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Abstract

Capsicum chlorosis virus (CaCV) is a pathogen causing a severe disease in peanut. Therefore, the aim of this study was to select

peanut genotypes for improving field resistance to CaCV disease and yield using two selection indices, including a multitrait index
based on factor analysis and ideotype-design (FAI-BLUP index) and a multi-trait stability index (MTSI). The 121 genotypes were
evaluated under natural infection at the disease hotspots in Thailand from 2017 to 2018, totalling three environments. The experi-
mental design was a randomized complete block with two replications. The 11 traits related to disease resistance and yields such as
percentage of disease incidence (DisInc), the area under disease progress curve (AUDPC), pod yield (PY), harvest index (HI), number
of pod per plant (PdPt), pod weight per plant (PWPt), seed weight per plant (SWPt), shelling percentage (SH), hundred seed weight
(100SW), seed length (SdLgth) and seed width (SdWdth) were collected and used for simultaneous selection. After the selection con-
sidering a selection intensity of 15%, the selection differentials and selection gains obtained by the FAI-BLUP and MTSI indices were
positive for almost yield-related traits except for SH and negative for DisInc and AUDPC, which want to be increased and decreased,
respectively, indicating that these selection indices provide desirable genetic gains for all traits simultaneously. The genotypes se-
lected by the two selection indices had a good performance for both disease resistance and yield characters. The FAI-BLUP and MTSI
indices are efficient method for multi-trait selection and can be used as a tool in selecting promising genotypes based on several

targeted traits in plant breeding programs.
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Abbreviations

DisInc: Percentage of Disease Incidence at 60 Days After Sow-
ing; AUDPC: Area Under Disease Progress Curve; PdPt: Number of
Pod Per Plant; PWPt: Pod Weight Per Plant; SWPt: Seed Weight Per
Plant; HI: Harvest Index; PY: Pod Yield; 100SW: 100-Seed Weight;
SdLgth: Seed Length, SdAWdth: Seed Width; BLUP: Best Linear Un-

biased Prediction; SD: Selection Differential; SG: Selection Gain

Introduction

Peanut, also called groundnut (Arachis hypogaea L.) is one of the
most economically important legume crops, which provides high
quality edible oil and protein. It has been grown worldwide in the
tropical and subtropical regions. The goal of peanut breeding is to

develop new cultivars with the best combination of desirable traits.
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Increasing pod yield and yield-related traits and improving resis-
tance to biotic and abiotic stresses have been the main objectives in
peanut breeding [1]. Therefore, the selection of peanut genotypes
based on multiple traits simultaneously is a routine work both in
the initial and final stages of the breeding program. Biotic stress
due to viral diseases is one of the significant constraints limiting
the yield of peanut production [2]. Among pathogenic viruses,
Capsicum chlorosis virus (CaCV) has been reported as a cause of
disease affecting peanut production in Thailand and the southern
part of China and causes significant yield losses [3,4]. CaCV disease
is vectored by thrips species [5]. Although the disease is vectored
only by thrips, pest management using an insecticide is an ineffec-
tive method to control the disease because the thrips vectored can
seek refuge in tight spaces of peanut plant [6]. Therefore, genetic
improvement for increasing disease resistance and yield traits in

peanut breeding is a sustainable method in disease control.

Combining desirable traits in one genotype is a challenge for
plant breeders. The selection index is one of the multi-trait selec-
tion methods, which can generate the numeric value of genotype
for ranking in the selection process [7]. The first selection index
used in plant breeding, known as Smith’s index, is a linear combi-
nation of traits and the optimally economic weight of those traits
[8,9]. Several selection indices based on Smith’s index have been
developed and deployed in a breeding program [10]. Most of them
require to assign the economic weight of a trait that is difficult to
express into the realistic weight due to the lack of a procedure to
weigh the trait of economic importance [11]. In addition, the pres-
ence of multicollinearity, which occurs when multiple correlated
traits are assessed, can cause undermining the effectiveness of tra-
ditional selection indices [12]. Recently, the new selection indices
that do not require assigning the weight of trait and free from the
multicollinearity problem were developed, including a multitrait
index based on factor analysis and ideotype-design (FAI-BLUP
index) [13] and a multi-trait stability index (MTSI) [14]. The FAI-
BLUP index is based on a mixed model method and the best linear
unbiased prediction (BLUP) to predict the genotypic value for each
genotype, which allows ranking the genotypes closer to the geno-
type-ideotype. The FAI-BLUP index has been applied to select su-
perior genotypes in several crop breeding programs [15,16]. Mean-

while, the MTSI is a selection index used for the multi-environment
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trials (MET) that can combines mean performance and stability of
genotype for simultaneous selection based on multiple traits. This
method has been used to select the best oat genotypes based on
several agronomic and economic traits in analysing multi-environ-
ment trials [14]. However, the application of these selection indices

has not been reported in peanut breeding.

Objective of the Study

The objective of this study was to select peanut genotypes for
improving field resistance to CaCV disease along with yield-related
traits using the FAI-BLUP and MTSI indices.

Materials and Methods

Plant material and field experiment

The materials consisted of 121 peanut genotypes, including
ICGV86388, a resistant variety to peanut bud necrosis disease
(PBND) and thrips developed by the International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), 11 released variet-
ies developed by the Department of Agriculture, Thailand consist-
ing of Kalasinl, Kalasin2, KhonKaen, KhonKaen4, KhonKaen5,
KhonKaen6, KhonKaen60-1, KhonKaen60-2, Khonkaen84-7,
Khonkaen84-8, and Tainan9, (encoded from V1-V11, respectively)
and 109 recombinant inbred lines (RIL) developed by Kasetsart
University, Thailand (encoded from 1 to 109). The RILs were origi-
nated from the cross Khonkaen5 x Khonkaen6. The field experi-
ments were conducted in 2017 and 2018 at the hotspot locations
of CaCV disease in Kalasin province located in the northeastern
region of Thailand, totalling three environments; Somdet district
in 2017 (16.7538° N, 103.7521° E), Somdet district in 2018 and
Mueang Kalasin district in 2018 (16.4314° N, 103.5059° E). The
experimental design used for each evaluated environment was ar-
ranged in randomized completed block, with two replications. The
plot size consisted of two rows, with 4 m long rows comprising of
42 plants/plot. The genotypes were evaluated under natural infec-
tion. The susceptible cultivar was grown between the tested geno-

types for used as spreader row.

Data collection

Field resistance to CaCV disease for each genotype was assessed
using a disease incidence rating as described by Puttha., et al.
(2008) [17] and the area under the disease progress curve (AUD-
PC) [18]. At harvesting stage, pod yield (PY, kgha), harvest index
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(HI), number of pod per plant (PdPt), pod weight per plant (PwPt,
g), seed weight per plant (SwPt, g), shelling percentage (SH) and
hundred seed weight (100SW,g) were collected as describing by
Puttha,, et al. (2008) [17]. For seed-related traits, the five randomly
seeds for each genotype were sampled for the following traits: seed
length (SdLgth, inch) and seed width (SdWdth, inch).

Statistical analysis

The evaluated traits were analyzed for a randomized complete
block design using a mixed model following the method proposed
by Henderson (1975) [19]. The variance component estimates
for each traits were obtained by restricted maximum likelihood
(REML) analysis, and the best linear unbiased prediction (BLUP)
for each trait and genotype was performed to predict genotypic
values. The significance of genotype (G), environment (E) and G
x E interaction effects were tested by a likelihood ratio test. The
broad sense heritability) for each trait was calculated based on the
variance component estimates. The traits related to field resistance
(DisInc and AUDPC) along with yield-related traits (PY, HI, PdPt,
PWPt, SWPt, SH, 100SW, SdLgth and SdWdth) were used to select

superior genotypes using two selection indices as follows.

A multitrait index based on factor analysis and genotype-ideo-
type distance (FAI-BLUP)

The BLUP values for each genotype and trait were used to cal-
culate the FAI-BLUP index. This method proposed by Rocha,, et al.
(2015) [13]. For this study, the maximum values for yield-related
traits and minimum values for field resistance parameters were

used to identify ideal traits.

A multi-trait stability index (MTSI)

The MTSI was performed considering mean performance and
stability as described by Olivoto., et al. (2019) [14]. The weights of
mean performance and stability were assumed to be 50 and 50%
(MTSI-50) and 75 and 25% (MTSI-75). The selection considering
multiple traits was based on the genotype-ideotype distance (Eu-
clidian). The genotype with the lowest MTSI is closer to the ideo-
type and presents a high mean performance and stability for all

traits.

The selection intensity used for each selection index was 15%.

After the selection, the selection differential (SD) of all traits were
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estimated following, where the mean of selected genotypes for the
traitand is the population mean of that trait. The selection gain for
each trait in percentage (%SG) was estimated following; , where is
the broad-sense heritability. All data analyses and making selec-
tion by the two selection index methods were carried out in the R

software with the “metan” package [20].

Results and Discussion

The genotype effect was significant for almost all traits except
for SWPt. The genotype and environment interaction effects were
significant for DisInc and 100SW (Table 1). Estimates of variant
components for each trait revealed that the contribution of geno-
typic variance for DisInc and AUDPC were 40.57% and 44.56%
of phenotypic variance, respectively. For yield-related traits, the
contribution of genotypic variance ranged from 5.74% to 62.7
% of phenotypic variance (Table 1). High values of broad-sense
heritability were observed for Dislnc, AUDPC, 100SW, SdLgth
and SdWdth, indicating a prospect to obtain genetic progress for
these traits. Whereas, low to moderate heritability values were ob-
served for PY, PdPt, PWPt, SWPt, HI and SH, ranging from 0.19 to
0.58 (Table 1), demonstrating that these traits are strongly influ-
enced by environmental factors. In this study, the field resistance
for each genotype that expresses as reduced disease incidence and
minimizes the development of epidemics in the field was assessed
using DisInc and AUDPC. Both parameters can effectively differ-
entiate genotypes for field resistance to CaCV disease. In addition,
the AUDPC has been widely used to define field resistance of field

crops and can be used as a selection criterion for this trait [17].

In the context of variety testing, the genotype may be consid-
ered as fixed or random effects depending on the goal of the analy-
sis, and both are commonly used in practice [21]. In this study, the
genotype was assigned to be a random effect; therefore, the best
linear unbiased prediction (BLUP) was performed to predict genet-
ic values of genotypes for all accessed traits. Descriptive statistics
of the BULPs for each trait are presented in table 2. The variability
of BLUP values for disease resistance and yield-related traits indi-
cated that field resistance to CaCV disease and yield traits could be
improved simultaneously. The application of BLUP in plant breed-
ing has been successfully applied for variety testing, progeny and

parent selection and single cross prediction [21]. For peanut, the
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Likelihood ratio test Variance components (%)
Trait h?
g gxe o, O e c?,

DisInc 93.730™ 9.364" 40.57 10.74 48.70 0.78
AUDPC 116.505™ 2.838 44.56 5.65 49.79 0.81
HI 15.476™ 0.879 16.30 5.50 78.20 0.52
PdPt 8.657" 1.339 9.55 6.35 84.09 0.37
PWPt 5.359" 1.883 7.47 7.67 84.85 0.31
SWPt 3.197 2.836 5.74 9.58 84.68 0.25
SH 33.781™ 0.074 20.31 1.33 78.36 0.60
100SW 81.508™ 6.279° 36.52 9.40 54.08 0.75
SdLgth 22447 1.05 62.78 2.32 35.01 0.90
Sdwdth 69.64™ 1.14 31.74 441 63.85 0.72
PY 16.286™ 0.000 12.00 0.0 88.00 0.45

Table 1: Likelihood ratio test, estimated of variant components and heritability for DisInc; percentage of disease incidence, AUDPC: The
area under the disease progress curve, PY: Pod yield, HI: Harvest index, PdPt: The number of pod/plant, PWPt and SWPt: Pod and seed
weight/plant, SH: Shelling percentage, 100SW: Hundred seed weight, SdLght: Seed length and SdWdth: Seed width evaluated across
three environments.

* ok Rk

7, significant at P < 0.05, 0.01 and 0.001, respectively.

o’ : genetic variance; 6> : G x E variance; o : Residual Variance; h% Broad-sense heritability.

Xe

Trait Min Max Range X SD c?

DisInc (%) 8.44 49.49 41.05 24.38 9.23 85.18

AUDPC 1.02 8.86 7.84 3.62 1.67 2.79

HI 0.2476 0.3979 0.1503 0.3326 0.0318 0.001

PdPt 13.27 18.33 5.06 15.29 1.01 1.03

PWPt (g) 16.02 20.87 4.85 18.22 1.08 1.17

SWPt (g) 11.01 13.98 2.97 12.46 0.60 0.36

SH 61.82 73.14 11.32 68.65 2.62 6.89

100SW (g) 40.30 67.29 26.99 54.87 21.59 26.99

SdLght (inch) 0.469 0.748 0.279 0.588 0.052 0.003
SdWdth (inch) 0.331 0.407 0.076 0.370 0.013 0.0002
PY (kg.ha) 919.5 1435.6 516.1 1165.3 105.0 11022.8

Table 2: Descriptive statistics of the best linear unbiased predictors (BLUPs) for DisInc; percentage of disease incidence, AUDPC: The
area under the disease progress curve, PY: Pod yield, HI: Harvest index, PdPt: The number of pod/plant, PWPt and SWPt: Pod and seed
weight/plant, SH: Shelling percentage, 100SW: Hundred seed weight, SdLght: Seed length and SdWdth: Seed width among peanut geno-
types evaluated across three environments.

Min: Minimum: Max: Maximum: SD: Standard Deviation: o%: Variance.
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BLUP has been used to progeny and parental selection for disease

resistance, yield and quality traits [22-24].

The FAI-BLUP index and MTSI at the two different weights of
mean performance and stability were applied to select peanut
genotypes for improving field resistance to CaCV disease and yield-
related traits based on the disease screening trials at the selec-
tion intensity of 15 % using the R solfware package “metan” [20].
Therefore, 18 genotypes were selected in each selection index. For
the FAI-BLUP index, the results of the principal component analy-
sis showed that the third main components, which had eigenvalues
higher than one, were retained. The cumulated variance in these
components was 72.69 % (Table 3), indicating that it is sufficient
to represent approximately 73% of all the variability. The results
of factor analysis revealed that the 11 traits were grouped into the
three factors (FA) as follow: FA1, PY, HI, PdPt, PWPt and SWPt; FA2,
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100SW, SdLgth and SdWdth; and FA3, DisInc, AUDPC and SH (Table
4). These factors were used to design ideotype-genotype. Accord-
ing to the selection objective in this study, maximum BLUP values
were desirable for PY, HI, PdPt, PWPt SWPt, SH, 100SW, SdLgth and
SdWdth, on the other hand minimum BLUP values were desirable
for DisInc and AUDPC. The 18 genotypes selected are shown as in
the figure 1. The selection differentials and selection gains were
positive for the yield-related traits that are desired to be positive
except for SH and negative for DisInc and AUDPC that want to be
decreased (Table 5). The FAI-BLUP index provided total selection
gains of approximately -48% and 26% for resistance parameter
and yield-related traits that want to be decreased and increased,
respectively, indicating that this method provides desirable genetic
gains for these traits simultaneously. The FAI-BLUP index has been
successfully applied to select superior genotypes in crop breeding

programs [13,15,16].

Principal Eigenvalue Cumulative variance (%)
Components FAI-BLUP MTSI-50 MTSI-75 FAI-BLUP MTSI-50 | MTSI-75
PC1 3.62 3.27 3.62 32.87 29.7 32.88
PC2 2.51 2.05 2.16 55.71 48.4 52.49
PC3 1.87 1.51 1.95 72.69 62.1 70.26
PC4 0.93 1.08 0.99 81.16 71.9 79.22
PC5 0.79 0.87 0.82 88.38 79.8 86.73
PCé 0.57 0.76 0.63 93.52 86.6 92.53
PC7 0.34 0.59 0.34 96.62 92.0 95.67
PC8 0.20 0.42 0.23 98.43 95.9 97.83
PC9 0.13 0.28 0.17 99.61 98.4 99.44
PC10 0.03 0.13 0.05 99.90 99.5 99.93
PC11 0.01 0.05 0.01 100.0 100.0 100.0

Table 3: Eigenvalue estimates by principal components analysis and the variance proportion explained by

them for the FAI-BLUP and MTSI indices.

MTSI-50 and MTSI-75: multi-trait stability index at the weight of mean performance and stability of 50:50 and 75:25, respectively.

For the MTSI-50 and MTSI-75, the results of principal compo-
nent analysis revealed that the four-first principal components
had eigenvalues higher than one for the MTSI-50, and three-first
principal components were observed for the MTSI-75. The cumu-

lative frequency for these principal components for the MTSI-50

and MTSI-75 was 71.9% and 70.26%, respectively (Table 3). As a
result, the 11 traits were grouped into four factors for the MTSI-50
and three factors for the MTSI-75 (Table 4). The genotype selected
by the MTSI-50 and MTSI-75 are presented in the figure 2 and 3,
respectively. The two MTSI scenarios shared 12 of 18 genotypes
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. FAI-BLUP MTSI-50 MTSI-75

Trait FA1 FA2 FA3 FA1 FA2 FA3 FA4 FA1 FA2 FA3
DisInc 0.05 0.01 -0.971 -0.08 -0.94 -0.06 0.07 -0.11 -0.96 0.03
AUDPC 0.03 0.00 -0.97 -0.01 -0.93 -0.11 0.03 -0.07 -0.95 0.07
HI -0.70 -0.10 0.25 -0.40 -0.32 0.17 -0.60 -0.66 -0.23 -0.10
PdPt -0.83 0.27 -0.05 -0.88 -0.03 -0.11 0.07 -0.84 0.04 0.22
PWPt -0.94 -0.08 -0.04 -0.95 -0.05 0.11 -0.02 -0.93 0.03 -0.10
SWPt -0.92 0.04 -0.19 -0.92 0.04 0.04 -0.20 -0.93 0.18 -0.02
SH -0.03 0.27 -0.42 0.03 0.24 -0.20 -0.83 -0.07 0.42 0.21
PY -0.81 -0.15 0.11 -0.51 -0.28 0.34 -0.27 -0.79 -0.12 -0.18
100SW -0.09 -0.95 0.00 -0.04 0.23 0.74 -0.02 -0.09 0.05 -0.91
SdLgth 0.12 -0.78 0.06 0.05 -0.04 0.71 0.22 0.11 -0.11 -0.78
Sdwdth -0.10 -0.72 0.13 -0.11 -0.003 0.65 -0.16 -0.17 -0.06 -0.67
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Table 4: Factorial loadings after varimax rotation for DisInc; percentage of disease incidence, AUDPC: The area under the disease progress
curve, PY: Pod yield, HI: Harvest index, PdPt: The number of pod/plant, PWPt and SWPt: Pod and seed weight/plant, SH: Shelling percent-
age, 100SW: Hundred seed weight, SdLght: Seed length and SdWdth: Seed width obtained by the FAI-BLUP and MTSI indices.

'Bold values indicate the traits grouped within each factor.

Figure 1: Genotype ranking obtained by the FAI-BLUP index.
The selected genotypes are represented in red circle, considering

a selection intensity of 15%.

including the genotypes 77, 78, 1, 66, 63, 39, 61, 82, V8, 90, 76 and
92. Meanwhile, the selection differentials and selection gains of the
MTSI were positive for almost yield characters except for SH and
negative for DisInc and AUDPC. The total selection gains for field
resistance parameter and yield-related traits were approximately
-53% and 49% for the MTSI-50 and -52%, and 57% for the MTSI-
75 (Table 6). The total selection gains for the resistance parameter
obtained by the MTSI at two different weights were close to each
other. Interestingly, the total selection gains for yield traits ob-
tained by the MTSI-75 were greater than the MTSI-50. These over-
all results indicated that the MTSI is an effective method for select-
ing high-performance and stable genotypes in multi-environment
trials based on multiple traits. Furthermore, the weights of mean
performance and stability can be adjusted depending on the breed-
er wants and the purpose of selection in the breeding program and
should use several weights to increase the precision and accuracy
of selection [14].

The FAI-BLUP, MTSI-50 and MTSI-75 shared eight of 18 selected
genotypes, including the genotypes 77, 90, 78, 61, 82, 63, 1 and
92 (Table 7). Among them, the genotypes 77, 90, 78, 61, 82 and
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Trait Factor Desirable BLUP BLUP, SD %SG
HI 1 Increase 0.3326 0.3755 0.043 6.71
PdPt 1 Increase 15.3 16.0 0.7 1.69
PWPt 1 Increase 18.22 19.58 1.36 2.31
SWPt 1 Increase 12.46 12.94 0.48 0.96
PY 1 Increase 1165.3 1296.4 131.2 5.07
100SW 2 Increase 54.87 58.61 3.74 5.11
SdLgth 2 Increase 0.5878 0.6190 0.031 4.74
Sdwdth 2 Increase 0.3695 0.3789 0.009 1.75

DisInc 3 Decrease 24.38 17.50 -6.87 -21.98

AUDPC 3 Decrease 3.62 2.44 -1.18 -26.40
SH 3 Increase 68.65 66.22 -2.43 -2.13
Total (Increase) 26.23

Total (Decrease) -48.38

Genotype selected: 77 69 64 66 90 75 78 61 V9 82 63 31 65 74 89 48 1 92

Table 5: Estimates of population BLUP mean , BLUP mean of selected genotypes, selection differential (SD) and selection gain (%SG) for

DisInc; percentage of disease incidence, AUDPC: The area under the disease progress curve, PY: Pod yield, HI: Harvest index, PdPt: The

number of pod/plant, PWPt and SWPt: Pod and seed weight/plant, SH: Shelling percentage, 100SW: Hundred seed weight, SdLght: Seed

length and SdWdth: Seed width obtained by the FAI_BLUP index considering a selection intensity of 15% and the selected genotypes by
each selection index.

Figure 2: Genotype ranking obtained by the MTSI-50 index. The Figure 3: Genotype ranking obtained by the MTSI-75 index. The

selected genotypes are represented in red circle, considering a selected genotypes are represented in the red circle, considering a

selection intensity of 15%. selection intensity of 15%.
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Trait Desirable X, MTSI-50 MTSL-75
FA X, SD %SG FA X, SD %SG
DisInc Decrease 24.47 2 17.24 -7.24 -22.95 2 16.77 -7.70 | -24.42
AUDPC Decrease 3.64 2 2.30 -1.33 -29.84 2 2.40 -1.24 | -27.75
HI Increase 0.3239 4 0.4075 0.084 13.50 1 0.4125 | 0.089 14.30
PdPt Increase 15.33 1 17.0 1.7 4.04 1 17.17 1.8 4.46
PWPt Increase 18.27 1 21.65 3.39 5.73 1 22.36 4.10 6.93
SWPt Increase 12.48 1 14.81 2.33 4.66 1 14.42 1.94 3.87
SH Increase 68.58 4 68.13 -0.45 -0.40 2 65.37 -3.21 -2.81
PY Increase 1163.0 1 1461.0 2989 11.57 1 1479.0 | 3164 | 12.25
100SW Increase 54.87 3 59.12 4.24 5.80 3 61.18 6.31 8.62
SdLgth Increase 0.5879 3 0.6022 0.014 2.4 3 0.6304 | 0.043 6.54
Sdwdth Increase 0.3696 3 0.3813 0.012 3.2 3 0.3846 | 0.015 292
Total (Increase) 49.39 57.08
Total (Decrease) -52.79 -52.17
Genotype selected
MTSI-50: 77 78 1 66 63 39 61 13 5282 V889 90 100 76 84 104 92
MTSI-75: 77 78 69 75 66 6490182 63 6139V9V831749276

Table 6: Estimates of the population mean, mean of the selected genotypes, selection differential (SD) and selection gain (SG) for DisInc;
percentage of disease incidence, AUDPC: The area under the disease progress curve, PY: Pod yield, HI: Harvest index, PdPt: The number of
pod/plant, PWPt and SWPt: Pod and seed weight/plant, SH: Shelling percentage, 100SW: Hundred seed weight, SdLght: Seed length and
SdWdth: Seed width obtained by the MTSI index considering a selection intensity of 15% and the selected genotypes by each selection

index.
. SH
cenaype | s | auoec m e TR SR e s st n
63 111 1.21 0.356 15.6 18.84 12.45 64.5 58.96 0.6347 0.3698 1306.9
78 11.2 1.60 0.361 15.1 18.26 12.36 66.2 63.69 0.6415 0.4072 1242.6
82 11.5 1.71 0.386 15.5 19.06 12.99 68.7 56.77 0.5850 0.3829 1257.6
61 14.6 1.47 0.370 17.4 20.87 13.74 66.9 56.17 0.5730 0.3652 14141
90 16.7 1.97 0.379 16.1 19.50 13.30 69.9 61.07 0.5493 0.3877 1291.4
77 17.1 2.16 0.398 16.7 19.93 12.81 62.5 64.39 0.6466 0.3929 1407.2
92 24.0 3.24 0.384 16.0 19.96 13.70 70.8 55.65 0.5924 0.3628 1270.2
1 29.1 4.20 0.375 16.7 19.62 13.48 70.9 57.18 0.5975 0.3723 1316.3
Mean 24.4 3.62 0.333 15.3 18.22 12.46 68.7 54.9 0.5878 0.3695 1165.3

Table 7: The BLUP values for DisInc; percentage of disease incidence, AUDPC; the area under the disease progress curve, PY: Pod yield,
HI: Harvest index, PdPt: The number of pod/plant, PWPt and SWPt: Pod and seed weight/plant, SH: Shelling percentage, 100SW: Hundred
seed weight, SdLght: Seed length and SdWdth: Seed width of eight shared genotypes selected by the FAI-BLUP and MTSI indices.
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63 had a good performance for both disease resistance and yield-
related traits, which could be selected for advanced yield trial and
used as germplasm in peanut breeding. The advantage of the FAI-
BLUP and MTSI indices are that both methods are free from the
multicollinearity problem among correlated traits, and they do
not require assigning the economic weight of trait that is difficult
to assign especially for analyzing in the multi-environment trials
[13,14,25]. Therefore, the two selection indices can solve the main
problems of the traditional selection indices in the analysis of the

multi-environment trails.

Conclusion

The simultaneous selection of multiple traits to select promis-
ing genotypes is a challenging task for plant breeders. In this study,
we applied two selection indices for simultaneous selection based
on field resistance to CaCV disease along with yield characters to
select superior peanut genotypes. The results conclude that the
FAI-BLUP and MTSI indices are efficient method for multi-trait se-
lection because they provided genetic gains of satisfactory magni-
tude for several traits simultaneously. Furthermore, the MTSI was
considered more appropriate for the analysis of multi-environment
trials due to the combination of mean performance and stability for
selection. It allows to select the stable genotypes with high mean
performance for desirable traits. Therefore, the FAI-BLUP and
MTSI indices can effectively be used as a tool in selecting promising
genotypes based on targeted traits simultaneously in plant breed-
ing programs. Finally, the application of both selection indices in
future studies is to be applied for improving nutritional traits cou-

ple with economic characters in peanut breeding.
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