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Abstract

Late-stage evaluation of sweetpotato breeding trials is routinely conducted at multiple locations, years, or sea-
sons to provide a better understanding of the genotype-environment interaction and test for genotype stability.
In addition, increased testing serves to reduce the experimental error and therefore provide a better estimate of
the actual genetic component. This increased testing comes with a huge financial burden for the breeding pro-
gram. The aim of this study was to determine the variance components of multi-environment Advanced yield
trials (AYT) and identify the most appropriate sweetpotato breeding trial network. The optimization of the trial
network in terms of number of replications, locations, and seasons would ensure efficient resource allocation to
further streamline the breeding program strategy. The storage root yield data obtained from 13 AYTs of the
sweetpotato breeding program in Uganda was used for this study. In each trial, a total of 23 genotypes were es-
tablished in three replications using Randomised complete block design (RCBD) and evaluated for three sea-
sons. The data was analysed using mixed models to estimate the variance components used for the simulation of
the trial network. The genotype effect (0.21) provided the highest proportion of variance, followed by genotype
by season (0.14). Based on the simulation results, the best trial network for about the same number of genotypes
is 4 locations, 2 seasons, and 3 replications. This network minimizes the standard error of the difference and, at
the same time, maintains the one-year (2-season) evaluation for quicker variety development. This article has
also provided a guideline for a trial network for earlier and later-stage gates with genotypes in the range of 06—

120 evaluated in the same target population of environments.
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Uganda

Résumé

L'évaluation a un stade avancé des essais de sélection de la patate douce est systématiquement réalisée sur
plusieurs sites, années ou saisons pour mieux comprendre l'interaction génotype-environnement et tester la
stabilité des génotypes. En outre, I'augmentation des tests permet de réduire I'erreur expérimentale et de fournir

une meilleure estimation de la composante génétique réelle. Cette augmentation des tests représente une lourde


mailto:yadabenard21@gmail.com

100 Chelangat et al., 2023

charge financiere pour le programme de sélection. L'objectif de cette étude était de déterminer les composantes de
la variance des essais de rendement avancés (AYT) en environnement multiple et d'identifier le réseau d'essais de
sélection de la patate douce le plus approprié. L'optimisation du réseau d'essais en termes de nombre de répétitions,
de sites et de saisons permettrait d'assurer une allocation efficace des ressources pour rationaliser davantage la
stratégie du programme de sélection. Les données de rendement des racines de stockage obtenues a partir de 13
AYT du programme de sélection de la patate douce en Ouganda ont été utilisées pour cette étude. Dans chaque
essai, un total de 23 génotypes ont été établis en trois répétitions selon un dispositif en blocs complets randomisés
(RCBD) et évalués sur trois saisons. Les données ont été analysées a l'aide de modeles mixtes pour estimer les
composantes de la variance utilisées pour la simulation du réseau d'essais. L'effet génotype (0,21) a fourni la plus
grande proportion de variance, suivi par le génotype par saison (0,14). D'apres les résultats de la simulation, le
meilleur réseau d'essais pour un nombre similaire de génotypes est de 4 sites, 2 saisons et 3 répétitions. Ce réseau
minimise l'erreur standard de la différence tout en maintenant 1'évaluation d'un an (2 saisons) pour un
développement plus rapide des variétés. Cet article a également fourni des lignes directrices pour un réseau
d'essais pour les phases précoces et avancées, avec des génotypes allant de 06 a 120 évalués dans la méme

population cible d'environnements.

Mots-clés: essais en environnement multiple, optimisation des ressources, porte d'étape, sélection de la patate

douce, réseau d'essais, Ouganda

Introduction

Multi-environment trials of sweet potato breeding clones along the stage gates aim to get accurate results for key
traits that inform the breeding objectives. Attaining high levels of precision requires the control of extraneous ex-
perimental error using modern experimental designs that capture spatial trends to reduce the unexplained error
(Bernardeli et al., 2021). In addition, when using traditional routine experimental designs, increasing testing loca-
tions, replications, seasons, and years reduces the unexplained variability. The accuracy of plant breeding trials is
significantly influenced by the number of observations achieved through the replications involved. The relation-
ship between replication and experimental error is intertwined, as the computation of experimental error requires
replications (Brereton, 2018). However, it’s important to consider the costs associated with each additional replica-
tion. Therefore, it is necessary to find an optimal balance in the number of replications for crop variety trials. (Yan,
2021; de Resende and Alves, 2022).

The solution to identifying widely adapted cultivars within a mega-environment is to "test widely" to accommo-
date unrepeatable genotype by environment (GE) variation. Increasing the number of test locations in plant breed-
ing trials can lead to better adaptation to different environments, increased testing capacity, increased selection
intensity, and reduced variability (Yan, 2021). However, each additional location, and year involves considerable
cost, calling for the need to test adequately. In sweetpotato, for advanced trials like Advanced Yield trials (AYTs),
it is recommended that four or more locations be used for replicated multi-environment testing (Griineberg et al.,
2019). However, the accuracy of these trials still calls for experimental improvement because of the high coeffi-
cient of variation of traits like yield (Griineberg et al., 2010). In addition, trait heritability and the genotypic corre-
lation across environments affect the optimum testing required in breeding experiments (de Resende and Alves,

2022).Therefore, the objective of this study was to determine the minimum number of replications, testing sites,
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and seasons for sweet potato late-stage multi-environment trials to optimize resource use and trial accuracy for

efficient genotype selection.

Materials and Methods

Advanced yield trials were conducted for three seasons: 2016A, 2016B, and 2017A. In 2016, trials were conduct-
ed in NaCRRI, NaSARRI, and AbiZARDI only due to limitations in planting material. However, during 2016B
and 2017A, trials were established at five on-station sites: NaCRRI, BuZARDI, RwebitabaZARDI, NaSARRI,
and AbiZARDI. A total of 23 clones were evaluated during the AYT stage. The experiments were established in
a randomized complete block design (RCBD) and replicated three times. In all replicates, the plot size was 3 m x

4 m. This plot area consisted of five 3 m x 1 m row plots with a total of 50 plants.

Storage root yield data were computed from the commercial and non-commercial root data parameters collected.
Storage root yield was a factor of both the marketable/ commercial root weight and commercial root weight. To-
tal storage root yield in tons per hectare (RYTHA) was calculated using the formula;

Commercial root weight + non commercial root weight

RYTHA = X10
Net plot area (m2)

Storage root yield data were analyzed using R version 4.2.3 (R Core Team, 2023). The “asreml” package was

used for analysis across locations, replications and seasons (Butler, 2022).
Results and Discussion

The analysis of the data revealed that the genotype contributed greatly to the variation in the AYTs. This was fol-
lowed up by the genotype by season and, lastly, the genotype by location (Table 1). These results reveal an ac-
ceptable level of precision in the experimentation. However, the unexplained experimental error was way higher
Table 1. The relative contribution of the variation explained by genotype, location and years (S€asons) than
the explained variation, suggesting the need for the breeding program to use row-column designs to capture spa-

tial trends and improve accuracy (Shah and Sinha, 1996; Piepho and Williams, 2016).

Source Variance estimate
VG 0.209
V GL 0.034
V GS 0.135
V GLS 0.095
residual 1.565

Based on the variance obtained above, the optimum number of replications and years, which in this case are the
seasons and locations, were obtained as presented in Figure 1 and Table 2. The location trial network showed
that it required more than 20 locations to obtain 100% precision, which is impractical. In addition, five seasons

were required to obtain a lower mean variance compared to three years.
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Figure 1. Trial network alternatives based on variance mean for yield
Table 2. Optimum replications and years of sweet potato yield trials
nlLoc nYear nRep VarMean sed LSD Size
1 2 2 1.0465 1.4467 2.8934 4
2 2 2 0.5908 1.0870 2.1739 8
3 2 2 0.4388 0.9368 1.8737 12
4 2 2 0.3629 0.8519 1.7038 16
5 2 2 0.3173 0.7966 1.5932 20
6 2 2 0.2869 0.7575 1.5150 24
7 2 2 0.2652 0.7283 1.4566 28
8 2 2 0.2489 0.7056 1.4112 32
9 2 2 0.2363 0.6874 1.3749 36
10 2 2 0.2262 0.6725 1.3451 40
11 2 2 0.2179 0.6601 1.3202 44
12 2 2 0.2110 0.6496 1.2991 48
13 2 2 0.2051 0.6405 1.2810 52
14 2 2 0.2001 0.6326 1.2652 56
15 2 2 0.1958 0.6257 1.2515 60
16 2 2 0.1920 0.6196 1.2393 64
17 2 2 0.1886 0.6142 1.2284 68
18 2 2 0.1856 0.6093 1.2187 72
19 2 2 0.1830 0.6049 1.2099 76
20 2 2 0.1806 0.6010 1.2019 80
1 3 2 0.5403 1.0395 2.0789 6
2 3 2 0.3039 0.7796 1.5592 12
3 3 2 0.2251 0.6709 1.3419 18
4 3 2 0.1857 0.6094 1.2188 24
5 3 2 0.1621 0.5693 1.1386 30
6 3 2 0.1463 0.5409 1.0818 36
7 3 2 0.1350 0.5197 1.0394 42
8 3 2 0.1266 0.5032 1.0064 48
9 3 2 0.1200 0.4900 0.9799 54
10 3 2 0.1148 0.4791 0.9582 60
11 3 2 0.1105 0.4701 0.9401 66
12 3 2 0.1069 0.4624 0.9248 72
13 3 2 0.1039 0.4558 0.9115 78
14 3 2 0.1013 0.4500 0.9001 84
15 3 2 0.0990 0.4450 0.8900 90
16 3 2 0.0970 0.4406 0.8811 96
17 3 2 0.0953 0.4366 0.8732 102
18 3 2 0.0938 0.4330 0.8661 108
19 3 2 0.0924 0.4298 0.8597 114
20 3 2 0.0911 0.4269 0.8539 120
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Several simulated trial networks were explored for this study. These included networks with 1-20 locations, 1-5 rep-
lications, and 1-5 seasons. Presented herein are the 2-season and 2-3 replication network results in Table 2. This was
because of the variety release requirements in Uganda to have at least two seasons of testing for later stages. In addi-

tion, the use of two replications has been reported to suffice for trialing at later stages (Yan, 2021).

From this trial network, for around the same number of genotypes evaluated in AYT, 4-5 locations and 3 replications
provided a lower sed value (0.56-0.54) compared to the 0.72-0.70 for the 2-replication network. Four (04) locations
and three (3) replication networks were considered optimum because they account for resources, accuracy, and time.

This result differs from the two replication trial networks recommended for MET testing in oats (Yan, 2021).

In statistics, the lower the sed value, the better the accuracy; however, even with 20 locations, 0.41 sed was achieved,
which agrees with the fact that trait heritability greatly influences the breeding trial networks. This implies that, as a
breeding program, there is a need to explore the use of spatial modeling for increased heritability and accuracy
(Bernardeli ef al., 2021). The increased testing could be achieved through sparse testing (Jarquin et al., 2020; Atanda
et al., 2022; Montesinos-Lopez et al., 2023) while accounting for spatial trends.

Conclusion

The optimal number of replications for late-stage multi- environment sweetpotato breeding trial evaluation can vary
depending on several factors. Key among them is the variance of the mean, which is related to phenotyping accuracy.
Current research has shown that to maximize accuracy while accounting for cost and time, a 4-location, 3-replicate
trial network can suffice. It is imperative to acknowledge that these numerical values are not inherently fixed and

may exhibit variability contingent upon the circumstances surrounding a given trial.
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