The Bangladesh Journal of Agricultural Economics, 45(1&2): 17-32, 2024

ANALYSIS OF COVARIANCE IN AUGMENTED RANDOMIZED
BLOCK DESIGN WITH A SINGLE EXPLANATORY VARIABLE: AN
EMPIRICAL EVIDENCE ON AGRONOMIC CROP

A.T. Momo' S. M. Sayem"M.A. Islam*

OPEN ACCESS

ABSTRACT

ARTICLE INFO The augmented randomized block design is a robust and
Received: 30 October 2024 versatile framework that maximizes the use of treatments,
Accepted: 22 April 2025 not readily available in conjunction with treatments, making
Published: 17 July 2025 it a crucial tool for researchers looking to draw valid and

significant findings from the experimental design. This
Keywords: Experiment, study proposed an analysis of the covariance (ANCOVA)
maximum likelihood model in augmented randomized block design to
estimation, model selection incorporate the effect of a concomitant variable. The
criterion estimation procedure of the parameters in the covariance

*Corresponding author: model (ANCOVA) has been developed using maximum
. ; likelihood estimation. The testing procedure for treatment
E-mail: sms.stat@bau.edu.bd . .
(SM Sayem) effects has b_een proposed for the_ analysis of covariance
(ANCOVA) in augmented randomized block design. Also,
a field experiment for maize cultivation using augmented
randomized block design has been performed to compare
the proposed design (ANCOVA) with the results of the
analysis of variance (ANOVA) in augmented randomized
block design and simple linear regression. The comparison
of AIC values among ANOVA, regression, and ANCOVA
models reveals that the proposed analysis of covariance
(ANCOVA) in augmented randomized block design is more
efficient and informative, which is likely to provide a new
horizon in agricultural research.

https://doi.org/10.70133/bjae.2024.491
@ @ © The authors. This is an Open Access article distributed under the terms of the
BY Creative Commons Attribution 4.0 License (http://creativecommons.org/

licenses/by/4.0)

1Department of Agricultural and Applied Statistics, Bangladesh Agricultural University, Mymensingh, Bangladesh.



18 The Bangladesh Journal of Agricultural Economics

I.  INTRODUCTION

Analysis of covariance (ANCOVA) is a prominent statistical technique that is widely used in
most agronomic and crop research. It is the process of analysis of variance on the observation of
response variables after adjusting for the effects of uncontrolled concomitant variables (Pandey
and Pandey, 2021). When analyzing data and conducting research, the analysis of covariance
(ANCOVA) is crucial for adjusting the effect of uncontrolled concomitant variables (Silknitter
etal., 1999). By addressing the impact of confounding variables, it enables researchers to improve
the accuracy and validity of their conclusions. The control of external factors that can affect the
dependent variable is made possible by the inclusion of a covariate in ANCOVA, improving the
precision of predicted treatment effects (Yitayew et al., 2021). The true impact of independent
variables is isolated using ANCOVA, which enables a more accurate interpretation of the data.
By accounting for covariates, researchers can enhance the reliability and generalizability of their
findings, providing a more robust basis for decision-making in various fields, including scientific
research, agronomic studies, and beyond (Alemayehu et al., 2022). In agricultural experiments,
plant breeders use variety screening experiments in which new varieties are developed in a plant
breeding program and selected for further study on those producing the greatest yield. However,
the supply of seed, land, and other resources may be limited, difficult to maintain homogeneous
blocks when comparing so many genotypes. However, the seed is frequently the limiting element
in a breeding program's early phases, making it impractical to sow more than one or two plots of
the material being studied (new variety). Available seeds of the new variety may be sufficient
only for one replication for a large number of breeding lines (Atlinetal., 2017). In such a situation
check or control varieties (existing varieties) are arranged in a standard experimental design in
which sufficient seeds allow several replications with new varieties, and new experimental units
are augmented within each block and not replicated in the trial or have fewer replicates than the
checks. This design is known as ‘augmented design’ introduced by Federer (1956) and later
extended by him (Federer, 1961) and others (Federer and Raghavarao, 1975).

This study is about an augmented randomized complete block design where control or checks are
included once in each block and replicated in the trial. In each replication number of available
experimental plots may vary: the remaining plots are allocated to the new or test varieties not
replicated in the experiment. The ability to evaluate multiple treatments within the given
experimental design increases the study's efficiency and cost-effectiveness. Yields from the
control varieties can be used to adjust the yields of the new varieties to make them comparable
across replications and to provide an estimate of experimental error so that valid statistical tests
can be performed (Boyle and Montgomery, 1996).

Maize (Zea mays L.) is a crop that is appropriate for experimental design because of its genetic
variety, worldwide significance, and agronomic input responsiveness. One of the most
extensively grown cereal crops, maize provides millions of people with a staple diet and is
essential for industrial processes, including the manufacture of starch and biofuels as well as
livestock feed (FAO, 2021). It is appropriate for assessing the effects of variables, including
fertilizer administration, irrigation, and planting density, in controlled experiments due to its high
production potential and sensitivity to environmental and management factors (Shiferaw et al.,
2011). A division of a species that differs morphologically or physiologically is referred to as
"variety." In general, it refers to inbred lines, hybrids, and open-pollinated populations (landraces
and improved varieties). Plant breeders and agronomists also use the term "cultivar." (Badu-
Apraku et al., 2012). Furthermore, maize has a high degree of genetic variability, which is
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advantageous for research on genotype-environment interactions and breeding (Xu et al., 2009).
Its comparatively shorter growth cycle makes it possible to do several trials during a single
growing season and collect data promptly. Worldwide maize production is facing several
challenges to climatic change (Prasanna, 2012). Under this circumstance, the world needs to
adopt more efficient varieties (Permana et al., 2021). Climate change is the defining issue of the
twenty-first century. Shifting weather patterns threaten food production due to rising sea levels
that increase the risk of catastrophic flooding (Raihan, 2023). Current varieties are still providing
food for the people in that changing environment but to take on future challenges, agriculture
sectors need to adopt more new varieties. Furthermore, the reliability and repeatability of
experimental results are improved by the availability of established cultivation procedures and
research methodologies for maize (Duvick, 2005). All of these arguments support the choice of
maize as the focus of an experimental design that is both practically applicable and scientifically
sound. In many research, the researcher uses ANOVA for augmented randomized block design
for choosing new technology. Hence, the influence of the concomitant variable cannot be
measured (Federer, 1956; Federer, 1961; Scott and Milliken, 1993; Agrawal and Sapra, 1995;
Boyle and Montgomery, 1996; Federer et al., 2001; Burguefio et al., 2018). ANCOVA enables
researchers to account for factors that may affect the outcome variable but are not the main focus
of the study.

Covariates in enhanced randomized block designs could be things in agricultural research like
seed weights or plant height measures. This study will analyze ANCOVA of augmented
randomized block design with a single explanatory variable (plant height at 87 days) for maize
crops.

The study is to propose a methodology for the analysis of covariance of augmented randomized
block design. The objectives are to — (i) document the systematic review of ANCOVA for
augmented randomized block design; (ii) propose the estimation procedure of the covariance
model for augmented randomized block design; (iii) determine the testing procedure for the
treatment effects of analysis of covariance for augmented randomized block design; and (iv) set
up a real-life experiment for maize cultivation to compare the proposed approach.

By adding covariate, the methodology provides a more accurate evaluation of treatment effects
and helps to improve the validity and reliability of agronomic research findings. By lowering
variability and raising estimate accuracy, augmented randomized block designs are frequently
employed to boost statistical power and precision (AlAita and Talebi, 2023). This design is
enhanced by ANCOVA, which increases statistical power, and also model section criterion of
AIC gives the best model under comparison of ANOVA for augmented randomized block design
model, linear regression, and proposed analysis of covariance model for augmented randomized
block design.

1. LITERATURE REVIEW

2.1 Search Strategy of Systematic Literature Review

A systematic review of the literature is a rigorous and comprehensive method of gathering,
evaluating, and synthesizing existing research studies on a specific topic or research question
(Higgins and Green, 2011). To respond to the articulated question, a systematic literature review
(SLR) identifies, picks, and critically evaluates research (Dewey and Drahota, 2016).
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In May-June-July 2023, we conducted a thorough literature search using SCOPUS and Google
Scholar to find any English-language publications on conducting this analysis of covariance of
augmented randomized complete block design. Keywords used in this study are analysis of
covariance in randomized block design, covariance analysis in augmented design, maximum
likelihood estimation in experimental designs, augmented randomized block design, and
augmented design. Source type characterized by journal articles in the years 1950-2023. Limiting
all of these objects to specific keywords. In Google Scholar, searching was done with all the
words in the article simultaneously using the advanced search. Document type used any type and
review articles in 1950-2023 years of publication.

2.2 Inclusion Criteria

The inclusion criteria for a systematic review of the analysis of covariance (ANCOVA) in
augmented randomized block design was thoroughly outlined to guarantee the selection of
relevant and high-quality studies in agricultural research. Studies that used an enhanced
randomized block design, augmented design of analysis of variance, or analysis of covariance in
which other treatments or factors were added to the typical randomized block design setup were
included in the criteria. Peer-reviewed journal articles that fulfill the required standards in the
English language are included in the review.

2.3 Exclusion Criteria

Exclusion criteria included studies that do not specifically employ an analysis of variance or
analysis of covariance analysis, as the review aims to concentrate on this specific design.
Publications that did not provide sufficient information or details about the ANOVA or
ANCOVA or augmented setup, covariates, or statistical analysis methods were excluded to
ensure the reliability of the review findings. Studies published in languages rather than English
were also excluded. Moreover, systematic review excluded studies with inadequate sample sizes,
poor reporting quality, or those lacking relevant agricultural context, such as studies conducted
in non-agricultural settings or unrelated to the agricultural field.

2.4 Study Selection

The flow diagram of the included studies is shown in Figure 1. The initial database search yielded
370 studies, of which 32 were duplicates and 286 studies were excluded reasons for inappropriate
research design, improper and unclear statistical analysis, and imprecise table and graph. Of the
remaining 52 articles were eligible criteria but among them, 18 studies were excluded because of
did not give precise and relevant information about this study. Finally, 34 studies were included
in this literature review study.

From 34 studies this paper included only five studies. In Table 1, a total of five studies is included
for the keyword-augmented randomized block design. In these studies, they used an augmented
randomized block design for their experiment to achieve their objectives. Two studies are used
for the analysis of variance (ANOVA) (SL-1, 5). In the SL-1 study; by using the augmented
complete randomized block design for missing observation, they proposed a new unique method
termed the neutrosophic augmented randomized complete block design (NARCBD) and this
performs better than other methods in this field. We also get the study for getting new variety or
association with different attributes that are used in different screening programs in agricultural
research (SL-2, 3, 4) but there is a missing ANOVA table. They used correlation analysis or path
analysis or generalized linear model or principal component analysis. Studies used different
sample sizes which is convenient for their research.
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Figure 1: Study flow diagram; Scopus: A Multidisciplinary Database, Google Scholar:
Scholarly search engine for books, journals, articles, documents, and literature

Table 1: Review results for augmented randomized block design keyword with

methodology and major findings

SL  Author Research Objective  Experimental ~ Sample Size Data Findings
Design Analysis
1 AlAltaand To address the They 99 cultivars of ANOVA According to the

Talebi issues with introduce the  safflower (an study's findings,

(2023) enhanced idea of a oil and the proposed
randomized neutrosophic  medicinal neutrosophic
complete block model and plant) precise method
design (ARCBD),  suggest a genotypes were performs better
which is utilized in  neutrosophic  planted than the
plant breeding analytical using a conventional
programs, missing  approach for  NARCBD with method at handling
observations of the three blocks. missing values and
control treatments. ~ Augmented Each block data uncertainties.
To handle missing  Randomised  contains 8 When there are no
data in an uncertain  Block design. control (check) records of control
environment, the To account for treatments and treatments or when
study suggests a missing 25 genotypes dealing with
unique method values, the (new ambiguous and
termed the proposed treatments) imprecise data,
neutrosophic NARCBD researchers can
augmented technique obtain more
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SL  Author Research Objective  Experimental ~ Sample Size Data Findings
Design Analysis
randomized takes an accurate results by
complete block augmented adopting the
design (NARCBD). incomplete NARCBD
block design technique.
into account
inside the
neutrosophic
statistics
framework.
2 Igbaletal. Find out which Augmented 80 mung bean  Pearson  The genotypes
(2021) mung bean Randomized genotypes and correlatio G14, G38, and
genotypes thrive in  Block Design 3 check n G51 were shown to
three different varieties analysis, be consistent and
agroecological principal heat-tolerant in the
zones under normal compone majority of
and high- nt conditions,
temperature stress analysis  offering important
conditions. (PCA) information for the
future creation of
heat-tolerant mung
bean breeding
resources.
3 Galvaoet TodevelopnewFl1  Augmented A total of 504 General In comparison to
al. (2017)  hybrid strawberry Randomized F1 hybrid linear certain existing
cultivars with Block Design strawberry model cultivars, the study
greater plants were (GLM)  successfully
environmental generated from procedur created new F1
tolerance and twelve hybrid  esin hybrid strawberry
potential yields than populations. SAS. plants with better
current varieties. prospective yields.
4 de Oliveira The goal of the Augmented A total of 22 Correlati  This study
etal. (2010) study was to Randomized genotypes (19 onand  advances our
determine the Block Design  germplasm Path knowledge of the
association between accessions and  Analysis variables affecting
16 morphological 3 common papaya commercial
and agronomical genotypes) and fruit yield per plant
parameters of each genotype and offers
papaya (Carica was evaluated insightful
papaya L.) and the with ten information for
number of repetitions. breeding programs
commercial fruits aiming to increase
per plant (CFrP). fruit yield in this
crop.
5 Boyleand toaddress the Augmented 13 trialswere  ANOVA The use of
Montgomer difficulties Randomized  performed and augmented
y (1996) presented by Block Design 27 experimental

researchers studying
avian health while
assessing a variety
of potential
infectious factors

combinations
of agents were
tested.

designs in avian
health research can
shorten the amount
of time and
experimental units
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SL  Author Research Objective  Experimental ~ Sample Size Data Findings
Design Analysis

while having needed to find the
restricted facilities, a disease agents or
desire to use animals poultry kinds that
as little as possible, have the best
and financial chance of
restrictions. The developing a
paper also seeks to disease. Similar to
suggest the use of its demonstrated
augmented efficacy in plant
experimental breeding variety
designs in poultry screening, the
research to augmented design
effectively select technique offers a
interesting useful tool for
candidates for efficient screening
additional in-depth trials in avian
investigation. These health research.
designs are

frequently utilized in
plant breeding
variety screening.

1. MATERIALS AND METHODS

The augmented randomized block design is a popular experimental design in most agricultural
and biological science research. It has significant demand to develop a new variety of genotypes
all over the world.

3.1 Analysis of Covariance (ANCOVA) for Augmented Randomized Block Design
Model Specification

The linear model of analysis of covariance in augmented randomized complete block design
Vijk= U+ B + G+ Tyt Xieren 1 =14,2,..,1r; j=1,2,...,p;k=1,2,...,q

where, i is the general mean;;is the effect of the i" block; C;is the effect of the j"" check
variety; ;) is the effect of the k™ new variety in the i block; y is the coefficient of covariate
for i check variety and k™ new variety;X; ;;, is the covariate for all treatments in the i"" block;y; .
is the response of the variety assigned to the i block;e;  is the random error which is assumed
to be normally and independently distributed (NID) with mean zero and constant variance o 2.

Assumptions

The analysis of covariance in enhanced randomized block design is based on several assumptions.
The covariate(s) are fixed, measured without error, and independent of the treatments and block
effects; The ANOVA model is linear; Effects in the model are additive; Homogeneity of variance
for treatment and block effect; Independence of variance estimates; The random component
follows normal distributions with zero mean and a constant variance; There is no interaction
between blocks and treatments.
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3.1 Proposed Estimation Procedure for Analysis of Covariance in Randomized Block
Design

Parameter Estimation

The maximum likelihood estimation (MLE) procedure is used to estimate the parameter of the
statistical model by maximizing the likelihood function. Hence, MLE is used to estimate the
parameters in the analysis of the covariance (ANCOVA) model for augmented randomized block
design.
The linear model of analysis of covariance in augmented randomized complete block design is
yl.]k u+ ﬁl + C + Tk(l.)+]/(xl.]k x. )+€L]k' where Xl.]k - xl]k X ..
The assumptlons of the target model are
) &x~NID(0,07); il) Xi_; B = 0 i) X¥_, C; = 0; iv) X, Ty = O and v) p, B,
G, T(;y and y are unknown parameters.
The Iog -likelihood function for the response variable comes from augmented randomized
complete block design with covariate,

1
log L=—7pq log(cy/2m) — - ?=1Z?=1
wherey; i |xijx ~N(u + B; + G + Ty iy ty (X — X ... ); 02) For formulating the normalized
equation, differentiate the log-likelihood function to maximize the likelihood function
concerning u,fB;, Cj, Ty(;), and y and equating zero; then the normalized equations are-

ZT IZp ZZ 1[yl.]k —u- ﬁl - Cj — Tr@) — y(xijk —X.. )] =0
q

ZZ yl.]k u— ﬁl —Tr(@) — y(xijk —X.. )] =0

[Yij u—pi- Ci—Tr(i)~ y(xjj—x.. )]

j=1k=1
r q
Z yl.]k u—= ﬁl — Tr(@) — y(xijk —X.. )] =0
i= 1 =1
p
1 =
P X ZZ[Yijk —u—=PBi— G — Ty — ¥ (xijk — x._)] =0
i=1 j=1
= %X Z ZZ:l[yi]k u=PBi—C— 1y — V(xijk —-x..)] [(xijk - )]0
Hence, the maximum likelihood estimate (MLE) of the parameters is fi, f3;, C] Tk and 7.
A=y,
ﬁl YL -y(x )

- X

C] Y.l. -}/(x.]. f)
Ty =V Y. ¥(X—X)

N 1 —
andy= N—U%[ ?:125;1 ZZ=1yijk (xijk —X.. ) —pq Z?=1ﬁi(xi]k x. ) —rq Z] 1 ](xL]k
X.. ) -p ZLT=1ZZ=1Tk(i)(xijk —X.. )]
Also, any hypothesis regarding the regression parameters may be tested as standard error can be
calculated.

3.3 Proposed Testing Procedure for Analysis of Covariance in Augmented Randomized
Block Design

The results of the Analysis of covariance are summarized in the following table.
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For testing the hypothesis, H,: Checks are not significantly different for yield, the test statistics

CSSy“
pe=3 2 fo -1 ithp — 1and [(p — 1)(r — 1)]
= 5.7 = ErSS;/ with p and [(p r
[(p - -1)] -1
—1d.f.
To test the hypothesis, H,: New varieties are not significantly different in yield, the test
statistics
NSS;
po i fa-1 ithq — 1and [(p — 1)(r — 1)]
= 5.7 = ErSSy“/ with q and [(p r
[P - -1)] -1
—1d.f.
Table 2: ANCOVA for Augmented Randomized Block Design
SV d. f SS( SS(Y)  SP(XY) Adjustment for Regression
X) d.f SS Mean
Square(MS)
Total N-1 TSS, TSS, TSSyy
Blocks r-1 BSS, BSS, BSS,y
Entries(e) e-1 ess,
Checks(c) p-1 CSSy CSSy CSS,y
New g-1 NSS,  NSs, NSS,y,
Varieties(N)
Check vs 1 CNSS,
New
Error (p—1)(r Erss, ErsS, ErsSy,  [(p- ErSS; Se”
-1) (g
-1
-1
Checks + r(p- [r(p (css,
Error 1) DI+ Erss,)”
-1
New r(p- [r(p (NSS,
Varieties + H-p -1 +Erss,)
Error +q -p
+q] -
1
Adjusted p-1 CSsy S¢*
Checks
Adjusted q-1 NSS;, Sy
New

Varieties
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3.4 Validation of the proposed approach for maize cultivation in the field experiment

Location of the Experiment

The study was conducted to diagnosis the performance of proposed methods of ANCOVA for
Augmented Randomized Block Design at the Bangladesh Agricultural University's Farm
Management Section’s experimental field in the Mymensingh district. There were 2.75 decimals
of land in all. The study was carried out from November 2022 to April 2023, the planting season.

Plant Materials

A total of 8 different types, including three checks and five test varieties, made up the
fundamental plant material. The test varieties were T1 (BHM-16), T2 (PIONOL-07), T3
(VASUDHA-1655), T4 (DALIA-4455) and T5 (DON-111). The checks were V1 (EUREKA),
V2 (BHM-13), and V3 (BHM-9). The Bangladesh Agricultural Research Institute (BARI)
provided four types (V1 (EUREKA), V2 (BHM-13), V3 (BHM-9), and BHM-16), and the other
varieties were purchased from the local market.

Experimental Design

Augmented Block Design was used for the field evaluation (Federer, 1956). With 5 tests entries
and 3 checks, the material was grown in 3 blocks. Each block had a total of 5 or 4 plots. Each
block's checks were separately randomized. Each variety was represented by a plot size of 2m x
4m with 3 blocks. In the field, there were 14 plots.

B1 B> Bs
[ VA(EUREKA) | [ Ts(VASUDHA-1655) | [ Va(BHM-13) |
[ T@HM-16) | [ Vs(BHM-9 | [ Vi(EUREKA) |
[ Vs(BHM-9) | [ Vo(BHM-13) | [ Ta(DALIA-4455) |
[ To(PIONOL-07) | [ Wi(EUREKA) | [ Vs(BHM-9) |
[ Vo(BHM-13) | [ Ts(DON-111) ]

Figure 2: The field layout of the experimental design
Growing and Harvesting of the Final Yield

The experimental plots were each 8.0 m? (2 m x 4 m) in size, had three lines, and had a plant-to-
plant spacing of 8-10 cm and a line-to-line distance of 25-30 cm. On November 27, 2022, maize
seeds were planted after the soil had been prepared. The correct agronomic procedures, including
fertilization and weeding, were followed (Jui et al., 2023).

Weeding was done three times. In the field, urea used was 2100 gm, muriate of potash (MOP)
used was 1000 gm, triple superphosphate (TSP) used was 1000 gm, 1700 gm was used as gypsum,
and 25 gm boron was used. Four irrigations were carried out. The first irrigation was carried out
15 days after the seed was sown; the second, at 35 days later; the third, at 60 days; and the fourth,
85 days later. After 137 days of the seeding date, the yields were harvested. The maize cobs were
harvested on 5 April 2023. When the cobs were dried finally, we measured the yields by putting
the maize grain in a zip lock bag.
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Data Collection

At first, seed weights for every variety were measured before sowing the seed on 25 November
2022. After 30 days of seed sowing, plant heights were recorded by measuring tape. Plant heights
vary from variety to variety. After 87 days of seed sowing, plant heights were measured.
Measurements were done randomly for five plants per plot. The number of maize cobs was
counted for the randomly selected plants on 15 March 2023. Finally, on 15 April 2023, the yield
was harvested from the plant. Yield for five plants in every plot were recorded from the randomly
selected plants.

Statistical Analysis

Based on an augmented randomized block design, study data were examined. The augmented-
RCBD package was used to analyze variations in the R program (R Core Team, 2018) (Aravind
etal., 2019).

v. RESULTS AND DISCUSSIONS
4.1 Analysis of Variance

For analysis of variance, a demonstration of our field data is shown in Table 3. The table provides
mean values for various variables measured under different treatments (T1, T2, T3, T4, and T5)
for analysis of covariance in an augmented randomized block design experiment. Yield per cob,
single seed weight (used in the experiment), plant heights at 30 days, plant heights at 87 days,
and number of cobs per plant were the aspects or characteristics that were measured. The
experiment appeared to have different treatment groups (T1, T2, T3, T4, T5, V1, V2, and V3).
The numbers in the table represent the mean (average) values of each variable under each
treatment condition. This yield per cob measured the average yield per corn cob. For example,
under treatment T1, the mean yield per cob was 72.62 gm, under treatment T5, it was 113.26 gm.
For V1, V2, and V3, it was 128.77 gm, 75.70gm, and 73.44 gm respectively.

Table 3: Mean value by treatments

Treatments

Variables Tl T2 T3 T4 T5 V1 V2 V3
Yield per cob 7262 102.75 99.18 82.60 113.26 128.77 75.70 73.44
(gm)
Single Seed 0.43 0.35 0.33 0.36 0.26 0.24 029 021
weight (mg)
Plant heightat30 29.40 23.60 20.20 29.00 22.00 3247 20.20 25.13
days (cm)
Plant heightat 87  72.6 66.2 688  78.2 65 86.17 633 75.17
days (cm)
Number of cobs 2 2 2 2 1 1.67 133 1.67
per plant

Source: Experimental study

Single seed weights measured the average weight of a single seed. For example, under treatment
T2, the mean single seed weight was 0.35 mg, under treatment T5, it was 0.26 mg, and for V1,
V2, and V3 mean single seed weights were 0.24 mg, 0.29 mg, and 0.21 mg respectively.
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The variable plant height at 30 days measured the average plant height at 30 days after planting.
For treatment T1, the mean plant height at 30 days was 29.40 cm. The plant heights at 87 days
measured the average plant height at 87 days after planting. The mean values for treatments (T1,
T2, T3, T4, T5, V1, V2, and V3) were 72.6 cm, 66.2 cm, 68.8 cm, 78.2 cm, 65 cm, 86.17 cm,
63.3 cm, and 75.17 cm. The number of cobs per plant measured the average number of cobs
produced per plant. For example, under treatment T1, the mean number of cobs per plant was 2;
and under treatment T5, it was 1 (indicating that, on average, only one cob was produced per
plant in treatment T5).

Analysis of variance results is shown in Table 4. The degree of freedom, sum of squares, mean
sum of squares, and F ratio were presented for yield per cob in the table which was the ultimate
targeted variable in this study. The Analysis of variance showed that there were statistically
significant differences in treatment, check varieties, test varieties, test and test vs. check, and test
vs. check for yield per cob.

Table 4: Results of analysis of variance for augmented randomized block design

Source of Degree of Sum of Mean sum of F - ratio
variation freedom Squares squares
Block (ignoring 2 36 18.20 0.575
Treatments)
Block (eliminating 2 206 102.89 3.25
Treatments)
Treatment 7 7120 1017.19 32.130***
(eliminating Blocks)
Treatment (ignoring 7 6951 993.00 31.366***
Blocks)
Check varieties 2 5883 2941.6 92.918***
New Varieties 4 1061 265.2 8.378**
New and New vs. 5 1237 247.41 7.815%*
Check
New vs. Check 1 6.7 6.70 0.212
Error 4 127 31.7

Source: Experimental study (***, and ** denote 1%, and 5% level of significance)

For the calculation of the AIC value, this study considered the analysis of variance in augmented
randomized block design for yield per cob variable. The mean sum of squares of error was 31.7
and it was used for the calculation of the AIC value. This study found the AIC value for the
ANOVA model is 45.015.

4.2 Linear Regression Analysis

To model the link between a dependent variable (in this case, the yield of maize per cob) and one
independent variable (in this case, the height of the maize plants at 87 days), a statistical approach
known as linear regression is used. In linear regression, the relationship between the independent
variable(s) and the dependent variable is assumed to be linear.
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Table 5: Regression Analysis

Coefficient Estimate  Std. Error t value P value AIC
value
Intercept -15.1401 48.1932 -0.314 0.7588 128.3186
Plant heights at 87 days 1.4796 0.6541 2.262 0.0431**

Source: Statistical analysis (** represents 5% level of significance)

From Table 5, the estimated coefficient for the variable "Plant heights at 87 days" is 1.4796. This
represents a 1.4796 gm change in the yield per cob fora 1 cm increase in plant heights at 87 days
while holding other things constant. The standard error associated with this coefficient estimate
is 0.6541 and the calculated t-value is 2.262. The p-value associated with this coefficient is
0.0431. It suggests that the coefficient for "Plant heights at 87 days" is statistically significant at
the 0.05 significance level. This means that there is evidence to suggest that "Plant heights at 87
days" have a significant impact on the dependent variable. AIC is a model goodness-of-fit
indicator that takes model complexity into account. It measures how well the model fits the data
and restricts models with more predictors (parameters) than necessary. Lower AIC values suggest
a better balance between model fit and complexity. In this model, the AIC value is 128.3186.

4.3 Analysis of Covariance of Augmented Randomized Block Design

Analysis of covariance of augmented randomized block design has been presented in Table 6.
For computational validation, the analysis of covariance in augmented randomized block design
has been done by the proposed R program by ANCOVA function.

The results of the Analysis of covariance are summarized in the following table (Table 6).

This Study considered the plant heights at 87 days as a covariate or explanatory variable and
adjusted the effects of yield per cob for maize with plant heights at 87 days. Note that for
ANCOVA of augmented randomized block design, the concomitant variable should be
independent of treatments. We initially considered seed weight (test variety and check) as a
potential concomitant variable. There has been significant measurement error in seed weight due
to the scale used to measure weight which could only show two decimal points. Hence, we
ignored using seed weight. Instead, we have used plant heights at 87 days as a concomitant
variable despite in violation of assumptions. We consider this as a practice data set to evaluate
the performance of the proposed approach. No interpretation will be made using the ANCOVA
result.

Table 6: Results of R analysis of covariance for Augmented Randomized Block Design

Source of variation Degrees of The sum of Mean sum of F - statistics
(S.Vv.) freedom (d.f)  squares (S.S.) squares
(M.S.S)
Block 2 29 14.4 1.041
New 4 628 156.9 11.323**
Checks 3 4408 1469.4 106.037***
Plant heights at 87 days 1 2177.1 2177.1 157.106***
Error 3 42 13.9
Total 13 7284.1

Source: Experimental study (***, and ** denote 1% and 5% levels of significance)
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The results for the analysis of covariance in augmented randomized block design showed that a
statistically significant difference in new, checks, and plant height at 87 days.

For the calculation of the AIC value, this study took the value of the mean sum of squares error
from Table 6. The AIC value for analysis of covariance in randomized block design is 42.002.

4.4 Comparison of the proposed approach with the AIC model selection criterion

The proposed approach is contrasted with the Akaike Information Criterion (AIC), the most
widely used model selection technique. AIC is one of the most powerful and practical methods
for model selection for choosing the best model. It is particularly good for predictive modelling
rather than just explanatory modelling (Burnham, 1998). By reducing the parameters, AIC strikes
a compromise between model fit and complexity, making it a powerful metric for assessing new
approaches (Akaike, 1974). Because of its simplicity, computational ease, wide range of
applications, and efficiency in identifying models that perform well when applied to new data,
AIC is preferred over other criteria.

A real-life experimental setup for maize crops was considered to analyze the data for analysis of
variance and analysis of covariance in augmented randomized block design. A simple linear
regression model between yield per cob and plant heights at 87 days was conducted. Analysis of
variance for this study focused on yield per cob, which is the ultimate response of the experiment.
For analysis of variance, results showed statistically significant results in treatments or entries
(eliminating block), new varieties, checks, and new and new vs. check varieties. The mean sum
of squares for treatments (eliminating block), test varieties, checks, and test and test vs. check
were 1017.19, 265.2, 2941.6, and 247.41, respectively. For analysis of covariance in augmented
randomized block design this study considered the yield per cob as a response with plant height
at 87 days as a concomitant variable. By adjusting for the effect of the concomitant variable, this
study also investigated the significant results for new varieties and checks. This study also found
that the AIC value is 42.002. A table is shown below for a comparison of the value of AIC for
different models.

Table 7: AIC value for comparison models

Model Formulation AIC value
ANOVA Viji= U+ B + C; + Tyyteiji 45.015
Regression = a+pX+e 130.069
ANCOVA Vijk=t + Bi + C + Ty Y Xijiteiji 42.002

Source: Experimental study

From Table 7, the result showed that the AIC value is minimum for the ANCOVA model. In
comparison to the ANOVA (Analysis of Variance) model and regression models, the ANCOVA
(Analysis of Covariance) model exhibits a special significance considering the minimum value
of the Akaike Information Criterion (AIC). AIC is a useful tool for model selection since it
assesses a model's goodness of fit while compensating for complexity. Finding the minimal AIC
is essential in ANCOVA because it creates a balance between the requirement to explain variance
in the response variable (as in ANOVA) and the impact of covariates (as in regression).
ANCOVA incorporates aspects of both ANOVA and regression by including covariates. In
ANCOVA, where the inclusion of covariates can make model selection challenging, a lower AIC
indicates a more parsimonious model that strikes a better balance between goodness of fit and
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model complexity, assisting researchers in choosing the best model for their data. Regression
emphasizes prediction while ANOVA just considers group differences; as a result, ANCOVA
modeling places a greater emphasis on the role of AIC in striking this delicate balance.

V. CONCLUSION

This study can conclude that ANCOVA in an augmented randomized block design model is a
more efficient and robust estimate than ANOVA in an augmented randomized block design. This
not only produces more reliable and trustworthy results but also maximizes the use of resources
and statistical power. The proposed ANCOVA for augmented randomized block design will be
essentially a potent tool for agricultural research that would help in the creation of sustainable
and successful methods for crop management, soil enhancement, and pest control, ultimately
advancing agricultural science and food production. Despite all of the positive steps taken to carry
out this study correctly, there were some limitations. In this study, augmented randomized block
design has been developed for a single observation per cell. If multiple observations are taken,
there is no established method of adjusting this. Furthermore, this study assumes that there is no
interaction between blocks and treatments so blocks and treatments are independent. However,
interaction effects may be present in augmented randomized block design. This research is the
first of its kind, hence, lacks comparison with the results of similar other studies. However, it
may be claimed that this study marks the first step for many futuristic research.
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