 4.29 

Alpha 

Lattice Design 

Replications 2 1.06 0.32 

Blocks/Rep. (adj.) 12 5.62** 8.87** 

Genotypes (adj.) 19 6.94** 9.54** 

Error 26 1.85 2.17 

Total 59   

(*) and (**): Significant at 0.05 and 0.01 probability levels, respectively 
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Patterson and Hunter (1983), and Yau (1997) reported that the 

incomplete block design (such as alpha lattice design) seems to be more 

effective with larger trails than those involving small numbers of entries. The 

present results agreed with those obtained by Pearce, (1978), Lin et al. 

(1993), Kempton et al. (1994) and Qiao et al. (2000). 

In order to make the right decision about the statistically preferred model, 

results in Table (3) showed the comparison among the RCBD and alfa models 

using four statistical criteria being CV %, RE %, P-value and power function. 

The model is statistically preferred when it recorded the highest value of 

RE% and power function, along with acceptable low values of CV % and P-

value. 

Table (3) showed disappointing results when the RCBD was used due to 

the somewhat high estimates values of CV % (17.06 and 20.11) in both 

seasons, respectively), indicating the presence of soil heterogeneity across the 

experimental area. In addition, insignificant P-value was recorded (0.09) for 

RCBD model in the second season compared to 0.03 in the first season. 

However, RCBD model recorded acceptable power function values (> 0.80) 

in the two seasons. The current results confirmed that the spatial 

heterogeneity in the field trials is a reality in spite of the use of replication and 

randomization in RCBD. Also, some uncontrolled factors can cause external 

damage to any field experiment and lead to intra-site variability which is not 

related to the replication position and cannot be controlled by them; even they 

were in the appropriate direction (Pearce, 1980). However, Lin et al. (1993) 
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mentioned that the lack of choice for a proper orientation of replication layout 

is one of the factors that limit the successful use of RCBD.  

Promising results were observed using alpha lattice design in the two 

seasons. Regarding to CV % value, it reduced to 13.31 and 14.41 after using 

alpha lattice analysis, along with securing higher gain of relative efficiency 

over RCBD with 64.32 and 97.70 %, respectively. Also, there was a clear 

improvement in detecting differences among genotypes means since P- value 

dropped to 0.001 and 0.000 with alpha lattice analysis in the two seasons, 

respectively. As well as, power function values increased recording 0.99 in 

the two seasons indicating the great ability of this design to detect the small 

significant differences among genotype averages. Finally the current results 

concluded that the small blocks of alpha lattice structure were more 

homogenous compared to the larger area of the complete replication. Masood 

et al. (2007) mentioned that the small values of standard error of genotypic 

differences (SE diff) resulted from alpha lattice design helped to detect the 

significant smaller differences among genotypes means. Similar results were 

obtained by Yau (1997), Masood et al. (2008), Kashif et al. (2011)a, Abdel-

Mohsen and Abo-Hegazy (2013), Abdel-Shafi (2014) and Morsy and Fares 

(2016). Table 3 estimation of CV%, RE%, P-value and power function for 

alpha lattice design compared to RCBD in 2015/2016 and 2016/2017 growing 

seasons. 
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Table (4): The genotype averages of seed yield (ardab/fed) using RCBD and 

alpha lattice designs in both seasons 

Preference criteria 
2015/2016 season 2016/2017 season 

RCBD Alpha RCBD alpha 

CV % 17.06 13.31 20.11 14.41 

RE % 100 164.32 100 197.70 

P- value 0.03 0.001 0.09 0.000 

Power function 0.92 0.99 0.84 0.99 

Table (4) shows the genotype averages of seed yield (ardab/fed) using 

RCBD and alpha lattice designs in both seasons. Also, Table (4) contains the 

ranks of the highest yielding genotypes at a selection intensity of 20 % (4 out 

of 20 genotypes).  

Considering RCBD and alpha lattice designs simultaneously, results 

showed that genotypes number 6, 8 and 10 produced the highest seed yields 

that ranged from 11.95 to 13.03 ardab/fed in the 1st growing season with no 

significant differences among them. While in the 2nd season, genotypes 

number 5, 9, 10 and 16 had the maximum seed yield that ranged from 13.10 

to 13.99 ardab/fed. The detected differences among the superior genotype 

ranks in the two growing seasons might be attributed to the environmental 

effects and their interaction with various genotypes. Accordingly, the 

previous elite genotypes should be taken into consideration by faba bean 

breeders. These results are in accordance with those obtained by Mohamed 

and Morsy (2005); Hamdi et al. (2008); Fares et al. (2011) and Morsy and 

Fares (2016). 
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Table (5): Mean values of seed yield (ardab/fed) of faba bean genotypes 

estimated from RCBD and alpha lattice designs in 2015/2016 and 

2016/2017 seasons 

Code Genotype 
2015/2016 season 2016/2017 season 

RCBD alpha RCBD Alpha 

G1 Hudeiba 93 11.29 11.15 8.27 8.12 

G2 S2009,00100 8.52 6.78 8.39 7.93 

G3 33103 11.48 11.32 8.18 7.38 

G4 3314 9.24 8.51 11.06 9.51 

G5 Wadi 1 8.48 8.22 12.67 13.99 (1) 

G6 S 2008, 021 12.24 (1) 12.00 

(3) 

9.36 9.45 

G7 3320 11.71 11.88 10.50 9.25 

G8 Hudeiba 93 12.14 (2) 13.03 

(1) 
10.76 10.12 

G9 S 2008, 057 10.71 11.01 12.27 13.28 (3) 

G10 3321 11.95 (4) 11.97 

(4) 

12.58 13.35 (2) 

G11 S02010,51 10.14 9.87 8.49 8.26 

G12 S2009,0091 9.57 8.37 8.41 7.45 

G13 S 2008, 057 8.91 9.18 9.85 11.29 

G14 S02010,51 8.38 9.11 9.76 10.03 

G15 S 2008, 061 8.67 10.18 9.85 8.58 

G16 3312 12.00 (3) 11.66 11.52 13.10 (4) 

G17 S02010,157 8.62 7.51 12.42 10.73 

G18 Nubaria 1 10.95 12.02 

(2) 

11.82 12.01 

G19 Sakha 3 10.67 11.53 10.15 11.80 

G20 Giza 834 8.76 9.14 9.55 10.22 

LSD0.05 2.88 2.28 NS 2.47 

*Bold and underline cells refer to the highest 6 yielding genotypes and their ranks. 
 

Spearman rank correlation coefficients were estimated among the 

genotype means that obtained by RCBD and alpha lattice designs in both 

seasons (Table 5). Results revealed positive and highly significant (P < 0.01) 

Spearman correlation coefficients among the genotype means that obtained 

from the two designs in the 1
st
 season (0.88**) and 2

nd
 season (0.87**).  
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The results cleared no perfect agreement (correlation coefficient r ≠ 1) 

between the two designs in adjusting the genotype mean for spatial 

variability. This result might be attributed to the different mathematical 

background of the two designs in removing plot to plot heterogeneity. 

Already, there were upward and downward shifts in the genotype ranks under 

alpha lattice compared to RCBD. It is noted that the shift in genotype ranks 

might be related to the adjustments which made due to the patterns of intra-

site variability across the field plots. A genotype might be ranked as the first 

one using RCBD, but it is possible to downward recording a low rank order 

using alpha lattice after running the adjustment according to its position in the 

field map, and vice versa. Fares et al. (2011) and Morsy and Fares (2016) 

reported that the ranks of the tested genotypes were not constant using a 

simple square lattice design analysis compared to RCBD. 

Finally, the following conclusions may be stated: 

 The plot to plot variation in field trials is a reality in spite of using 

replication and randomization, as followed in the classical experimental 

designs (such as RCBD). 

 In any field experiment, outside damage climatic conditions can lead to an 

intra-site heterogeneity which cannot be controlled by replications, even 

when they were in the appropriate orientation. 

 When within replication variation is very small, the classical design RCBD 

would be satisfactory to verify a considerable level of precision and it is 

not necessary to use the alpha lattice design. 
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  When the intra-site variability in a field trial is very complex, it is 

essential to use the alpha lattice design as an effective diagnostic and 

remedial tool. 

 Application of alpha lattice design does not require major inputs or a 

complex field layout; therefore, it is proposed to use it in large variety 

trials. 

 There are differences among the genotype mean values and their rank 

orders using alpha lattice compared to RCBD. This result is expected and 

could be related to the different mathematical background of the two used 

models. 
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 بكي لزيادة الدقة فى تجارب محصولستخدام تصميم ألف ا الشا
 الفول البلدى

                           [5] 
 (2)سعودى صابر هانى -(2)نعمت عبد العزيز نور الدين -(١)منى إسماعيل

 (١)ليد محمد فارسو  -(2)منال مبارك محمد
 ،كلية الزراعة (2 مركز البحوث الزراعية ،بحوث التصميم والتحليل الاحصائىالمعمل المركزي ل( 1

  جامعة عين شمس
 

 المستخلص
في زيادة دقة لتصميم القطاعات الكامله العشوائيه لبيان أهمية تصميم ألفا الشبكي كتصميم بديل 

جريت تجربتان حقليتان بمحطة بحوث الجيزه أالبلدى فقد تجارب مقارنة الاصناف فى محصول الفول 
وقد . تركيب وراثي من الفول البلدى 21لدراسة وتقييم  2112/2112و  2112/2112خلال موسمي 

بثلاث مكررات فى تنفيذ التجربة بحيث أمكن إجراء التحليل باستخدام  استخدم تصميم ألفا الشبكي
 .تصميم ألفا الشبكي المتبع تصميم القطاعات العشوائية الكاملة و

معامل  :مقاييس إحصائية هى 4وقد تم تقييم ومقارنة طرق التحليل المختلفة باستخدام 
 . دالة القوة؛ مستوى المعنوية؛ فاءة النسبيةالك؛ الاختلاف

تفوق كل من تصميم ألفا في خفض قيمة الخطأ التجريبي  :ويمكن تلخيص أهم النتائج فيما يلى
زيادة دقة النتائج مقارنة بتحليل القطاعات العشوائية الكاملة في كلا الموسمين حيث امكن من خلال و 

تصميم الفا الشبكى فصل جزء كبير من التباينات الراجعة إلى عدم تجانس الوحدات التجريبية مما 
 .ةوق معنوية بين التراكيب الوراثيأدى إلى خفض قيمة الخطأ التجريبي ومن ثم ظهور فر 

اقل قيم لمعامل الاختلاف و الخطأ من النوع الأول بينما سجل أعلى  أعطى تصميم ألفا الشبكي
 .مقارنة بالقطاعات العشوائية الكاملة ةقيمه للكفاءة النسبية ودالة القو 

أعطيا أعلى قيم لمحصول البذور  قد 11و  8و  2أظهرت النتائج أن التراكيب الوراثيه رقم 
أعلى  12و  11و  9و  2عطت التراكيب الوراثية رقم أفى الموسم الاول بينما وذلك ( فدان /ردبأ)

 .فى الموسم الثانى وباستخدام كلا التصميمين( فدان/اردب)محصول بذور 
  .الفول البلدى، الفا الشبكى، الكفاءة النسبية، الدقة :الكلمات الدالة


